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Abstract: Previously, pseudomyogenic hemangioendothelioma (PMHE) is regarded as epithelioid sarcoma-
like hemangioendothelioma due to significant histologic overlapping and diffuse cytokeratin expression since
the first description in 1992. After considerable controversy and long-term debating, it is currently defined as
a distinct intermediate malignant, rarely metastasizing neoplasm with vascular/endothelial differentiation in
nature. PMHE is characterized by young age (typically < 40 years old) and extremity location (approximately
~80%) with t(7:19) SERPINE1-FOSB fusion as the most common molecular alteration. Here we reported a 59-
year-old male presenting with multifocal lesions, including right temporalis muscle, right frontoparietal
calvarium, right pterygoid muscles, and right mandibular condyle. Histologic examination of the lesion from
right temporal mass revealed a multinodular biphasic lesion composed of sheets and fascicles of elongated
spindle cells, and epithelioid small round to ovoid cells infiltrating into the adjacent skeletal muscle admixed
with abundant neutrophilic infiltration. No rhabdomyoblast-like cells, prominent nuclear pleomorphism and
mitosis were identified. IHC staining showed that the tumor cells were diffusely and strongly positive for
FOSB, pan-cytokerain (AE1/AE3), CD31, ERG, and molecular testing further demonstrated a t(9:19)
EGFL7::FOSB fusion mRNA. This constellation of morphological, IHC and molecular findings was consistent
with the diagnosis of PMHE. This is the first reported case of multiple PMHEs with EGFL7::FOSB fusion in a
patient aged more than 50 years old in the head and neck area. Since the vast majority of the differential
diagnoses of PMHE are high-grade malignancies with aggressive clinical behavior and PMHE is rarely
reported in the head and neck region, awareness of this tumor will avoid misdiagnosis and over-treatments of
this entity.
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1. Introduction

Pseudomyogenic hemangioendothelioma (PMHE) is a distinctive mesenchymal vascular
neoplasm quiet often arising in superficial &/or deep soft tissue. PMHE presents with a male
predilection and wide age ranging from 14 to 80 years old with a mean of 31 years old [1]. PMHE
predominantly presents as multiple painful or painless nodules with no distinctive clinical
manifestation, and occasionally bone pain, blurred vision, or joint weakness is reported depending
on the location of the lesion [2]. Extremities are the most common site, occupying for approximately
80% of PMHE cases with the lower extremities predominance comprising of ~54%, followed by trunk,
and rarely head and neck region [1, 2]. In a series of 50 cases, only 2 cases (4%) affected the head and
neck region: one case presenting as multifocal lesion only on the nose in 47-year old male and the
other one presenting as a solitary lesion on the forehead in a 34-year old male [1].

The following case presented below is the first reported case in a patient aged more than 50 years
old, to the best of our knowledge, of multifocal PMHE in the head and neck area with wide-spread
distribution from right calvarium to right mandible.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Case presentation

A 59-year-old male presented to the NeuroSurgery Clinic of University of California Irvine
Medical Center on 3/31/2023 with a right temporal mass. About 6 months ago he did complain of
pain in the right jay when he opened his mouth of yawned, and noticed the painless lump about 2
months ago. Subsequent MRI imaging showed a heterogeneous lesion measuring 1.6 x 1.1 cm
centered in the right temporalis muscle (Figure 1A). Furthermore, additional smaller 9 x 7 mm lesion
within the right frontoparietal calvarium, 9 mm lesion within the right pterygoid muscles, and
multiple small foci of signal abnormality within the right mandible (Figure 1B). PET CT showed
increased uptake in these lesions concerning for neoplasm (Figure 1C). Laboratory values and past
medical history was unremarkable except for hypertension, type II diabetes mellitus,
hypercholesterolemia and arthritis. Past surgery history included endoscopic bilateral knee surgery
and abdominal hernia surgery. No smoking, alcohol use or known allergy history. The patient
eventually underwent a punch biopsy of right temporal mass.

Histological examination of the right temporal mass showed a multinodular biphasic lesion
composed of sheets and fascicles of elongated spindle cells, and epithelioid small round to ovoid cells
with abundant eosinophilic cytoplasm infiltrating into the adjacent skeletal muscle admixed with
abundant neutrophilic infiltration (Figure 2). Rhabdomyoblast-like cells, and prominent nuclear
pleomorphism and mitosis were not identified. IHC staining revealed that the tumor cells were
diffusely and strongly positive for FOSB, pan-cytokerain (AE1/AE3), CD31, ERG, and negative for
CD34 (Figure 3), as well as for HHVS, EMA, TLE1, squamous markers (p40, p63), melanocytic
markers (5100, SOX10), and muscular markers (Desmin, SMA). INI-1 was retained, and Ki67/Mib1
highlighted 15-20% tumor cell in the highest proliferating areas. DNA and RNA next-generation
sequencing (NGS) performed by Genomic Testing Coorperative further revealed a t(9:19)
EGFL7::FOSB fusion mRNA.

In this constellation of histological, IHC, and molecular findings, the pathologic diagnosis was
consistent with pseudomyogenic hemangioendothelioma with EGFL7::FOSB fusion. This is the first
case of PMHE in a patient aged more than 50 years old in the head and neck area, as well as the first
case with EGFL7::FOSB fusion in the head and neck area.

Figure 1

Figure 1. (A) Axial images of the patient's MRI with and without contrast demonstrate a
heterogeneous, peripherally enhancing 1.8 x 1.2 x 2.1 cm (AP x ML x CC) lesion centered within the
right temporalis muscle (solid yellow arrow). The lesion demonstrates T1 isointensity to surrounding
muscle tissue (dotted yellow arrow). On diffusion weighted sequences, the lesion demonstrates
heterogeneous hyperintensity on diffusion restriction sequence (dotted blue arrow), suggesting areas
of high cellularity of the lesion. FLAIR (fluid-attenuated inversion recovery) sequences also
demonstrate heterogeneously increased signal of the lesion (solid blue arrow). Findings are
suggestive of a neoplastic process, with possible cystic change or central necrosis due to the lack of
central enhancement. (B) Multiple axial images of the patient's brain MRI (all T1 post-contrast
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enhanced sequences) demonstrate additional lesions with similar imaging features as the right
temporalis muscle lesion in figure 1, including T2/FLAIR (fluid-attenuated inversion recovery)
hyperintensity, diffusion restriction, and enhancement. Of note, these lesions demonstrate slight
differences in enhancement pattern compared to the right temporalis muscle lesion, with more
homogeneous enhancement compared to the right temporalis muscle which demonstrated more
heterogeneous and peripheral enhancement. These additional lesions are centered in the right
frontoparietal calvarium (red solid arrow), right lateral pterygoid/temporalis muscle (dotted red
arrow), superficial aspect of the right masseter muscle with possible extension into the right
zygomatic arch (solid orange arrow), and the right mandibular condyle (dotted orange arrow). These
lesions were also avid on subsequent PET-CT (shown in figure 3), with the exception of the
masseter/zygomatic arch lesion which demonstrated FDG uptake slightly above background activity
at approximately 2.7 SUV. (C) PET-CT (positron emission tomography computed tomography) scan
in the same patient demonstrates increased FDG (fluorodeoxyglucose 18F) radiotracer uptake with
maximal uptake of 9.3 SUV in the right frontoparietal calvarial lesion which corresponds to a lytic
lesion on the accompanying CT (blue arrow), concerning for neoplasm. There are additional FDG
avid lesions in the right mandibular condyle with maximal uptake of 5.1 SUV (white arrow) and in
the right temporalis/ lateral pterygoid muscle with maximal uptake of 8.7 SUV (green arrow), also
concerning for neoplastic process. Previously noted right temporal lesion is not seen on this PET-CT
as it was excised, although was shown to be FDG avid on prior PET (not shown).

Figure 2
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Figure 2. (A) Section of the final resection specimen from right temporal mass shows a multinodular
lesion separated by fibrous septa, 4X. (B) A well-demarcated biphasic lesion is composed of composed
of sheets and fascicles of elongated spindle cells (spindle cell component-left side of the dotted line),
and epithelioid small round to ovoid cells with abundant eosinophilic cytoplasm (epithelioid
component-right side of the dotted line), 20X. (C) Representative section of spindle cell component
with neutrophilic infiltration, 20X. (D) Representative section of spindle cell component with
neutrophilic infiltration, 20X.
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Figure 3. Inmunostains of the lesion reveal that the tumor cells are diffusely positive forAE1/AE3,
CD31, ERG, and FOSB, but negative for CD34.

3. Discussion

Histologically, PMHE is predominantly composed of sheets and fascicles of elongated spindle
cells with abundant eosinophilic cytoplasm, vesicular nuclei and variable nucleoli. Mild to moderate
cytologic atypia can be present, but rarely marked. Epithelioid cells may be present in PMHE and
intimately intermingled with spindle cell component. In a series of 50 PMHE cases, at least focal
epithelioid cells were identified in all cases [1, 2]. Rarely, prominent biphasic spindle and epithelioid
components are clearly demarcated from each other, such as in this case. Rhabdomyoblast-like cells
and neutrophils infiltration were variable present. Foci of necrosis has been reported in 14.5 % of a
series of PMHE cases (8/55) [1, 3]. Therefore, a broad spectrum of differential diagnoses is recognized
for the diagnosis of PMHE based on the non-specific morphological features, including benign and
malignant tumors. Benign entities mainly include nodular fasciitis and fibrous histiocytoma, and
malignant tumors include epithelioid sarcoma, leiomyosarcoma, spindle cell squamous cell
carcinoma, spindle cell melanoma, monophasic spindle cell synovial sarcoma, spindle cell
rhabdomyosarcoma, angiosarcoma, epithelioid hemangioendothelioma (EHE). Therefore, a
comprehensive IHC and molecular testing panel is needed to rule out all, but not limited to, the
differential diagnosis mentioned above before arriving at the correct diagnosis.

Immunohistochemically, all the PMHE cases have been reported to show strong, diffuse
positivity to pan-cytokeratin (AE1/AE3), FLI-1 and INI-1, and negativity to CD34, 40-50 % positive to
CD31 and variable reactivity to CAM5.2, EMA and SMA [1, 2]. Histological examination of this case
showed a multinodular well-demarcated biphasic lesion composed of the sheets and fascicles of
elongated spindle cells, and epithelioid cells with round to ovoid morphology. Abundant
neutrophilic infiltration was identified. Based on the histologic findings, further IHC staining
revealed that the tumor cells were diffuse positive for AE1/AE3, CD31, ERG and INI-1 and negative
for EMA, p63, p40, CD34, S100, SOX10, Desmin, SMA and TLE1. This constellation of IHC pattern
was against the diagnosis of nodular fasciitis, fibrous histiocytoma epithelioid sarcoma,
leiomyosarcoma, spindle cell squamous cell carcinoma, spindle cell melanoma, monophasic spindle
cell synovial sarcoma, spindle cell rhabdomyosarcoma, and supportive of the diagnosis of vascular
tumor, but was supportive of vascular neoplastic process.

Immunostaining for HHV-8 for Kaposi sarcoma and FOSB for PMHE, as well as molecular
testing were performed to determine the specific vascular tumor. Positivity for FOSB and negativity
for HHV-8 were more supportive of PMHE and against Kaposi sarcoma. Molecular testing further
demonstrated that the tumor harbored a t(9:19) EGFL7::FOSB fusion mRNA, supporting PMHE as
the final diagnosis.

The most distinct form of molecular signature in PMHE is a genetic fusion between FOSB (19q)
and SERPINE (7q22) [4, 5]. Furthermore, WWTR1(3q25) that is a common partner fusion gene with
CAMTAL in epithelioid hemangioendothelioma [6, 7] has also been reported to be a partner fusion
gene of FOSB in PMHE [8]. Other gene fusions, such as t(7:19) ACTB::FOSB and t(2:19) POTEI-FOSB,
have been reported in PMHE as well [9, 10]. All these fusions will upregulate FOSB expression, which
is positive in several diseases, including PMHE [11], epithelioid hemangioma [12] and
osteoblastomas [13]. In the current study, our molecular testing for the first time revealed a rare t(9:19)
EGFL7::FOSB fusion mRNA in PMHE in the head and neck region. Importantly, although metastasis
is extremely uncommon in PMHE and only reported in two cases so far (the molecular alterations
were not mentioned in the studies) [1, 14], this novel gene fusion of EGFL7::FOSB was first identified
in PMHE from multifocal hand lesions with widely metastatic disease, including numerous masses
in the lungs, liver, soft tissues, and axial and appendicular skeleton, at the initial presentation [15],
suggesting that EGFL7::FOSB fusion may be associated with or drive the metastatic potential of
PMHE. Interestingly, MRI showed additional three lesions, including in right pterygoid muscles,
right mandible and right calvarium, shared similar radiologic features as the lesion at right
temporalis muscle, in combination with the finding of EGFL7::FOSB fusion identified in this case, the
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metastatic possibility from right temporal area to the other three areas should be carefully considered
and excluded at the molecular level if the other three lesions become available.

As mentioned above, PMHE is characterized by young age (94% < 50 years old) and extremity
location (approximately 80%) [1, 2, 16]. Head and neck region is one of the rarest sites, and no more
than 15 cases, to the best of our knowledge, have been reported in this area till date [1, 11, 16-20],
including 2 cases in the skull, 2 cases in the scalp, 2 cases in the face, 2 cases in the neck, 2 case in the
forehead, 2 cases in the nose, 1 case in the anterior maxillary gingiva, 1 case in perioral. Among them,
the age of all the patients was less than 50 years old and the eldest one aged 47. In this case, we
presented a 59-year-old male with multifocal lesion in the head and neck region, and pathologic, IHC
and molecular examination of the specimen from the largest mass at right temporal was consistent
with the diagnosis of PHME. So far, this is the first reported case of PMHE with EGFL7::FOSB fusion
in the head and neck region, as well as the first case in patient aged more than 50 years old in the
head and neck region.

4. Conclusion

This case is unique in several aspects. First, this is the first case to report in PMHE with
EGFL7::FOSB fusion in the head and neck area. In addition, this is the first case report, to the best of
our knowledge, in patient more than 50 years old. Hoping that this case will enhance the awareness
of clinician and pathologists to carefully consider PMHE in elder patients, which will prevent
misdiagnosis and overtreatment of a relatively low-grade neoplasm.

Declaration about informed consent: The informed consent was obtained from the patient.
Conflicts of Interests: The authors declare no conflicts of interest or funding to disclose.

References

1. Hornick JL, Fletcher CD: Pseudomyogenic hemangioendothelioma: a distinctive, often multicentric
tumor with indolent behavior. Am | Surg Pathol 2011, 35(2):190-201.

2. Billings SD, Folpe AL, Weiss SW: Epithelioid sarcoma-like hemangioendothelioma. Am | Surg Pathol 2003,
27(1):48-57.

3.  Mirra JM, Kessler S, Bhuta S, Eckardt J: The fibroma-like variant of epithelioid sarcoma. A
fibrohistiocytic/myoid cell lesion often confused with benign and malignant spindle cell tumors. Cancer
1992, 69(6):1382-1395.

4. Walther C, Tayebwa J, Lilljebjorn H, Magnusson L, Nilsson ], von Steyern FV, Ora I, Domanski HA, Fioretos
T, Nord KH et al: A novel SERPINE1-FOSB fusion gene results in transcriptional up-regulation of FOSB
in pseudomyogenic haemangioendothelioma. | Pathol 2014, 232(5):534-540.

5. Trombetta D, Magnusson L, von Steyern FV, Hornick JL, Fletcher CD, Mertens F: Translocation
t(7;19)(q22;q13)-a recurrent chromosome aberration in pseudomyogenic hemangioendothelioma? Cancer
Genet 2011, 204(4):211-215.

6. Tanas MR, Sboner A, Oliveira AM, Erickson-Johnson MR, Hespelt J, Hanwright PJ, Flanagan J, Luo Y,
Fenwick K, Natrajan R et al: Identification of a disease-defining gene fusion in epithelioid
hemangioendothelioma. Sci Transl Med 2011, 3(98):98ra82.

7.  Seavey CN, Pobbati AV, Hallett A, Ma S, Reynolds JP, Kanai R, Lamar JM, Rubin BP: WWTRI(TAZ)-
CAMTA1 gene fusion is sufficient to dysregulate YAP/TAZ signaling and drive epithelioid
hemangioendothelioma tumorigenesis. Genes Dev 2021, 35(7-8):512-527.

8.  Panagopoulos I, Lobmaier I, Gorunova L, Heim S: Fusion of the Genes WWTR1 and FOSB in
Pseudomyogenic Hemangioendothelioma. Cancer Genomics Proteomics 2019, 16(4):293-298.

9. Agaram NP, Zhang L, Cotzia P, Antonescu CR: Expanding the Spectrum of Genetic Alterations in
Pseudomyogenic Hemangioendothelioma With Recurrent Novel ACTB-FOSB Gene Fusions. Am | Surg
Pathol 2018, 42(12):1653-1661.

10. Gersmann AK, Haller F, Behnert N, Richter A, Stohr R, Hartmann A, Strobel P, Bremmer F: Primary
pseudomyogenic haemangioendothelioma of the testis with a novel POTEI:FOSB gene fusion.
Histopathology 2022, 81(3):411-414.

11. Hung YP, Fletcher CD, Hornick JL: FOSB is a Useful Diagnostic Marker for Pseudomyogenic
Hemangioendothelioma. Am | Surg Pathol 2017, 41(5):596-606.


https://doi.org/10.20944/preprints202401.0337.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 January 2024 doi:10.20944/preprints202401.0337.v1

12. Ortins-Pina A, Llamas-Velasco M, Turpin S, Soares-de-Almeida L, Filipe P, Kutzner H: FOSB
immunoreactivity in endothelia of epithelioid hemangioma (angiolymphoid hyperplasia with
eosinophilia). | Cutan Pathol 2018, 45(6):395-402.

13. Pereira T, Andrade BAB, Romanach M]J, Pereira NB, Gomes CC, Mariz B, Almeida OP, Agostini M, van
Heerden WEFP, Carlos R et al: Clinicopathologic study of 6 cases of epithelioid osteoblastoma of the jaws
with immunoexpression analysis of FOS and FOSB. Oral Surg Oral Med Oral Pathol Oral Radiol 2020,
130(2):191-199.

14. Sheng W, Pan Y, Wang J: Pseudomyogenic hemangioendothelioma: report of an additional case with
aggressive clinical course. Am | Dermatopathol 2013, 35(5):597-600.

15. Hakar MH, White K, Hansford BG, Swensen ], Davis JL: Novel EGFL7-FOSB fusion in pseudomyogenic
haemangioendothelioma with widely metastatic disease. Histopathology 2021, 79(5):888-891.

16. Rawal YB, Anderson KM, Dodson TB: Pseudomyogenic Hemangioendothelioma: A Vascular Tumor
Previously Undescribed in the Oral Cavity. Head Neck Pathol 2017, 11(4):525-530.

17.  van IDGP, Sleijfer S, Gelderblom H, Eskens F, van Leenders G, Szuhai K, Bovee J: Telatinib Is an Effective
Targeted Therapy for Pseudomyogenic Hemangioendothelioma. Clin Cancer Res 2018, 24(11):2678-2687.

18. Requena L, Santonja C, Martinez-Amo JL, Saus C, Kutzner H: Cutaneous epithelioid sarcomalike
(pseudomyogenic) hemangioendothelioma: a little-known low-grade cutaneous vascular neoplasm.
JAMA Dermatol 2013, 149(4):459-465.

19. Cai JN, Peng F, Li LX, Cheng YF, Wang ]: [Epithelioid sarcoma-like hemangioendothelioma: a
clinicopathologic and immunohistochemical study of 3 cases]. Zhonghua Bing Li Xue Za Zhi 2011, 40(1):27-
31.

20. Mittal N, Rekhi B, Singhal P, Bal M, Rane S, Patil A, Thiagarajan S: Multifocal Pseudomyogenic
Hemangioendothelioma Involving the Scalp and Nose, Misdiagnosed as A Sarcoma: A Rare Case Report.
Turk Patoloji Derg 2022, 38(1):73-78.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202401.0337.v1

