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ABSTRACT

Angiosarcoma is a rare, aggressive subtype of soft-tissue sarcoma with a propensity for local recurrence and metastasis

associated with a generally poor prognosis, unless diagnosed early. Given the vascular endothelial cell origin of

angiosarcoma, tumours may develop in essentially any organ; however, there is a predilection for the skin where half of all

tumours arise, increasing in prevalence with age. The most common risk factors are chronic lymphoedema and history of

radiation. We review the most important radiological findings along the spectrum of angiosarcoma from head to toe

throughout the body, including uncommon and rare locations. Key imaging features of angiosarcoma across multiple

organ systems will be described, as well as the impact on management and prognosis.

INTRODUCTION
Angiosarcoma is an aggressive, malignant endothelial-cell tu-
mour of lymphatic or vascular origin.1–3 It has a high rate of
local recurrence and metastasis.4 Angiosarcoma represents
,1% of all soft-tissue sarcomas, with a generally poor prog-
nosis and overall survival ranging anywhere from 6 to
16 months.3,5–7

Angiosarcoma arises from vascular endothelial cells which
show atypia and can grow along pre-existing vascular chan-
nels, sinusoidal or cavernous spaces. They can also form
poorly organized vessels, solid masses or nodules.8 The
pathological appearance of angiosarcoma varies according to
the tumour grade. Low-grade angiosarcoma displays a small
solid component with low-grade cytology and abundant open
vascular lumina. High-grade lesions are densely cellular and
infiltrative with a high mitotic rate and atypical cells. High-
grade tumours have a variable amount of vascular lumen
formation that can be focal in appearance.8,9

Histopathological identification of angiosarcoma is some-
times challenging because it can be mistaken for other
vascular tumours. In the low-grade form, angiosarcoma
may resemble a haemangioma, whereas the aggressive form
may have overlapping features with anaplastic melanoma
and epithelial carcinomas.4,9

Because angiosarcoma is such a rare entity, most knowl-
edge is derived from case reports or small cohort studies
that are limited by small sample sizes, incomplete data and
diverse treatment approaches.3 In fact, only a few pub-
lished reports include .100 patients. Nonetheless, useful
cumulative information regarding this endothelial cell tu-
mour has been observed.6

Owing to its origin from endothelial cells, angiosarcoma
can develop throughout the body and can occur at any
age.10 However, they are more common in older individ-
uals, with a reported median age between 60 and 71 years;6

there is generally no gender predilection except for cuta-
neous lesions, which have been shown to be more preva-
lent among males.8 The cutaneous form is the most
common, accounting for about half of all tumours, with
the head and neck as the most frequently involved region.11

Specifically, the scalp accounts for approximately 50% of all
angiosarcoma cases, yet this still only comprises ,0.1% of
all head and neck malignancies. Only 10% of all angio-
sarcomas occur in deep soft tissues, and the rest are found
in parenchymal organs such as the breast, bone, spleen and
liver.5,12 Angiosarcoma primarily spreads haematoge-
nously, with the lungs as the most common site for me-
tastases. Metastases also frequently affect the liver
(Figure 8), bones (Figure 2), soft tissues and lymph nodes.3
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There is usually multiorgan involvement at the time of di-
agnosis, often rendering it difficult to ascertain the site of origin
and approach to therapy.10

The classification of angiosarcoma is based on both the site of
origin as well as the underlying risk factors involved. Angio-
sarcoma can be divided into primary cutaneous (in the absence
of lymphoedema or radiation), parenchymal tissue/visceral
(which includes primary breast lesions), deep soft tissue, and
lymphoedema-associated and post-radiation angiosarcomas.3,5

Furthermore, as scientific advances are made in molecular and
genetic biology, angiosarcoma can be genetically discriminated
from other sarcomas with greater potential for improved ther-
apeutic outcomes.5

Herein, this article provides a clinical and imaging review of
angiosarcoma by anatomical site, summarizing the key clinical
and imaging characteristics of this rare cancer.

AETIOLOGY
There are well-established risk factors linked to the development
of angiosarcoma; the two most common are chronic lymphoe-
dema and radiation therapy. Other factors include familial
syndromes, exposure to environmental chemical toxins and
foreign bodies.3,13,14

Chronic lymphoedema, irrespective of its cause (e.g. following
breast cancer treatment, parasitic infections such as filariasis or
Milroy’s disease) is a definite risk factor for angiosarcoma,
a phenomenon given the name Stewart–Treves syndrome.13

Some reports attribute radiation-induced angiosarcoma arising
after the treatment of breast cancer as more likely related to
radiation and/or lymphoedema.3,8

Radiation therapy is another independent risk factor for subsequent
angiosarcoma development, contributing to about one-fourth of all
cases.3,15 This applies to a variety of cancers that may be treated
with radiation (e.g. cervical cancer, endometrial cancer and lym-
phoma) in addition to breast cancer. Large epidemiological studies

have confirmed the increased risk of angiosarcoma following ad-
juvant radiotherapy for breast cancer.3,8 To differentiate it from
lymphoedema-associated angiosarcoma, radiation-induced angio-
sarcoma must fulfil certain criteria including pathological confir-
mation, location within the radiation field and occurrence several
years after treatment with no evidence of chronic lymphoedema.
Post-radiation angiosarcoma arising in sites other than the breast
tends to occur at least 10 years after the diagnosis of the primary
cancer. Conversely, most post-radiation angiosarcoma has been
reported to develop within 5 years after radiation treatment for
breast cancer.8,16

Familial syndromes associated with angiosarcoma include neu-
rofibromatosis type-1, Maffucci syndrome, bilateral retinoblas-
toma, von Recklinghausen syndrome, haemochromatosis and
Klippel–Trenaunay syndrome. Studies have also documented the
ability of angiosarcomas to originate within other lesions such as
port wine stains, haemangiomas and lymphangiomas, albeit
a rare occurrence.3,5,9,16

There is also a link between chemical exposure and angio-
sarcoma which is most evident with hepatic lesions. Some of the
known chemical toxins include the occupational use of vinyl
chloride, iatrogenic exposure to thorium dioxide (Thorotrast®)
for radiological examinations in the past, arsenic containing
insecticides used in agriculture and long-term use of anabolic
steroids.5,17 Additionally, foreign body-associated angiosarcoma
may in part be due to synthetic materials used in grafts or
prostheses (e.g. Dacron®) vs chronic sequelae of an otherwise-
normal foreign body reaction to items such as shrapnel, steel,
surgical sponges and bone wax.5,18

The observation of angiosarcoma in patients with renal trans-
plantation has raised suspicion that immunosuppression may be
a risk factor involved in the development of this tumour. The
exact pathogenesis, however, is unclear, including their pre-
dilection to occur at or near the site of arteriovenous
fistulae.3,5,16,19,20 Despite the suggestion by some epidemiologi-
cal studies that angiosarcoma occurs with increased frequency in

Figure 1. A 43-year-old female with unilateral breast angiosarcoma. Axial T1 weighted images (a) before contrast and (b) after

intravenous contrast administration showing a large irregular hypointense heterogeneously enhancing mass that near completely

replaces the right breast. The mass extends to appear to involve the nipple/areolar complex (arrows).
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patients with acquired immune deficiency syndrome, the exact
role that immunosuppression plays in its pathogenesis is still not
clear.3,8,19,21

CLINICAL FEATURES AND IMAGING FINDINGS
We illustrate an overview of angiosarcoma according to their
anatomical sites. In each category, there is a concise review of the
clinical presentation and prognosis, with a special emphasis on
the imaging features and utility of various imaging modalities.

Angiosarcoma of the head and neck
Approximately 60% of angiosarcoma occurs in the head and neck,
making this the most common site. The locations most often
encountered in the head and neck are the scalp (Figure 3), fol-
lowed by the face and then the neck, often with a multifocal
presentation (Figure 3). These tumours—also known as Wilson–
Jones angiosarcoma, senile angiosarcoma or malignant angioen-
dothelioma—are primarily found in elderly persons.22 Patients
often present with skin lesions such as an enlarging bruise, a dis-
coloured nodule or persistent ulceration. In the early stages, these
lesions can be misdiagnosed for benign entities caused by cellulitis,
infection or skin injuries. The differential diagnosis includes

haemangioblastoma, Kaposi sarcoma, metastatic cancer from an
unknown primary site, sinonasal squamous-cell cancer and Merkel
cell carcinoma.23

MRI features include intermediate T1 signal intensity with pos-
sible areas of hyperintensity indicating the presence of haemor-
rhage and high T2 signal intensity (Figure 3). The most diagnostic
finding is the presence of high-flow serpentine vessels (low signal
intensity on both T1 and T2 weighted images) in an otherwise
solid non-specific soft-tissue mass. Low flow vessels, however,
may show hyperintensity on T2 weighted images. Angiosarcoma
demonstrates enhancement after intravenous contrast adminis-
tration and may show non-enhancing areas reflecting tumour
necrosis.4 Although these imaging features are relatively non-
specific, they often indicate malignancy and should prompt bi-
opsy for further characterization.

Primary brain angiosarcoma is exceptionally rare, with only
isolated cases reported in the literature. The imaging appearance
is non-specific and differential diagnosis includes glioma, cav-
ernoma and haemorrhagic metastasis.24 Similar to previously
reported cases,25 we present one case of a primary brain

Figure 2. A 47-year-old male with left chest wall angiosarcoma and left forearm metastases. Contrast-enhanced axial CT (a) image

of the upper chest shows a large heterogeneous soft-tissue mass of the left anterior chest wall (white arrow). Forearm radiograph

(b) demonstrates a lucent lytic lesion of the left proximal radius with soft-tissue swelling (black arrow). Axial T1 weighted MR image

of the left forearm with intravenous contrast (c) shows an associated large heterogeneous enhancing soft-tissue mass of the flexor

compartment (black-and-white arrow).

Figure 3. A 60-year-old male with cutaneous angiosarcoma of bilateral forehead. Axial (a) and sagittal (b) T2 weighted MR images

show multifocal high signal intensity lesions arising from the skin of the forehead bilaterally (arrows). The lesions have exophytic

components with associated osseous destruction of the outer table of the skull. No intracranial masses or extension.
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angiosarcoma that exhibits inhomogeneous signal intensity on
T1 weighted images with a focus of enhancement after contrast
administration (Figure 4). Mixed signal intensity on T1 and T2
weighted images is thought to represent degraded blood prod-
ucts at different stages.24

Soft-tissue angiosarcoma (extremities, peritoneum,
retroperitoneum and body wall)
The term “soft tissue” is a broad one that implies lack of solid
organ origin and includes the deeper subcutaneous tissues, soft
tissues of the upper and lower extremities, the abdominal and
chest wall, peritoneum, retroperitoneum and mediastinum.9

Clinically, angiosarcoma of the extremities (Figures 5 and 6),
and chest or abdominal wall (Figure 2), usually present as
rapidly growing palpable masses, whereas deeper masses such as

peritoneal (Figure 7), retroperitoneal and mediastinal tend to
present more with pain or discomfort related to mass effect.3

These tumours can occur at any age; however, they are more
prevalent in older patients between the ages of 60 and 70 years.23

If left untreated, the tumour can enlarge to 20 cm or more. As
the tumour size increases, ulceration, haemorrhage and oedema
can develop.3 Even with radical surgical resection, the presence
of multifocal disease and tissue infiltration often result in pos-
itive margins and local recurrence.26

On contrast-enhanced CT, soft-tissue angiosarcoma may manifest
as an irregular, enhancing soft-tissue mass. In more advanced cases,
underlying bone or adjacent solid organ invasion may be present
(Figures 2 and 5).23 Soft-tissue calcifications can also be seen.

Figure 4. A 61-year-old male with biopsy-proven primary brain angiosarcoma. Axial T1 weighted images before (a) and after (b)

intravenous contrast demonstrate a roughly well-defined lesion in the right occipital lobe. The lesion has heterogeneous signal

intensity with hyperintense components due to the presence of blood degradation products. A small nodule of enhancement seen

posteriorly (arrow).

Figure 5. Two different patients with soft-tissue (a) and osseous angiosarcomas (b, c). (a) Axial T2 weighted MR image in a 63-year-

old male with right thigh soft-tissue angiosarcoma. It demonstrates a large, well-defined, lobulated, solid, heterogeneous mass

involving multiple muscles in the anterior compartment of the right thigh (white arrows). No underlying bone abnormality. (b, c)

Plain radiograph and axial T2 weighted MR image in a 29-year-old male with angiosarcoma of the left femur. The plain radiograph

(b) of the left femur demonstrates a large, expansile lytic lesion centred in the left femoral neck with associated pathological

fracture and soft-tissue swelling. The axial T2 weighted MR image of the hip (c) shows a large, heterogeneous expansile aggressive

tumour of the left proximal femur with extensive intramedullary involvement and pathological fracture as well as extension into the

surrounding soft tissues (black arrows).
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On MR, the signal characteristics include bright signal intensity
on T2 weighted and intermediate signal intensity on T1 weighted
images, with invasion of the surrounding tissues (Figure 5). Foci
of high signal intensity indicating adjacent haemorrhage can also
be seen on T1 weighted images.23 Vessels within the tumour may
demonstrate high flow (low signal intensity on all pulse sequen-
ces) or low flow (increased signal intensity on T2 weighted
images). There is tumour enhancement after administration of
intravenous gadolinium-based contrast, potentially with central
areas of necrosis (Figures 2 and 6).2 High soft-tissue vascularity
and perfusion result in an increased rate of enhancement.4 On
diffusion weighted imaging, there is a very low apparent diffusion
coefficient, which is characteristic of soft-tissue malignancies.23

Angiosarcoma may appear as a plaque-like subcutaneous mass in
the background of an enlarged extremity with oedema which
represents underlying lymphoedema (Figure 6).4

On positron emission tomography (PET) imaging, avid
fluorine-18 fludeoxyglucose (18F-FDG) uptake is usually seen.27

Angiosarcoma of the breast
Primary angiosarcoma of the breast is not common and is of un-
known aetiology. It refers to those tumours that arise within the
breast parenchyma as opposed to lesions from the overlying skin. It
represents only 0.04% of all breast tumours and about 8% of breast
sarcomas.18 Primary breast angiosarcoma is highly aggressive and
tends to affect younger females, usually presenting as a palpable
mass.28 Secondary breast angiosarcoma most often occurs follow-
ing local radiation therapy with a latent period between 5 and
6 years.29,30 In addition, chronic lymphoedema of the breast is
a risk factor for secondary breast angiosarcoma.14 Primary breast
angiosarcoma has an unfavourable prognosis with a 5-year survival
between 8% and 50%.18 Secondary angiosarcoma tend to have
a poor prognosis. Five-year overall survival rate for radiation-
associated angiosarcoma (RAS) ranges from 10–54% where local
recurrence is seen in 45–64% of patients and results in a 25–30%
mortality rate. Distant metastases are diagnosed in 27–42% of
patients and are associated with a 75–89% mortality rate. Some of
the prognostic factors affecting the outcome include completeness
of surgical resection, patient’s age, and tumour size. Local re-
currence is an adverse prognostic indicator and is often associated

with distant metastases.29,30,31 Surgical resection (mastectomy or
lumpectomy), chemotherapy and irradiation are among treatment
options for breast angiosarcoma.18

The imaging findings for breast angiosarcoma are varied and
sometimes absent altogether, making diagnosis challenging.
Mammography may show a solitary ill-defined uncalcified mass
ranging in size from 3 to 6 cm in primary angiosarcoma while
ultrasound shows predominantly hypoechoic solitary or multiple
masses.32 However, hyperechoic masses have also been associated
with angiosarcoma.33 In secondary angiosarcoma, mammographic
findings are often non-specific, with skin thickening sometimes as
the only relevant finding. It may be difficult to differentiate dermal
lesions from skin thickening secondary to radiation.29,32

Since mammographic and sonographic findings can be non-specific,
MR may be more helpful in characterizing these lesions.28 In pri-
mary angiosarcoma, MRI features include a heterogeneous mass of
low signal intensity on T1 weighted and high signal on T2 weighted
images. On dynamic post-contrast imaging, the tumours show rapid
enhancement (Figure 1) with varying washout kinetics according to
the tumour grade. High-grade tumours commonly show rapid
washout, whereas lower grade tumours usually exhibit persistent or
plateau enhancement curves.32,34 High signal haemorrhagic foci on
T1 weighted images can be seen with high-grade tumours.29

Chikarmane et al35 studied MRI characteristics of radiation-induced
breast angiosarcoma. Diffuse T2 high-signal skin thickening was
noted in all of the 16 patients studied. Low T2 signal intensity
lesions were seen in six patients. All lesions showed rapid en-
hancement on contrast-enhanced T1 weighted images. Four patients
showed breast parenchymal masses on mammography and MRI.

18F-FDG PET/CT shows intense metabolic activity in primary
and secondary breast angiosarcoma, valuable both for initial
evaluation and restaging.36

Cardiac and pulmonary artery angiosarcoma
Angiosarcoma is the most-common differentiated malignant neo-
plasm of the heart and accounts for 10–15% of primary cardiac
malignancies.37 Approximately 80% of cardiac angiosarcoma cases

Figure 6. A 69-year-old malewith chronic lymphoedema-induced angiosarcoma of the right forearm. The patient has a history of radical

mastectomy and chronic lymphoedema. (a) Ultrasound image with Doppler of the right forearm shows diffuse soft-tissue mass with

heterogeneous echotexture and increased vascularity (white arrows). Axial T1 weighted MR images (b) without and (c) with intravenous

contrast demonstrate diffuse soft-tissue oedemawith diffuse, extensive, infiltrative cutaneous and subcutaneousmultinodular soft-tissue

tumour along the volar tissues of the right forearm with involvement of underlying fascia and musculature (black arrows).
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originate in the right atrium near the atrioventricular groove
(Figure 8). Patients often present with dyspnoea and chest pain as
well as hypotension, tachycardia and syncope.37 because there is
asymmetric involvement of the right heart, symptoms can be sec-
ondary to right-sided diastolic dysfunction and cardiac tamponade.38

Superior vena cava syndrome is a reported complication of cardiac
angiosarcoma, and when recalcitrant to treatment approaches, pal-
liative superior vena cava stenting may be considered.39

The differential diagnosis is broad and includes metastases, myxoma,
thrombus, lymphoma, myxosarcoma and rhabdomyosarcoma.40,41

The prognosis is very poor with a mean survival of 3 months to
4 years. Because cardiac angiosarcoma is refractory to treatment,
local recurrence and metastases (Figure 8) are seen usually
within 1 year of attempted treatment. Treatment options include
chemotherapy and palliative radiation. Palliative surgery may
also prolong survival.5

Macroscopically, cardiac angiosarcoma has irregular borders and
often invades the adjacent pericardium.42 There are two patterns
of growth of cardiac angiosarcoma: (1) a well-defined mass with
haemorrhagic and necrotic components that extend from the

Figure 7. A 67-year-old male patient with primary peritoneal angiosarcoma presenting with haemoperitoneum. Contrast-enhanced

CT images at presentation (a–c) show a diffuse peritoneal-based process with multifocal serosal implants on the liver (a, b) and

large-volume high-attenuation peritoneal fluid consistent with haemorrhage. CT follow-up 1 month later (d) shows rapid

progression of the heterogeneous peritoneal-based masses.

Figure 8. A 68-year-old female with cardiac angiosarcoma, hepatic and splenic metastases. Contrast-enhanced axial CT chest image

(a) and axial bright-blood (b) MR images showing large discrete, soft-tissue mass that extends from the right atrial pericardium into

the right atrium (black arrows). The mass occupies most of the right atrial cavity. Axial CT image of the upper abdomen (c)

demonstrates multiple hypodense, peripherally enhancing lesions in the liver and spleen, consistent with metastatic disease

(white arrows).
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pericardium into the cardiac chamber and (2) a diffusely in-
filtrating mass with extension from the pericardium,37 with or
without epicardial extension.43

On chest radiography, the most common finding is car-
diomegaly. Other potential abnormalities include widened me-
diastinum, right-sided heart enlargement and hilar
adenopathy.44 CT demonstrates a predominantly, highly vascu-
lar right atrial mass (Figure 8) that involves the cardiac cham-
bers and may be nodular or irregular.44,45

Cardiac angiosarcomas are usually isointense on T1 weighted
and hyperintense on T2 weighted MR images (Figure 8) and may
demonstrate an irregular pattern of enhancement.46 Typically,
they exhibit a tubular morphology and have internal flow voids,
and they may have a characteristic lobulated “cauliflower”
configuration (Figure 8).43 On gradient echo T1 weighted
sequences, the hypointense layer with phase shift is thought to
represent susceptibility effect secondary to haemorrhage within
the tumour due to its highly vascular nature.40,46 In addition,
a characteristic “sunray” appearance of pericardial involvement
on contrast-enhanced MRI has been described.47 On steady-
state free precession images, angiosarcomas appear hyperintense
relative to the myocardium. Haemorrhage and necrosis are seen
as foci of high and low signal intensities within the tumour on
steady-state free precession images, respectively.38

Pulmonary artery angiosarcoma (Figure 9) is rare, and its
identification is often delayed due to misdiagnosis as bland

pulmonary embolism with subsequent anticoagulation.8,48 Pul-
monary artery sarcomas have a poor prognosis, with more than
half of the patients surviving less than 1 year.49 Pulmonary
artery angiosarcoma is typically detected during contrast-
enhanced CT chest imaging. CT imaging demonstrates a fill-
ing defect within the main pulmonary arteries that appears
similar to pulmonary thromboembolism (Figure 9). Both enti-
ties have similar clinical and diagnostic features. However, CT
features that are diagnostic of sarcoma over pulmonary embo-
lism include an irregular low-attenuation filling defect with
enhancement and extravascular extension (Figure 9).48,50

Hepatic angiosarcoma
Hepatic angiosarcoma is uncommon and accounts for only 2%
of all primary hepatic malignancies, but it is the most common
malignant mesenchymal tumour of the liver.8,51 It pre-
dominantly affects patients aged 50–70 years, with a slight male
predilection.52 In the majority of cases of primary hepatic
angiosarcoma, no obvious risk factor can be identified.
However, it is reported that the tumour has an association
with environmental, iatrogenic and occupational exposure to
certain carcinogens. These include thorium dioxide, vinyl
chloride, arsenic and radiation. Haemochromatosis and von
Recklinghausen disease are also known to be linked to
angiosarcoma.3

As with other aggressive hepatic tumours, the most common
presentation is abdominal pain, weakness, fatigue and weight
loss with jaundice, hepatomegaly and ascites.19 These tumours
have a very poor prognosis, with a median survival reported to
be just 6 months.53 Metastases are commonly observed at the
time of presentation, with the lungs and spleen being the most
frequent sites.54 Portal vein thrombosis, Budd–Chiari syndrome
and arteriovenous shunting-related high-output heart failure are
some of the complications of hepatic angiosarcoma.55 Moreover,
spontaneous rupture of tumours with massive intra-abdominal
bleeding has been seen in multiple cases.56 Hepatic angio-
sarcomas are known to increase risk for haemorrhage after
percutaneous liver biopsy.

The gross pathology and imaging findings of hepatic angio-
sarcoma can show four different patterns: multiple nodules
(Figure 8), a large dominant mass (Figure 10), a combination of
dominant mass and smaller nodules (Figure 11), and rarely,
a diffusely infiltrating micronodular tumour.57–61 The two pre-
dominant patterns are large solitary mass and multifocal
lesions.62

The CT appearance of angiosarcoma of the liver is consistent
with that of an aggressive vascular tumour (Figures 10 and 11).54

Unenhanced CT demonstrates a predominantly hypoattenuating
mass when compared with the surrounding liver parenchyma,
with or without hyperattenuating foci, known to reflect
haemorrhage.1,52,63 Hepatic angiosarcoma resulting from tho-
rium dioxide exposure produces distinct imaging findings of
a hypoattenuating mass on unenhanced CT with hyper-
attenuating linear meshwork appearance characteristic of re-
sidual Thorotrast, as well as a dense spleen and lymph nodes
resulting from the agent (Figure 11).52,62

Figure 9. A 74-year-old male with angiosarcoma of the

pulmonary artery. Axial CT angiography demonstrates massive

filling defects in the main pulmonary artery, right and proximal

left pulmonary arteries, simulating large pulmonary thrombo-

embolism. Nodular borders, infiltration and enhancement help

in distinguishing the mass from a bland thrombus.
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On contrast-enhanced CT, large dominant masses exhibit het-
erogeneous enhancement, which indicates central necrosis and
fibrotic change (Figure 10). Small nodular lesions usually appear
as hypoattenuating areas with some enhancing foci (Figure 10).
Irregular or ring enhancement can also be seen (Figure 11). The
enhancement is usually less than that of the aorta in the early
phases with delayed progressive enhancement.64,65

On MRI, angiosarcoma has a heterogeneous appearance that
reflects areas of haemorrhage, fibrosis and necrosis (Figure 10).64 If

a dominant mass is present, the internal architecture is hyperintense
on T2 with internal septae that are hypointense. T1 weighted images
show low-intensity lesions with focal areas of increased signal due to
haemorrhage. Angiosarcoma demonstrates a wide range of appar-
ent diffusion coefficient (ADC) values, which is due to their het-
erogeneous composition. Lower ADC values may be attributed to
haematoma, intermediate to progressively enhancing foci that may
represent vascular channels and high values secondary to diffusion
within cystic necrosis. There can be significant variability in the
ADCmap of different lesions, including those of the same patient.64

Figure 10. A 54-year-old female with primary hepatic angiosarcoma. T1 weighted post-contrast MR images during arterial (a), portal

venous (b) and delayed (c) phases show a dominant mass at the medial liver dome demonstrating progressive nodular

enhancement that is similar to blood pool and resembles a cavernous haemangioma. However, multiple additional lesions are

present, with a somewhat more irregular pattern of progressive enhancement. Similar to other vascular tumours, the masses are

predominately hyperechoic at ultrasound (d). Contrast-enhanced CT images several months later in portal venous (e) and delayed

(f) phases show marked interval tumour growth but with haemangioma-like enhancement pattern retained.

Figure 11. A 64-year-old female presenting with hepatic angiosarcoma, over 50 years after exposure to thorium dioxide

(Thorotrastâ). Abdominal radiograph (a) shows dense, shrunken spleen and dense abdominal lymph nodes compatible with prior

Thorotrast exposure. Contrast-enhanced CT in the arterial phase (b) shows the same splenic and nodal findings plus multifocal

hypervascular liver lesions, demonstrating both nodular and ring-like enhancement patterns.
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Several studies evaluated the dynamic enhancement of hepatic
angiosarcoma on multiphasic CT and MRI.52,54,64,66 The largest
case series published to date was conducted by Pickhardt et al64

and included 35 patients with biopsy-proven hepatic angio-
sarcoma. The findings of this study described the tumour en-
hancement in different phases of the dynamic post-contrast study.
The lesions showed small foci of heterogeneous hyperenhacement
on the first post-contrast phase that progressively expand on the
subsequent phases, and typically follow blood pool with regard to
CT attenuation and MR signal intensity (Figure 10). Other com-
mon findings were large hypovascular regions within the domi-
nant lesions in addition to smaller hypovascular nodules (Figures
10 and 11). Smaller studies by Bruegel et al66 and Koyama et al52

showed progressive heterogeneous enhancement in most instances
with multiphasic CT and/or MR.

The characteristic tumour progressive enhancement that follows
the blood pool can sometimes resemble cavernous haemangio-
mas (Figure 10).1,67–69 However, the typical enhancement of
hepatic angiosarcoma is of less attenuation than the aorta and
hepatic artery; this is in contrast to haemangiomas that have
regions of enhancement similar to the aorta during all phases of
imaging.68,69 Additionally, enhancement of angiosarcoma is
more irregular and disordered, even when there is progressive fill
in from the periphery of the tumour (Figure 10). In their study,
Pickhardt et al64 described centrifugal enhancement or a “re-
verse haemangioma” pattern and a complex mixture of pro-
gressive centripetal and centrifugal enhancement in cases of
hepatic angiosarcoma. With precise review of the enhancement
pattern, distinction from benign haemangiomas is typically
possible.

On 18F-FDG PET CT, angiosarcoma is 18F-FDG avid and PET is
generally used for detection of distant metastases, which are
usually present at the time of presentation.11,70

In summary, cross-sectional imaging findings of hepatic angio-
sarcoma reflect the highly variable histopathological composition
of angiosarcomas. Typical imaging features include multifocal,
heterogeneous internal architecture often containing haemorrhage
within large lesions; disordered, patchy arterial phase enhancement
pattern is progressive during the later phases.64

Splenic angiosarcoma
Primary angiosarcoma of the spleen is very rare and is slightly
more common in males (Figure 12). Patients may present with
constitutional symptoms, abdominal pain from splenomegaly,
anaemia and thrombocytopaenia.71,72 Splenic angiosarcoma has
a 6-month survival rate of 20%.73 In cases of splenic rupture, the
mean survival is only 4–5 months.74,75 Splenic angiosarcoma is
usually treated with splenectomy because of the high risk of
splenic rupture. However, treatment for splenic angiosarcoma is
rarely curative due to the aggressive nature of the tumour.71

Splenectomy may expand the mean survival time to 14 months,
emphasizing the value of prompt diagnosis.76

Many imaging modalities can be used for evaluating splenic
angiosarcoma. Ultrasonography is often the initial imaging
modality.71,77 The reported ultrasonography features include
variable presence of splenomegaly with splenic masses of mixed
echogenicity and increased internal Doppler flow.71,78,79

On CT, splenic angiosarcoma masses enhance heterogeneously
with areas of necrosis (Figure 12); hyperdense haemorrhage may
be seen within the tumour on non-contrast images or as
extrasplenic in the event of rupture. On MR, areas of in-
terspersed increased and decreased signal intensity reflect foci of
solid tumour with areas of necrosis.71 Early spread to the liver
may make determination of primary site difficult (Figure 12).

Osseous angiosarcoma
Angiosarcoma of the bone is rare and accounts for ,1% of
primary bone tumours.80 Approximately 6% of angiosarcomas
originate in the bones.81 The peak incidence is in the third to
fifth decades of life, and two-thirds of affected patients are
males.58 The most common presenting symptom is swelling at
the affected site with associated pain. Pathological fractures are
common.59 Osseous angiosarcoma can occur in any bone type
but the majority (60%) occurs in long bones, with the tibia
being the most common site, followed by the femur, humerus
and pelvis.82 The majority present as solitary tumours, but ap-
proximately one-third are multifocal.59

Osseous angiosarcoma is managed by surgical resection when
possible, often combined with chemoradiation therapy.83 Risk

Figure 12. A 62-year-old male with splenic angiosarcoma. (a) Unenhanced and (b) contrast-enhanced CT images show marked

splenomegaly with irregular peripheral enhancement (b). Multiple liver lesions are also present, presumably from metastatic spread.
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factors for osseous angiosarcoma include history of prior radiation
and/or lymphoedema at the tumour site, surgical implants near
the tumour site, a previous bone infarction and Paget’s
disease.59,84,85 The tumour has a poor prognosis with one study
reporting 66% of cases having distant metastases at the time of
diagnosis and 5-year survival rate of 60%.81 Factors that negatively
impact survival include intermediate- or high-grade tumours and
tumours arising in an irradiated field.58

Typically, osseous angiosarcoma is initially detected on conven-
tional radiography. The radiographic appearance is variable, but
most exhibit a destructive, lytic pattern on radiographs without
a sclerotic margin, which may be an indicator of aggressiveness
(Figure 5).86 If the tumour is low grade, the bone may be ex-
panded. High-grade tumours typically exhibit extension through
the cortex and involvement of the regional soft tissues (Figure 5).86

Multicentric lesions may show a soap-bubble appearance with
involvement of multiple adjacent vertebrae in the spine and ex-
tension up and down the cortex of a long bone.59

CTappearance is variable, demonstrating similar patterns overall
to that seen on radiography.86 MRI appearance is compatible
with an aggressive tumour associated with T1 hypointensity,
heterogeneous T2 hyperintensity and irregular contrast en-
hancement (Figure 2 and 5). The lesions may exhibit peripheral
vascularity.82 In addition, fluid–fluid levels may be present due
to necrosis and haemorrhage.87 Cross-sectional imaging features
are not specific enough to distinguish angiosarcoma from other
similar primary osseous malignancies such as haemangioper-
icytoma and haemangioendothelioma.82 Therefore, tissue sam-
pling is crucial for accurate diagnosis. Skeletal scintigraphy
(99mTc-methylene diphosphonate) and 18F-FDG PET can be
used to assess for multifocality, where a high degree of uptake
is seen.86

Rare locations
Since angiosarcoma originates from vascular endothelium, it can
arise anywhere in the body.

Angiosarcoma of the gastrointestinal tract is very rare and can
present as a primary lesion or metastatic disease.88 Case reports
in the literature discuss the pathological characteristics of these
tumours but not their radiological characteristics.

Angiosarcoma of the urinary bladder is also an extremely rare
and poorly characterized tumour. Patients usually present with
pelvic pain and gross haematuria. CT and MRI demonstrate
a large highly vascular mass with irregular margins. The tumour
can protrude into the bladder lumen as well as extend into the
extravesical region. Hydronephrosis, hydroureter and distant
metastases are known associations.89

Angiosarcoma of the base of the penis is a rare entity that has been
mentioned in only a few isolated case reports (Figure 13).90–92

Total penile amputation may be needed due to high propensity for
local recurrence, even for a superficial lesion.92

Primary testicular angiosarcoma is a rare tumour in males seen at
all ages. It can be classified into two subgroups: one group

comprised of young people in association with teratoma and the
other occurring in older individuals without prior tumours. The
latter may occur in association with chronic hydrocele.93 No im-
aging features have been reported for these tumours. Angio-
sarcoma arising in the spermatic cord can also be rarely seen
(Figure 13).

ANGIOSARCOMA METASTASES
Regardless of its site of origin, angiosarcoma has a high tendency
for metastatic multifocal disease.9,94 The dissemination of this
tumour is predominantly haematogenous, early and aggressive.
The lung is the most frequent site for metastatic angiosarcoma.
Other frequent sites include the liver, bone and lymph nodes.9,95

As for the radiological appearance of metastatic angiosarcoma of
the lungs, chest radiography shows bilateral peripheral solid
nodules that are difficult to distinguish from those caused by
other metastatic tumours. The most common CTmanifestations
are multiple solid nodular lesions, followed by multiple thin-
walled cysts. Most of the solid lesions show inhomogeneous
enhancement. In addition, mixed pattern tumours have been
described, where both solid nodular and cystic lesions are seen
concomitantly. Hilar adenopathy, punctate calcification, pneu-
mothorax and pleural effusions have also been described in
some patients with angiosarcoma lung metastases.94,95

Either of these presentations, solid or cystic, can often be
observed with haemorrhagic change, which is considered

Figure 13. 59- and 63-year-old males with penile and spermatic

cord angiosarcomas. Contrast-enhanced axial CT images in

two different patients with penile (a) and left spermatic cord

angiosarcomas. There are heterogeneous diffusely infiltrative

masses that involve the penis and encase the urethra in the

first patient (a) as well as the left spermatic cord in the second

patient (b) (arrows).
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a characteristic finding in metastatic angiosarcoma. Haemor-
rhagic changes may be due to the fragility of the neovascular
tissue, which predisposes vessels to thrombosis and rupture.
Radiologically, these haemorrhagic complications may
present as air–fluid levels in thin-walled cysts, diffuse pul-
monary infiltrates, haemothorax or areas of ground-glass
attenuation.95

When discussing metastatic angiosarcoma of the liver, the
common CT findings include multiple hypoattenuating lesions
relative to the adjacent liver parenchyma. This is often associated
with nodular enhancement and cystic attenuation with hae-
morrhagic change (e.g. fluid levels). On T1 weighted MR images,
these tumours appeared heterogeneous and hypointense relative
to adjacent liver parenchyma. Most show minimal peripheral
enhancement after administration of intravenous gadolinium
contrast.96

Few studies are available that have described the radiological
presentation of metastatic angiosarcoma in the bone. Studies
carried out on large cohorts or that have documented skeletal
findings or metastatic pattern in the bone are not available.97

These reports are limited to case studies and several were sec-
ondary to primary angiosarcoma of the spleen despite being an
uncommon site for primary tumours.97–99

In one study of a patient with primary splenic angiosarcoma,
where pelvic MRI was followed by consecutive axial CT im-
aging at corresponding sacral levels, the radiographical findings
presented as well-circumscribed osteosclerosis and, to a much
lesser extent, osteolytic lesions.97 Furthermore, cortical
breaching was minimal. These authors conclude that MRI did
not provide significant additional information in the discrim-
ination of the disease and found MR T2 weighted images to
be insensitive for many of the osteoblastic lesions, whereas
T1 weighted images depicted most lesions but not all lesions
already clearly visible by CT. Thus, they favour its application
in follow-up imaging for the evaluation of treatment
response.97

Another study of a patient diagnosed with primary breast
angiosarcoma revealed multiple well-defined bone lesions in
the pelvis and lower spine, with high signal intensity on T2

weighted images and low signal intensity on T1 weighted
images. These lesions showed persistent contrast enhancement
on more delayed phases, suggestive of metastases, and were
confirmed by CT-guided biopsy.100 According to this
study, MRI was a more useful tool in identifying osteoblastic
bone metastases that were not detected on CT scan or
PET/CT.100

ANGIOSARCOMA MANAGEMENT
By and large, angiosarcomas have a poor prognosis with
reported 5-year survival rates ranging from 12% to 35%.101

Treatment options include surgery, radiotherapy and chemo-
therapy, but outcomes vary widely and are impacted by site, size,
resectability and tumour type (i.e. de novo vs radiation in-
duced).101 Angiosarcomas of the scalp, compared with other

sites, have a particularly poor prognosis with significant re-
duction in overall survival. Although angiosarcomas secondary
to prior radiation have improved outcomes in some studies,
other research contradict this finding.101

The mainstay of treatment has traditionally been wide-margin
surgical resection. However, this approach alone is problematic
in cases that are non-resectable (as is often the case in lesions of
the scalp).102 Furthermore, it has generally resulted in poor
outcomes.101 Thus, some studies have advocated for a more
aggressive local multimodality approach that entails both sur-
gical resection and radiotherapy whenever possible, citing im-
proved survival rates.101 In one series, the median overall
survival is about 36 months after adjuvant radiotherapy com-
pared with 9 months without adjuvant radiotherapy, whereas in
another, the 5-year overall survival is about 45% with adjuvant
radiotherapy and about 20% with surgical resection alone.103 It
is important to note that angiosarcoma of certain sites require
specific considerations. For instance, lesions of the liver may
benefit from embolization.102

As for adjuvant chemotherapy in the treatment of angio-
sarcoma, there remains some controversy with respect to its
therapeutic role, as well as little agreement on the choice of
agents.104,105 The most common chemotherapeutic drugs
(targeting cytokines and their receptors) are Adriamycin®,
ifosfamide, cyclophosphamide, vincristine, and dacarbazine,
and paclitaxel is also typically administered weekly.105

Radiation-induced angiosarcomas seemed to fare as well to
therapy as those that arose spontaneously.102 For recurrent
cases of angiosarcoma, taxanes and pegylated liposomal
doxorubicin have shown significant response rates. New and
emerging therapeutic options are still under study, the most
notable of which are the role of angiogenetic agents. Out of
these numerous pro-angiogenetic factors, vascular permeabil-
ity factor could be of major importance in the future of
angiosarcoma management.102,103

CONCLUSIONS
Angiosarcoma is a rare, highly aggressive tumour that can affect
any organ in the body but appears most commonly in its cu-
taneous form, which accounts for nearly 50% of all tumours
reported. It has a rather poor prognosis, particularly when the
patient is diagnosed with metastases at initial presentation, as is
often the case. The aetiology is typically unknown but there are
definite risk factors that have been identified for angiosarcoma;
the two most important are the presence of chronic lymphoe-
dema and prior radiation therapy. Other risk factors include
environmental carcinogens (vinyl chloride, thorium dioxide and
arsenic), foreign bodies such as synthetic grafts and certain fa-
milial syndromes. Multimodality imaging is necessary for proper
staging and management. However, accurate radiological di-
agnosis of angiosarcoma is as much of a challenge as its treat-
ment. What is certain, however, is that the radiological
presentation is quite variable. Early diagnosis can be improved
by correlation for risk factors, particularly in cases where the
radiological findings suggest the presence of a vascular tumour
with aggressive features.
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