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Abstract 
Background: Angiosarcomas are high-grade endothelial tumors remarkable 
for their rarity and malignant behavior. Primary calvarial angiosarcoma is an 
extremely rare entity and its behavior usually sets it apart from other angiosarcoma 
types. We highlight the successful management of cranial angiosarcoma using a 
multidisciplinary approach.
Case Description: We present a 16-year-old male who was first noted to have a 
right-sided parietal cranial mass that was biopsied in 2008. Pathology was initially 
thought to be Kaposiform hemangioendothelioma. The patient subsequently 
underwent chemotherapy with vincristine. The patient did well until early 2010, when 
he suffered a right-sided intraparenchymal intratumoral hemorrhage. At this time, 
the original pathologic diagnosis was revisited and the diagnosis was upgraded to 
an angiosarcoma. The patient underwent a second round of chemotherapy using 
vincristine, cyclophosphamide, and actinomycin. The tumor continued to progress 
despite this treatment and he developed extensive skull deformity. At this point 
more definitive surgical intervention was reconsidered. Preoperative embolization 
of the mass was performed followed by aggressive surgical resection of the bony 
disease. The patient tolerated the procedure well and was discharged 6 days 
postoperatively without any new deficits. The patient is currently in the process of 
completing radiation therapy to entire tumor bed. He has clinically done well with 
no neurologic deterioration and has demonstrated long-term survival (>3 years).
Conclusion: With the combined efforts of pediatric oncology, radiation oncology, 
interventional neuroradiology, and neurosurgery, a survival of greater than 3 years 
is possible with this aggressive pathology. 
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INTRODUCTION

Angiosarcomas are high-grade endothelial tumors 

remarkable for their rarity and malignant behavior. Their 
incidence is approximately 2–3 cases per 1,000,000.[6,22] 
Angiosarcoma can involve the central nervous system, 
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arising from the mesenchymal elements or the bones of 
the cranium.[22]

Primary calvarial angiosarcoma (PCA) is an extremely 
rare entity and its aggressive behavior usually sets it 
apart from other angiosarcoma types. To our knowledge 
5 histologically confirmed cases of primary skull 
angiosarcomas have been described in the pediatric 
population;[1,9,11,13,20] only 2 of these patients had a 
calvarial location.[1,13] We present a pediatric patient with 
PCA and review the pertinent literature.

CASE REPORT

A 14-year-old African-American male was admitted to 
our institution in October 2008 with a single episode 
of subjective left leg numbness and weakness. His past 
medical history was unremarkable and this was the 
first time he had experienced such an episode. General 
physical examination was normal and neurologic exam 
only revealed mild left arm numbness. Magnetic resonance 
imaging (MRI) scans revealed a 3 cm extra-axial, 
heterogeneously enhancing mass in the right parieto-
occipital region with edema of the adjacent parenchyma 
[Figure 1]. Additional studies performed were negative 
for metastatic lesions. An uncomplicated biopsy of lesion 
was performed and the initial pathology was felt to be 
consistent with Kaposiform hemangioendothelioma.

The patient was treated with monotherapy of vincristine. 
Initially, the tumor responded well to this treatment, 
but subsequently showed progression approximately 
10 months after diagnosis. Due to the progression of 
the mass, the accuracy of the pathologic diagnosis was 
revisited and the initial diagnosis was changed to the 
more malignant angiosarcoma.

In January 2010, the patient had an acute onset of left-

sided hemiparesis and headaches. Computed tomography 
(CT) scan revealed an intraparenchymal hematoma 
in the frontoparietal region, extending toward the 
lateral ventricle. An increase in the tumor size was also 
noticed [Figure 2]. The option of surgical intervention 
was presented to the patient and family, but due to the 
aggressive and vascular nature of the tumor, we advised 
that surgical resection would pose a high risk. The 
patient was subsequently started on a more aggressive 
multidrug regimen of vincristine, cyclophosphamide, and 
actinomycin.

Tumor progression initially stabilized with multidrug 
therapy; however, after 8 months, a significant calvarial 
deformity was revealed on routine surveillance 
neuroimaging. In January 2011, repeat MRI brain 
again revealed progression of the tumor, which now 
encompassed both hemispheres and was accompanied by 
a marked calvarial deformity. On physical examination, it 
was noted that the patient’s left-sided hemiparesis was 
worse. Given that there was significant tumor progression 
in spite of aggressive chemotherapy and clinical 
deterioration, surgical intervention was reconsidered. 
After considering the size, vascular nature, and lack of 
response to chemotherapy, the patient and family wished 
to proceed with surgery.

Surgery
Twenty-four hours prior to surgery, the patient underwent 
preoperative tumor embolization. Arterial supply was 
noted from the superficial temporal artery, middle 
meningeal artery, and branches of the occipital artery 
[Figure 3]. Ninety percent of the tumor was embolized 
with Gelfoam particles. The following day, the full 
extent of the extracranial subgaleal tumor along with 
the involved bone was removed. A bicoronal incision was 
made. A plane between the galea and tumor was easily 

Figure 1: Preoperative (2008) axial (a), coronal (b), and sagittal (c) 
postcontrast T1-weighted magnetic resonance imaging scans show 
a 3 cm extra-axial, heterogeneously enhancing mass in the right 
parieto-occipital region

a b c

Figure 2: Posthemorrhage (2010) axial (a), coronal (b), and sagittal 
(c) T1-weighted postcontrast magnetic resonance imaging  showing 
a posterior frontoparietal parenchymal hematoma, along with 
progression in tumor size

a b c
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identified. The interface between normal skull and tumor 
was identified circumferentially. We then performed a 
craniotomy around the tumor that would allow access to 
normal, intact dura around the entire mass. The tumor 
was then carefully dissected away from the underlying 
dura (except in the area where the mass traveled 
intradurally). As the tumor was debulked internally, 
defects in the calvarium were noted. An epidural plane 
was maintained throughout the resection except where 
the mass had already traveled intradurally. Any portions 
of the calvarium that were encountered were resected if 
tumor involvement was appreciated. Given the aggressive 
nature of the neoplasm, no attempt was made to 
reconstruct the bony defect at the time of initial surgery 
[Figure 4]. Elective cranioplasty was scheduled for after 
completion of the adjuvant treatment. Postoperatively, 
the patient had an uncomplicated hospital course and 
was discharged 6 days later. The patient has undergone a 
course of radiotherapy. On his latest follow-up, 8 months 
postsurgery, the patient has stable chronic paresis (3/5) 
in the right lower extremity (from the intratumoral 
hemorrhage), but no new deficits. He is able to ambulate 
without assistance and his scalp has healed well in spite 
of adjuvant radiotherapy. Postoperatively, MRI scans have 
not shown any recurrence thus far.

Pathology
Microscopic sections of the tumor demonstrated variable 
cellularity and growth pattern [Figure 5]. There were 
high-grade, neoplastic spindle cells with mitosis and 
rudimentary small vessel differentiation. The congested 
dilated vessels were lined by neoplastic endothelium 
with intraluminal budding. Immunohistochemically, the 
endothelial cells were positive for CD34, CD31, factor 
VIII; occasionally positive for PROX-1, but negative 
for CKAE1/AE3. The proliferative index (Ki-67) was 
increased and varied from area to area, with occasional 
foci demonstrating up to 30%. The final pathology was 
consistent with angiosarcoma.

DISCUSSION

Angiosarcomas are malignant neoplasms derived from 
the endothelial cells of arteries, veins, and lymphatics. 
They are classified as WHO grade 3 (or malignant) 
hemangioendotheliomas and belong to the larger class 
of soft tissue sarcomas that make up 1% of the overall 
malignancies in adults.[25] Only 2% of soft tissue sarcomas 
in adults are angiosarcomas.[14] In pediatric patients, 
they constitute an even lower percentage (0.3%) of all 
soft tissue sarcomas.[7] In children, most angiosarcomas 
are seen to arise in the mediastinum, pericardium, and  
heart.[20]

When bone is the source of origin, long bones of 
the extremities are most commonly affected.[22] Less 
commonly, this tumor can arise from the ribs, pelvis, or 

Figure 4: Postoperative computed tomography head (3D) scans 
showing the extent of calvarial resection

Figure 5: Microscopic sections of the tumor showing variable 
cellularity and growth pattern. (a) Cellular spindle cell area ×100 
(b) High-grade, neoplastic spindle cells with mitosis showing 
rudimentary small vessel differentiation ×400. (c) Epithelioid foci 
showing round-to-oval cells with large, prominent nucleoli ×200. 
(d) Congested dilated vessels lined by neoplastic endothelium with 
intraluminal budding ×200. (e) Irregular, anastomosing vascular 
channels lined by flat neoplastic cells ×100. (f) Vascular tumor 
invading and destroying adjacent bone trabeculae ×100
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Figure 3: Pre-embolization angiography showing tumor blush from 
the branches of the left external carotid artery (a), right middle 
meningeal artery (b), right internal carotid artery (c), and the right 
external carotid artery (d)
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vertebrae.[22] The cranium remains an extremely unusual 
site of involvement for angiosarcoma in either children 
or adults. Cranial angiosarcomas have presented as a 
progressively noticeable lump on the head in the majority 
of the previously reported cases in all age groups.[4] If the 
tumor involves the temporal bone, symptoms such as 
tinnitus, hearing impairment, and otalgia may accompany 
the presence of an external deformity.[22] One reported 
patient presented with proptosis because the tumor 
was involving the roof of the orbit and the sphenoid 
and frontal bones.[23] Our patient’s initial presentation 
of temporary left-sided numbness and weakness due to 
parenchymal compression was quite unusual. Also, there 
was no evidence of any cranial asymmetry or external 
deformity on initial presentation.

Diagnosis depends on imaging and pathologic findings. 
A plain skull X-ray typically shows a well-demarcated, 
expansile, lytic mass.[10,24] MRI shows a mass that is 
isointense with grey matter on T1-weighted images. T2-
weighted images depict a hyperintense mass, possibly 
with lobulations or septations.[1] On gadolinum-enhanced 
images, avid contrast uptake is usually seen due to the 
rich vascularity of the lesion.[1] This enhancement might 
not always be present in the setting of immature vascular 
channels.[4] 

Histologic diagnosis relies on the architecture of the 
tumoral tissue and the features of the neoplastic cells. The 
hemangioendotheliomas family of tumors is summarized 
in Table 1. Histology generally shows networks of 
irregular vascular channels lined by plump endothelial 
cells with marked anaplasia.[14,22] The presence of vascular 

endothelial lineage of the cells can be confirmed with 
immunohistochemistry testing for the presence of factor 
VIII-related antigen, CD 34 and CD 31. These markers 
and the presence of pleomorphism help differentiate 
the lesion from meningiomas, intravascular papillary 
endothelial hyperplasia,[23] and epitheliod sarcomas.[1]

The prognosis of angiosarcoma in general is very poor. For 
angiosarcoma involving the central nervous system, a mean 
overall survival of 8 months is reported.[15] The potential 
involvement of the brain in cranial angiosarcoma leads 
to a worse prognosis than other bony angiosarcomas.[23] 
Cranial angiosarcoma also has the tendency to encroach 
on the inner and outer tables of the skull and metastasize 
early in the course of the disease via the rich intradiploic 
blood supply of the skull.[2] The lungs and other bony 
structures seem to be the most common site of spread.[1] 
Given the propensity for early metastasis in cranial 
angiosarcoma, a full systemic evaluation should be 
performed at the time of presentation. Initial evaluation 
should include MRI (for the local lesion), chest X-rays, 
and bone scans (for metastatic evaluation). A follow-
up assessment for metastasis is also imperative, which 
includes bone scans or positron emission tomography 
(PET) scans.[1] 

Treatment of cranial angiosarcoma has not been 
standardized thus far due to the paucity of patients. 
Some authors suggest that these tumors should be treated 
similar to osteosarcomas, with wide surgical excision, 
adjuvant chemotherapy, and radiotherapy.[1,20] Head and 
neck angiosarcomas have also been treated with the same 
modalities, with 5-year disease-free survival reported to be 
between 4% and 33%.[4] Wide surgical resection is the first 
step in managing these patients, but might not be simple 
to undertake. The location of the tumor is always the 
primary determinant in the eventual success of a surgical 
procedure. Skull base lesions might be inaccessible for 
safe, total excision; sometimes, even obtaining a biopsy 
might pose a challenge.[20] Hypervascularity of the lesion 
is another determinant and presurgical embolization has 
been used to make the procedure safer.[22] 

The role of adjuvant or neoadjuvant chemotherapy 
and radiotherapy is less well defined. The results of 
radiotherapy (combined with surgery in some instances) 
have been vague.[2,22] Larsson et al. describe a pediatric 
patient treated with high doses of radiation for tumor of 
the frontal bones and had been alive for 12 years.[13] Local 
control might be enhanced by adjuvant or stand-alone 
radiotherapy and may be a good option for palliation in 
patients where surgery is not a safe option.[1,2] 

Lack of sufficient patient data on the efficacy of 
chemotherapy in patients with cranial angiosarcoma 
makes it difficult to establish standard guidelines.[16] 
Some investigators have successfully treated pediatric 
patients with alpha-interferon.[17] Paclitaxel has been 

Table 1: Grades of hemangioendothelioma depicting the 
histologic spectrum

Grade Histologic characteristics[2,15]

I •	 Abundant	vascular	channels	lined	by	only	
mildly	atypical	neoplastic	endothelial	cells	
and	rare	mitoses.

•	 Remarkably	differentiated	and	uniform	
where	a	regular	net	of	thin	angioblastic	
cords	and	small	tubes	may	be	seen.

II •	 Anaplastic	features	intermediate	between	
grades	I	and	II:	Reduced	numbers	of	
neoplastic	vascular	channels,	prominent	
nuclear	atypia,	and	easily	identifiable	
mitoses

•	 Solid	areas	made	up	of	angioblasts	are	
more	prominent.	

III	(Angiosarcoma) •	 Architecture	very	disordered.	Dramatic	
anaplastic	features:	Dedifferentiation	to	
epithelial	areas	resembling	metastatic	
adenocarcinoma,	fewer	vascular	channels,	
more	striking	nuclear	atypia,	including	
tumor	giant	cells,	numerous	mitotic	figures,	
and	tumor	necrosis.
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shown to have good results in patients with scalp and 
face (soft tissue) angiosarcoma,[3,5,19] but it did not 
prevent pulmonary and bone metastases from a skull 
angiosarcoma as reported by Scholsem et al.[22] 

Recently, there has been increased interest in treatment of 
angiosarcoma with monoclonal antibodies, in particular, 
bevacizumab. The inhibition of the vascular endothelial 
growth factor-vascular endothelial growth factor receptor 
(VEGF–VEGFR) pathway in angiosarcoma has shown 
some promise.[18] In one case report, a patient with 
cutaneous facial angiosarcoma showed partial response to 
bevacizumab alone.[21] Another case report demonstrated 
a dramatic response of cutaneous facial angiosarcoma 
when paclitaxel was combined with bevacizumab.[8] 
Preoperative radiotherapy and bevacizumab has also been 
used for angiosarcoma of the head and neck with decent 
results.[12] 

CONCLUSION

Angiosarcomas are rare and highly aggressive tumors 
of the endothelial cells. Primary cranial involvement 
may be rarely encountered and usually portends a poor 
prognosis. Treatment is ill-defined due to the rarity of 
the pathology and generally consists of a combination 
of aggressive surgical excision, chemotherapy, and/or 
radiotherapy. Further studies need to be undertaken to 
clarify the best therapeutic route to take in these patients 
and to establish guidelines. Our case highlights the fact 
that with an aggressive multidisciplinary management 
protocol, survival greater than 3 years can be seen in 
pediatric patients with PCA.
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