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Abstract The classification of vascular bone tumors
remains challenging, with considerable morphological over-
lap spanning across benign to malignant categories. The vast
majority of both benign and malignant vascular tumors are
readily diagnosed based on their characteristic histological
features, such as the formation of vascular spaces and the
expression of endothelial markers. However, some vascular
tumors have atypical histological features, such as a solid
growth pattern, epithelioid change, or spindle cell morphol-
ogy, which complicates their diagnosis. Pathologically,
these tumors are remarkably similar, which makes differen-
tiating them from each other very difficult. For this rare
subset of vascular bone tumors, there remains considerable
controversy with regard to the terminology and the classifi-
cation that should be used. Moreover, one of the most
confusing issues related to vascular bone tumors is the
myriad of names that are used to describe them. Because
the clinical behavior and, consequently, treatment and prog-
nosis of vascular bone tumors can vary significantly, it is

important to effectively and accurately distinguish them
from each other. Upon review of the nomenclature and the
characteristic clinicopathological, radiographic and genetic
features of vascular bone tumors, we propose a classifica-
tion scheme that includes hemangioma, hemangioendothe-
lioma, angiosarcoma, and their epithelioid variants.
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Introduction

The vast majority of both benign and malignant vascular
bone tumors are readily diagnosed based on their character-
istic histological features, such as the formation of vascular
spaces and the expression of endothelial markers. However,
some vascular tumors have atypical histological features,
such as a solid growth pattern, epithelioid change, or spindle
cell morphology, which complicates their diagnosis [1]. For
this rare subset of vascular tumors, there remains consider-
able controversy with regard to the terminology and the
classification that should be used [2, 3].

For example, Evans et al. [3] argued that epithelioid
hemangioma is not a distinct tumor entity, but rather a
misdiagnosed hemangioendothelioma, a tumor that, unlike
hemangioma, has metastatic potential. Furthermore, heman-
gioendothelioma of the bone is not listed as a distinct
diagnostic entity in current classification systems [4].

Although the genetic hallmark of vascular tumors is still
under investigation, we think that a better understanding of the
molecular signature of vascular bone tumors may help to refine
the present classification system based on immunophenotype
alone. To date, only epithelioid hemangioendothelioma has
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been characterized by a specific chromosomal translocation
involving chromosomes 1 and 3 [t(1;3)(p36.3:q25)], which
represents a characteristic rearrangement for this histopatho-
logical entity [5].

In the most recent World Health Organization classifica-
tion, vascular bone tumors are categorized as hemangioma
or angiosarcoma, with hemangioendothelioma being sub-
sumed by the latter [6]. This review focuses on the clinico-
pathological, radiographic, and genetic features of vascular
bone tumors with the intent to clarify the classification of
these rare entities.

Hemangioma

Skeletal hemangiomas are benign lesions consisting of new-
ly formed and anomalous blood vessels. They may occur in
patients at any age, but prevalently in adolescents and young
adults. Lesions have often been present for many years and
it is therefore likely that many examples are congenital [4,
7]. Bone hemangiomas are relatively common in the spine
and the skull, occurring in the vertebrae of approximately
10% of the adult population [8]. By contrast, they are rare in
other axial bones and in the appendicular skeleton and
account for less than 1% of all primary bone tumors [8].
In the spine, the hemangioma is usually located in the
thoracic and lumbar regions, rarely involving more than
one vertebra. It involves primarily the vertebral body, occa-
sionally extending to the posterior arch. Hemangiomas are
more common in female subjects by a ratio of 3:2 [9].

The majority of vertebral and skull hemangiomas are
small and are discovered as incidental findings on imaging
studies, obtained for unrelated reasons [7]. Rarely, the ver-
tebral hemangioma causes severe pain and may be associ-
ated with a pathological fracture and with signs of
neurological impingement. Unlike vertebral or skull heman-
giomas, the majority of extremity lesions are symptomatic
and occur predominantly in long bones, the tibia and the
femur being the most common sites. Although most heman-
giomas are medullary and considered to be metaphyseal
lesions, they can also be periosteal or intracortical, and
occur in the diaphysis or metadiaphysis [9].

Radiographically, a hemangioma presents as a well-
demarcated lucent mass that frequently contains coarse tra-
beculations or striations [4]. The classic imaging findings of
vertebral hemangioma is that of parallel coarse and vertical
trabeculations without enlargement of the vertebral body.
On conventional radiographs (X-ray), the normal trabecular
pattern is replaced by coarsened vertical trabeculae with
relative demineralization of the vertebra, resulting in a char-
acteristic corduroy pattern [8].

Indolent lesions frequently contain fat and sclerotic tra-
beculae on computed tomography (CT) and magnetic

resonance imaging (MRI). CT imaging mirrors the radio-
graphic appearance, demonstrating well-defined lytic
lesions with high-density round foci corresponding to thick-
ened vertical trabeculae mixed with low attenuation fat. The
cross-sectional images may demonstrate this as a group of
dots, resulting in the characteristic “polka dot” pattern.
When present, this pattern is pathognomonic [7, 9]. More
rarely, the imaging pattern of vertebral hemangioma is “hon-
eycomb-like”, or finely reticulated, or even purely osteo-
lytic. This imaging is found in symptomatic hemangiomas
[8] (Fig. 1).

Fig. 1 Hemangioma of the bone. a Lateral radiograph of a thoracic
vertebra shows coarsened vertical trabeculae involving the vertebral
body with a characteristic corduroy pattern. b Axial CT image dem-
onstrates the characteristic polka dot pattern of a vertebral hemangioma
created by thickened vertical trabeculae
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On MRI, the majority of asymptomatic hemangiomas
have characteristic imaging features and exhibit high signal
intensity on T1- and T2-weighted images owing to the
presence of fat within the tumor [7]. MRI provides the
clearest depiction of the extent of skeletal hemangiomas,
which are clearly defined by their contrast with normal
marrow fat and cortical bone [9].

On the other hand, extra-spinal hemangiomas are less
characteristic. In fact, the classic corduroy and sunburst
patterns of vertebral and skull hemangiomas are uncommon
in extremity sites. In the latter, one may see an non specific,
well-defined osteolytic lesion with or without a radiating,
lattice-like or web-like coarse trabecular pattern, which is
highly suggestive of the diagnosis. Symptomatic tumors
usually show loss of fat and reveal a low signal on T1-
weighted images and high signal on T2-weighted images. In
such cases, correlation with the patient’s clinical presenta-
tion is necessary to obtain a correct diagnosis [4, 7, 9].

Macroscopically, hemangiomas manifest as a soft, well-
demarcated, dark red mass. On the transection surface, large
blood-filled cavities with delicate and well-defined walls are
seen. Moreover, thick bony trabeculae may be seen, impart-
ing the honeycomb pattern [8].

Hemangiomas have variable histological features. The
variant lesions may be of cavernous, capillary, or venous
types. Histologically, hemangiomas are composed of thin-
walled, blood-filled vessels lined by a single layer of fat.
Cytologically, they are characterized by banal endothelial
cells (Fig. 2). When hemangiomas spread throughout the
skeleton, this is known as angiomatosis. Disappearing bone
disease or Gorham’s disease display hypervascular bone,
which can be indistinguishable from hemangioma [7].

The genetic hallmark of hemangioma is still under inves-
tigation. The Notch pathway plays a crucial role in vascular

development and tumor angiogenesis [10]. There are several
lines of evidence of an aberrant activation of the Notch
pathway in benign vascular tumors, such as hemangiomas
[11–13]. A switch in Notch gene expression seems to mirror
the progression from immature cells to endothelial differen-
tiation, which characterizes the growth and involution of
infantile hemangioma [12]. Moreover, after an analysis of
eight members of the HES/HEY family, Adepoju et al.
demonstrated that Notch signaling is active in infantile
hemangioma cells [13].

Interestingly, Mihm and Nelson [14] proposed that the
metastatic niche theory can elucidate infantile hemangioma
development. They reported that infantile hemangiomas
may be metastases from the fetal component of placenta.
In fact, certain aspects of the biology of infantile hemangi-
oma cells suggest a relationship to the placenta as a possible
site of origin for hemangioma precursor cells. First, distinct
immunohistochemical markers are uniquely co-expressed
by fetal microvessels of the human placenta and juvenile
hemangiomas [15]. Second, the genome-wide gene expres-
sion profiles of the placenta and hemangiomas exhibit a
higher degree of global similarity relative to other tissues
[16]. Finally, the natural progression of infantile hemangio-
mas is similar to that of the placenta (rapid proliferation
followed by subsequent stabilization). Therefore, Mihm and
Nelson hypothesized that the site where a hemangioma is
formed is prepared by humoral factors that determine the
site of infantile hemangioma development, in the same way
that malignant tumor cells prepare a site for tumor metasta-
ses [14]. Taken together, these findings suggest that heman-
gioma precursor cells arise from the placenta as a “benign
metastasis.”

Many investigations have endorsed this metastatic theo-
ry, by defining the importance of a “metastatic niche” and its
cellular preconditioning by bone marrow cells contributing
to the organ-specific metastasis of individual types of
tumors [17]. Kaplan et al. [18] demonstrated that bone
marrow-derived hematopoietic progenitor cells that express
vascular endothelial growth factor receptor 1 (VEGFR1)
home to tumor-specific pre-metastatic sites and form cellu-
lar clusters before the arrival of tumor cells. These findings
introduce the concept that tumor metastasis is initiated by a
sequence of events dependent on cellular “bookmarking”
through the site-specific delivery of VEGFR1-positive cells
to form permissive niches within target organs. These data
suggest that differences in tumor-secreted humoral factors
promote metastatic spread in specific distant organs [18].

Indolent hemangiomas should be considered “leave me
alone lesions” and do not require any treatment. However,
when the lesion is active, repeated arterial embolization or
curettage are different options of treatment, according to the
anatomical and clinical presentation. Only a minority of
cases complicated by a local recurrence [7]. Conversely,

Fig. 2 Hemangioma of the bone. Multiple vascular spaces lined by
non-atypical endothelial cells filled with erythrocytes (hematoxylin–
eosin staining, ×10)
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symptomatic hemangioma involving the vertebral column
may pose a therapeutic challenge, often requiring the active
involvement of several disciplines. The coupling of preop-
erative transarterial embolization followed by vertebro-
plasty, with or without surgical decompression depending
on the patients’ presenting symptoms, is a relatively safe
treatment and may offer long-term symptomatic relief in
these patients [19].

In summary, hemangiomas of the bone are usually not
life-threatening lesions. The distinctive trabecular pattern
and the presence of fat are the most helpful diagnostic
imaging features for making diagnosis in any location.

Epithelioid hemangioma

There is much debate over the existence of epithelioid
hemangioma as a distinct entity, because of its overlapping
features with other malignant vascular neoplasms and ag-
gressive clinical characteristics, including multifocal or
lymph node involvement. This has resulted in frequent
misdiagnosis and inappropriate treatment of epithelioid
hemangioma, particularly in skeletal locations [20].

Epithelioid hemangiomas have a wide skeletal distribu-
tion and usually manifest as painful masses. They occur in
male and female subjects with equal frequency and, at the
time of diagnosis, the patients are in their second to eighth
decades of life and have a mean age of 34 years [21]. The
vast majority of bone epithelioid hemangiomas are solitary.
However, up to 25% of bone epithelioid hemangiomas can
affect the skeleton in a multifocal fashion [2, 18]. Moreover,
Floris et al. [22] reported a case of epithelioid hemangioma
of the 2nd toe with secondary involvement of the ipsilateral
inguinal, iliac, and paraortic lymph nodes. The groin lymph
nodes were excised, and the presence of epithelioid heman-
gioma was subsequently confirmed.

Pain has been the most common complaint for patients
with epithelioid hemangiomas, but the lesion may also be
identified as an incidental radiographic abnormality [7].
Radiographically, epithelioid hemangiomas are well-
defined lytic lesions involving the metaphysis or diaphysis
of the affected bone. They do not commonly cause cortical
destruction. However, when the cortex is involved there is
usually focal destruction with associated thick reactive peri-
osteal new bone formation [7].

Epithelioid hemangioma continues to be confused with
hemangioendothelioma [2]. In a series of 13 patients with
so-called hemangioendothelioma reported by Evans et al.
[3], 3 of the patients were treated with chemotherapy, and
another 3 underwent amputation. Remarkably, none of the
patients in their series died. However, in a “Letter to the
Editor” in the International Journal of Surgical Pathology,
Rosenberg argued that Evans et al.’s illustrations of the

tumors showed characteristics of epithelioid hemangioma,
a benign neoplasm [22].

This example not only illustrates the current confusion
surrounding the classification of this rare subset of vascular
tumors, but also indicates the danger inherent in using
poorly defined and inappropriate terminology to classify
them.

Although imaging is extremely helpful in the diagnosis
of hemangioma and usually excludes the need for biopsy, it
cannot be used effectively in the diagnosis of epithelioid
hemangioma and other vascular tumors because these enti-
ties lack characteristic radiological features [23, 24]. In fact,
the presence of multifocal lesions may be the only clue
indicating a diagnosis of a vascular tumor [7]. On conven-
tional X-rays, the bone lesions are usually lucent with well-
defined margins. However, the bone can sometimes be
expanded and focally destroyed with tumor extending into
adjacent soft tissue (Fig. 3).

Morphological and immunohistochemical features thus
remain the cornerstone of the diagnosis of vascular tumors
and their epithelioid variants. The differential diagnosis of
epithelioid hemangioma includes epithelioid hemangioen-
dothelioma and epithelioid angiosarcoma. Features that dis-
tinguish epithelioid hemangioma from epithelioid
angiosarcoma include the absence of significant cytological
atypia, brisk mitotic activity, and necrosis and the presence
of well-formed vessels [6] (Fig. 4). The more difficult dis-
tinction between epithelioid hemangioma and epithelioid
hemangioendothelioma could be made on the basis of our
recent discovery of a novel genetic rearrangement that is
specific to epithelioid hemangioendothelioma, [t(1;3)
(1p36.23;3q25.1)], which is not present in epithelioid
hemangioma [5].

The correct differential diagnosis of these two entities is
critical because epithelioid hemangioendothelioma exhibits a
more aggressive clinical course than epithelioid hemangioma.

Fig. 3 Epithelioid hemangioma of the bone. Axial CT image shows a
multiseptated, expansive lytic lesion of the medial clavicle
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It is also more frequently multifocal when occurring in bone
[25].

The article by Floris et al. sparked a controversy reflected
in an exchange of opinions in the form of “Letters to the
Editor” in the International Journal of Surgical Pathology
[22]. In his letter, Evans reiterated his opinion that epitheli-
oid hemangioma is not a distinct clinicopathological entity,
but rather a misdiagnosed hemangioendothelioma, a tumor
with malignant potential. However, in his own letter, Rosen-
berg argued that these neoplasms are histologically and
biologically different from one another. Clearly, the classi-
fication of epithelioid vascular tumors remains a topic of
considerable controversy as epithelioid hemangioma contin-
ues to be confused with epithelioid hemangioendothelioma
or some other type of vascular sarcoma.

Crucial to the significance of this controversy is what
effect, if any, the classification of these vascular tumors has
on their treatment and prognosis [2]. In a recent study,
Nielsen et al. [20] analyzed 50 cases of epithelioid heman-
gioma of the bone. In their series, most patients had a single
lesion, but 9 patients (18%) had lesions involving more than
one bone. Two of the patients with multifocal epithelioid
hemangiomas had discontinuous lesions of the bone, skin,
artery, and lymph node, but none of these patients with an
unusual multifocal presentation of epithelioid hemangioma
experienced an adverse outcome. Therefore, the non-
aggressive behavior of epithelioid hemangioma reported in
the literature [3, 20, 22] supports the hypothesis that this
tumor is indeed benign.

Our findings confirm that epithelioid hemangioma
does not behave aggressively and is thus a benign
tumor. In fact, although most patients received conser-
vative treatment, including only a biopsy in one case,
their long-term prognosis was excellent, and none of
them died of the disease [26]. By contrast, as we

previously reported, epithelioid hemangioendothelioma
is also associated with good prognosis, but it can me-
tastasize in some cases and produce a fatal outcome [5].

Management of epithelioid hemangioma is still contro-
versial given the limited experience reported in the literature
[7]. Treatment varies widely, ranging from biopsy to seg-
mental resection. Most patients can be effectively treated
with intralesional curettage. Like other vascular tumors,
however, epithelioid hemangioma may be present with mul-
tifocal involvement and rare loco-regional lymph node me-
tastasis. In such cases, the treatment remains surgical as the
hypothesis suggests a benign metastases [26]. However,
careful radiographic follow-up may be considered [7].

The possible existence of benign metastasis is further
supported by the behavior of giant cell tumors, another
type of benign bone tumor that can metastasize without
producing a fatal outcome. At the Rizzoli Institute, the
overall metastatic rate of 349 giant cell tumors of the
extremity was 4%, and all tumors were associated with
a good long-term prognosis [27]. Similarly, Klenke et
al. [28] found the same rate of pulmonary metastases in
118 patients with giant cell tumors, and none of the
patients died of the disease. However, we ultimately
agree with Rosenberg, who pointed out that “Currently,
it seems we are limited to our subjective interpretations
and we must wait for a molecular analysis of vascular
tumors before a more definitive and objective answer
becomes apparent” [22].

In summary, epithelioid hemangioma does not behave
aggressively and therefore supports the contention that it is
a benign tumor. Like other vascular tumors, however, epi-
thelioid hemangioma may be present with multifocal in-
volvement. Therefore, epithelioid hemangioma seems to be
a benign tumor with metastatic potential. It is important to
distinguish epithelioid hemangioma from other epithelioid
vascular tumors because of the significant differences in
their management and clinical outcome.

Hemangioendothelioma

Hemangioendothelioma is described as a rare low-grade
malignant endothelial neoplasm. It can occur at any age,
but is more commonly seen in adults. The male to female
ratio is 2:1. The most frequent sites are in long bones: the
femur, tibia, and humerus, in that order, but these tumors can
also occur in any location. Hemangioendothelioma can be
metaphyseal, with possible epiphyseal extension, but the
tumor may also affect the diaphysis [8].

Localized pain or, less commonly, soft tissue swelling,
are the two most common clinical manifestations. Heman-
gioendothelioma is multifocal in approximately 25% of
patients and the multiple lesions can develop in the same

Fig. 4 Epithelioid hemangioma of the bone. Vascular channels lined
with pale-staining epithelioid benign endothelial cells with abundant
eosinophilic cytoplasm. The shape of the cells shows the characteristic
“tombstone” appearance (hematoxylin–eosin staining, ×20)

Skeletal Radiol (2012) 41:1495–1507 1499



or in contiguous bones. Rarely, pathological fractures can
also occur in advanced cases [8].

Although the majority of hemangioendotheliomas are
purely or predominantly osteolytic, they may be present as
mixed lytic and sclerotic lesions. These tumors are associ-
ated with variable degrees of osseous expansion, endosteal
erosion, and cortical thinning. CT and MRI provide useful
information regarding the extent and pattern of bone de-
struction and soft tissue extension of the tumor (Fig. 5).
However, whereas imaging is extremely helpful in the diag-
nosis of hemangioma and usually obviates the need for
biopsy, there are no characteristic CT or MRI features in
other vascular neoplasms, including hemangioendothelioma
[23]. A bone scan is indicated for the staging of the disease,
since the optimal treatment plan is determined by the pres-
ence or absence of a multicentric disease [29].

The tumor is soft, dark red or brownish. It can be grey
and firmer, in areas of solid cellular tumor, or of prominent
collagenization. The histological appearance of this tumor is
variable. The tumor generally has a vasoformative nature
with numerous spaces lined by plump endothelial cells. The
endothelial cells have abundant eosinophilic cytoplasm [29].
However, hemangioendothelioma could also be less vaso-
formative with more primitive vascular spaces lined with
plump endothelial cells (Fig. 6). Because of this variable
histological appearance, the term hemangioendothelioma of
the bone remains a nebulous, most likely “waste basket”
diagnosis and should be avoided as much as possible [5].

The terminology and classification applied to the intra-
osseous vascular tumors at the low end of the spectrum has
proven particularly controversial [2, 3]. This illustrates the
lack of objective diagnostic criteria and the confusion sur-
rounding the classification of this rare subset of vascular
tumors. The differential diagnosis of these tumors can be
very difficult because of their remarkably similar histopath-
ological and morphological features. Although morpholog-
ical and immunohistochemical features remain the
cornerstone of diagnosis, tumor-specific genetic alterations

can be very helpful in making a diagnosis [30]. The recent
identification of WWTR1-CAMTA1 fusion, as the genetic
hallmark of an epithelioid hemangioendothelioma irrespec-
tive of its anatomical location, provides an objective and
powerful diagnostic tool that can be used to distinguish an
epithelioid hemangioendothelioma from a hemangioendo-
thelioma, with limited biopsy material or a challenging
diagnosis [5]. However, the genetic hallmarks of heman-
gioendothelioma are still under investigation.

The treatment of patients with hemangioendothelioma of
the bone is variable depending upon whether the tumor is
unifocal or multifocal. Patients with unifocal tumors are
preferably treated by a wide en bloc resection or intrale-
sional surgery followed by radiation therapy. Multifocal or
challenge sites can be treated by curettage and radiation
therapy or only by radiotherapy, especially in view of the
fact that a wide to radical surgery would imply amputation
[29]. However, Nielsen et al. [20] have demonstrated that
over the years many authors have reported vascular tumors
of the bone labeled as hemangioendothelioma, causing con-
fusion about the proper treatment of this rare entity.

The prognosis of patients with a hemangioendothelioma
of the bone is variable depending on whether the tumor is
solitary or multifocal. However, local recurrence and metas-
tasis occurred in a relatively small proportion of cases. It
seems that the major prognostic factor is the degree of
differentiation and cytological atypia of neoplastic endothe-
lial cells [29].

Epithelioid hemangioendothelioma

An epithelioid hemangioendothelioma is a recently identi-
fied entity with intermediate malignancy that may arise in a
variety of sites, including the bone. It occurs over a broad
age range, but predominantly in middle age [5, 31]. There is
a slight male predominance [2]. Patients show non-specific

Fig. 5 Hemangioendothelioma of the bone. a Conventional X-ray of the left knee showing a tiny permeative lytic lesion. On b axial T1-weighted
and c coronal STIR MR images demonstrate tumor deposits as areas of bright signal characteristic depicting two round, not well-demarcated lesions
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signs and symptoms, with pain being the most common
complain [29].

The radiographic appearance of epithelioid hemangioen-
dothelioma of the bone can show an expansive, osteolytic,
and poorly demarcated lesion. CT and MRI are not entirely
specific in this setting either. Matrix mineralization is un-
common and periosteal reaction is rare. Epithelioid heman-
gioendotheliomas are usually centred in the medullary
cavity and grow in an infiltrative and destructive fashion.
The lesions are usually confined to the bone, but a small soft
tissue mass can be seen in approximately 40% of the cases
(Fig. 7) [29].

Pathologically, the gross appearance of an epithelioid
hemangioendothelioma is a lobulated hemorrhagic lesion.
The histological appearance is that of a lesion composed of a
hyalinized stroma and cords or strands of plump cells with
abundant eosinophilic cytoplasm [29]. The lobular growth
pattern that characterizes epithelioid hemangioma is absent.
The most distinguishing morphological feature of this tumor
is the extracellular stroma that surrounds the endothelial
cells (Fig. 8). Characteristically, it has a hyalinized or baso-
philic appearance and lacks inflammatory cells [2]. Owing
to the epithelioid morphological features, an epithelioid
hemangioendothelioma may be mistaken for epithelial
tumors, including carcinoma, melanoma, mesothelioma, ep-
ithelioid hemangioendothelioma, and epithelioid sarcoma
[31].

Epithelioid hemangioendothelioma, similar to other vas-
cular tumors, shows multiple non-contiguous tumors in
approximately 50% of cases, and it is unclear whether the
separate lesions represent multicentric disease or metastases
[2, 6]. Multicentricity in mesenchymal neoplasms is defined
as the presence of a tumor at two or more anatomically

separate sites before the manifestation of the disease in sites
where sarcomas most commonly metastasize, such as the
lungs [32]. Because the clinical course of an epithelioid
hemangioendothelioma is frequently indolent, the concept
that different lesions are independent primary tumors often
prevails [2, 23].

In our recent study, an in-depth molecular analysis of 17
cases of epithelioid hemangioendothelioma arising in differ-
ent anatomical locations revealed an identical genetic trans-
location [t(1;3)(1p36.23;3q25.1)] involving the CAMTA1
and WWTR1 genes on chromosomes 1 and 3 respectively.
As a result of the translocation, two protein-coding regions
were fused in-frame, producing a chimeric protein. To our
knowledge, this is the first time that a CAMTA1–WWTR1
fusion has been reported. This is especially important be-
cause the CAMTA1 and WWTR1 genes have been shown
to play an important role in oncogenesis [33–37].

In addition, we tested two multifocal epithelioid heman-
gioendotheliomas with different rearrangements of WWTR1
and CAMTA1 genes. An identical monoclonal rearrange-
ment was found in each lesion from each patient, but not in
tumors from different patients. The identical WWTR1–
CAMTA1 rearrangement suggests that a multifocal epithe-
lioid hemangioendothelioma resulted from a metastasis of
the same neoplastic clone rather than a simultaneous neo-
plastic formation of multiple epithelioid hemangioendothe-
lioma cell clones [17].

Our conclusions are supported by the results of a recent
study that reported a series of patients with liver epithelioid
hemangioendothelioma. Sixteen patients received a liver
transplant and 5 of them (31%) had a recurrence of disease
in the new liver [38]. This finding follows the “seed and
soil” theory that Paget proposed in 1889, namely, “When a
plant goes to seed, its seeds are carried in all directions; but
they can only live and grow if they fall on congenial soil”
[39].

Recently, many investigators have validated this meta-
static theory [40–42]. They defined the metastatic niche
(soil) as a friendly site to which the tumor cell (seed) will
attach and grow. In addition, Norton and Massagué [42]
proposed that cancer was a self-seeding disease and that
the appearance of multifocality was conveyed by self-
seeds returning to the primary tumor’s organ of origin, but
not attaching to the primary tumor mass. Following these
hypotheses, we can speculate that in both of our cases the
epithelioid hemangioendothelioma cells were able to attach
and grow only in the tissue of origin. Therefore, it seems
that a multifocal epithelioid hemangioendothelioma is more
likely a metastatic disease rather than a manifestation of
multicentricity.

These data could have therapeutic implications. In fact,
metastatic disease suggests an aggressive tumor that war-
rants further treatment; in contrast, tumors arising

Fig. 6 Hemangioendothelioma of the bone. Slit-like vascular spaces
containing erythrocytes are present between the spindle cells. Tumor
cells show pleomorphic and mildly hyperchromic nuclei (hematoxylin-
eosin staining, ×10)
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independently may simply reflect the propensity of an organ
to develop occult tumors, which may or may not progress to
a clinically significant disease.

Although most studies recommend a wide surgical resec-
tion, curettage is also an option [43]. Multicentric tumors in
contiguous bone can sometimes be controlled with amputa-
tion, but otherwise, radiation therapy with or without sur-
gery, is the mainstay of management. The role of
chemotherapy is not yet clear, but generally it is not a
standard approach [44]. However, a small number of
patients may show multiple tumors involving the skeleton,
soft tissue, liver and lung, concurrently. In these cases,
chemotherapy has been employed [29]. Therefore, because
of the variable clinical course, treatment plans should be
tailored to the individual patient in correlation with the
extension and location of the disease.

Angiosarcoma

Angiosarcoma is a high-grade malignant tumor that is com-
posed of tumor cells that show endothelial differentiation
[4]. It is a very rare neoplasm, occurring in less than 1% of
malignant bone tumors. Patients may show osseous angio-
sarcoma at any age, with a peak incidence in adulthood.
Males and females are affected more or less equally. Angio-
sarcomas show a wide skeletal distribution; however, they
tend to affect the long bones of the extremity and the axial
skeleton, mainly the spine. About a third of these lesions are
multifocal [4]. Patients with a multifocal bone disease may
have the involvement of one or more anatomical regions
[29]. Pain is the most common presenting symptom. A soft-
tissue swelling may be seen, but in general there are no
characteristic clinical findings specific to an angiosarcoma
of the bone.

The radiological appearance of an angiosarcoma of the
bone is also non-specific. An angiosarcoma usually devel-
ops poorly marginated lytic bone lesions. They can erode
the cortex and extend into the soft tissue (Fig. 9) [4]. As with
the other vascular tumors, the feature that most commonly
allows one to suggest the diagnosis is the presence of
multifocal disease. Although multicentric lesions may in-
volve a single anatomical area, some cases involve multiple
anatomical regions [29].

Pathologically, angiosarcomas usually show as red,
bloody lesions with irregular margins. They are usually
composed of atypical endothelial cells that exhibit nuclear
atypia and an increased number of mitoses with atypical
mitotic figures. The essential feature of this neoplasm is its
vasoformative appearance. Areas with necrosis may be pres-
ent (Fig. 10) [4, 29].

The differential diagnosis for angiosarcoma of the bone
includes other primary sarcomas as well as metastatic carci-
noma. In this regard, immunohistochemical stains for factor
VIII, CD31, CD34 or Fli1 may be helpful in identifying
those tumors that are endothelial in origin [29].

Fig. 7 Epithelioid
hemangioendothelioma of the
bone. a Axial CT, and b axial
T2 MR images show multiple,
not well-defined lytic lesions
involving tarsal bones. The
multicentric pattern of disease
is characteristic of vascular
tumors

Fig. 8 Epithelioid hemangioendothelioma of the bone. Proliferation of
plump epithelioid endothelial cells arranged in a short strands, cords,
solid nests, or single cells among the host bone trabeculae. Neoplastic
cells show slightly atypical vesicular nuclei with small nucleoli (he-
matoxylin-eosin staining, ×20)
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An angiosarcoma represents a heterogeneous group of
malignant vascular tumors, occurring not only in different
anatomical locations, but also in distinct clinical settings,
such as after radiation therapy or in association with chronic
lymphedema [10]. This clinical heterogeneity mirrors the
genetic heterogeneity of an angiosarcoma. Because of that,
the genetic and molecular aberrations involved in angiosar-
coma oncogenesis remains poorly understood. However,
Italiano et al. [10] reported that a genomic amplification of
MYC may not only occur in a radiation-induced angiosar-
coma, but also in a subset of primary angiosarcoma. Several
studies have shown how MYC is not only involved in the
control of cell proliferation, apoptosis, and differentiation,
but also in non-cell autonomous cancer processes such as
angiogenesis. Interestingly, a significant up-regulation of the
miR-17-92 cluster was observed in MYC-amplified

angiosarcoma compared with an angiosarcoma lacking
MYC amplification. Moreover, MYC amplified angiosarco-
mas were associated with a significantly low expression of
thrombospodin-I, a potent endogenous inhibitor of angio-
genesis. Altogether, these data confirm that non-cell auton-
omous cancer processes such as angiogenesis represent the
main functional consequences of MYC amplification in
angiosarcoma [10].

The treatment of patients with angiosarcoma of the bone
depends on several factors: the age of patient, size and
location of the tumor, solitary or multifocal disease. Due
to their aggressive nature, the treatment of angiosarcoma of
the bone consists of a multidisciplinary approach based on
surgery, radiotherapy, and chemotherapy [45]. The surgical
approach represents the cornerstone of treatment for patients
with a localized disease. Surgery has to be very aggressive
with wide surgical margins and it can be associated with
adjuvant radiotherapy. Reconstruction of the skeleton fol-
lowing resection can be performed utilizing a variety of
techniques that are dependent upon the location of the lesion
[29]. Patients with a multicentric angiosarcoma involving a
single anatomical location may also be candidates for radi-
cal resection. Radiotherapy alone should also be considered
for those patients with multifocal disease in a different
anatomical location or with unresectable tumors. Although
chemotherapy may be used, the efficacy has not yet been
determined [29]. In fact, there is a paucity of clear informa-
tion or meta-analyses on the management of these tumors in
the literature. Anti-angiogenic monoclonal antibodies may
offer angiosarcoma-specific treatment in the future, al-
though their use is explicitly limited to trials at the moment
[43]. Local and distant recurrence is common, with the
lungs noted as a prime site for a metastasis in 50% of cases
[45].

The histological degree of differentiation is the most
important factor in the prognosis of patients affected by

Fig. 9 Angiosarcoma of the bone. a Conventional X-ray shows a
pathological fracture of the proximal humerus secondary to an ill-
defined lytic destructive lesion with a suggestion of a soft-tissue mass.
Axial b T1-weighted and c T2-weighted MR images demonstrate a

large heterogeneous mass with predominantly high signal intensity on
the T2-weighted image. d A skip lesion is visible on the coronally
injected MR image

Fig. 10 Angiosarcoma of the bone. Proliferation of irregular and
haphazard blood-filled cavities lined by variably pleomorphic
endothelial cells, infiltrating the host bone trabeculae. Numerous
nuclear atypia and atypical mitoses are present (hematoxylin–eosin
staining, ×10)
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angiosarcoma of the bone. However, despite adequate
locoregional treatment, up to 50–80% of patients will de-
velop metastatic relapse and will die of the disease [10, 29].

Epithelioid angiosarcoma

An epithelioid angiosarcoma is an extremely rare tumor of the
bone that is characterized by large cells with an epithelioid
morphology. This tumor seems to have a predilection for long
bones, a striking male predominance and occurs in the adult
population. Accordingly, literature is limited to only several
case reports and a series of ten cases [46]. In the latter series,
Desphande et al. [46] reported that 8 patients were male, the
age range was 26–83 years old, and that 6 patients had
multifocal involvement. Three of the solitary lesions involved
the femur and one involved the calcaneus. Of the 6 patients
with multicentric lesions, 2 of them involved the same bones
(femur and tibia), and others involved contiguous bones.

A variety of clinical presentations may be encountered,
ranging from painful and enlarging soft tissue mass to long
bone fractures. The non-specific initial presentation depends
on the size of the tumor, the tissue involved, and its resultant
dysfunction [47]. Once again, as with other vascular tumors,
the only diagnostical clue is the possible multifocal presen-
tation of an epithelioid angiosarcoma.

The radiographic appearance of these tumors is that of a
destructive, predominantly, or exclusively lytic tumor that
originates in the medullary cavity and invades the cortex
and neighboring soft tissues [2] (Fig. 11).

An epithelioid angiosarcoma is usually a poorly differen-
tiated and biologically aggressive neoplasm. Macroscopi-
cally, this tumor is friable, red, and hemorrhagic, with
often an extra-osseous extension. Microscopically, it is

composed of epithelioid cells that usually demonstrate
marked pleomorphism and cytological atypia with irregular
nuclear membranes and prominent nucleoli. Necrosis and
mitotic figures, including atypical forms, are abundant. By
contrast, hyalinized or basophilic stroma are absent [2, 6].
Well-formed vascular channels are frequently numerous
(Fig. 12). However, because of their epithelioid appearance,
an epithelioid angiosarcoma may be misdiagnosed as a
metastatic carcinoma. Therefore, antibodies against certain
vascular and endothelial antigens have been shown to be
helpful in differentiating vascular tumors from metastatic
carcinomas [48]. A panel of vascular markers such as
CD31, CD34, and Fli-1 should be used, as not all tumors
are positive for all markers [6].

Fig. 11 Epithelioid angiosarcoma of the bone. Multiple, not sharply
demarcated lytic lesions of the spine on a axial T2, b sagittal T1, and c
T2 fat-saturated MR images involving the sacrum, the first, second,
and fifth lumbar vertebra. Lesions are heterogeneous, some with a high

signal on T1 and T2 sequences, indicating blood, some with a lower
signal compatible with fibrous tissue or bone sclerosis. The sacral
periosteum is expanded, with some destruction of the right posterior
iliac spine

Fig. 12 Epithelioid angiosarcoma of the bone. Proliferation of solid
sheets of large atypical endothelial cells with an epithelioid morphol-
ogy among the host bone trabeculae. Tumor cells show abundant
eosinophilic cytoplasm and large nuclei. Nuclear atypia is prominent
and mitoses are numerous (hematoxylin–eosin staining, ×10)
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The genetic studies on epithelioid angiosarcoma are
extremely limited. Cao et al. [49] examined and com-
pared the cytogenetic characteristics of epithelioid
hemangioendothelioma and epithelioid angiosarcoma
utilizing the Array-Comparative Genomic Hybridization
(Array-CGH) method. Considerable differences in the
cytogenetic characteristics were observed between the
two types of tumors. Small fragment gains (<10 MB)

were dominant in an epithelioid hemangioendothelioma,
whereas large fragment gains and deletions (>10 MB)
were dominant in an epithelioid angiosarcoma. Some
large fragment alterations, such as gains in chromo-
somes 19q and 19p, and deletions in chromosomes 9p
and 13q, involved over half of a chromosome arm.-
Therefore, an epithelioid hemangioendothelioma and
an epithelioid angiosarcoma showed great cytogenetic

Table 1 Clinical, radiological, histological, and genetic features of vascular bone tumors

Entity Clinical features Radiological features Histological features Genetic features

Hemangioma Benign Well demarcated Cavernous/capillary/venous Aberrant activation of
the Notch pathwayIncidental finding/rarely

painful
Lytic lesion Well demarcated

Spine/skull Trabeculations Vascular spaces

Striations Endothelial cells

No atypia

Epithelioid
hemangioma

Benign Well defined Well circumscribed None
Painful Lytic lesion Lobular growth pattern

Rarely metastatic Rare focal cortical destruction
with reactive periosteal new
bone formation

Vasoformative with “mature”
vessels

Abundant cytoplasm

“Tombstone” appearence
of cells

Infiammatory cells

No atypia

Hemangioendothelioma Lowgrade malignancy Not well demarcated Infiltrative None
Painful Lytic/sclerotic lesion Diffuse growth pattern

Metastatic Variable degrees of osseous
expansion, endosteal erosion
and cortical thinning

Vasoformative with immature
pattern

Good prognosis Abundant cytoplasm

Intracytoplasmic lumina

Infiammatory cells

Mild degree of atypia

Epithelioid
hemangioendothelioma

Low-grade malignancy Poorly demarcated Infiltrative t(1;3)(p36.23:q25.1)
Painful Expansive and infiltrative

lytic lesion
Strands/cords of solid nests

Metastatic Myxochondroid or densely
sclerotic stroma

Good prognosis Mild degree of nuclear atypia

Angiosarcoma High-grade malignancy No well defined destructive
lytic lesion

Infiltrative MYC amplification

Painful Athypical endothelial cells

Metastatic Vasoformative

Poor prognosis Nuclear atypia

Atypical mitoses

Necrosis

Epithelioid
angiosarcoma

High grade malignancy No well defined destructive
lytic lesion

Infiltrative Large fragment gains
and deletions

Painful Vasoformative with well-formed
vascular channels

Metastatic Large, rounded epithelioid
endothelial cells

Poor prognosis Nuclear atypia

Atypical mitoses

Necrosis
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differences. However, further genetic studies on epithe-
lioid angiosarcomas are warranted.

Treatment modalities vary among individual cases. It is
important to ascertain whether the disease is solitary or
multicentric. The therapeutic alternatives in the management
of epithelioid angiosarcoma of the bone are similar to the
treatment approaches to patients with bone sarcomas of
other types [29]. Wide surgical resection and adjuvant radi-
ation therapy are usually used. If the lesion is solitary and
surgically accessible, surgery is the treatment of choice.
Radiation therapy should be considered for those patients
with multicentric lesions or patients with surgically inacces-
sible tumors [29]. Chemotherapeutic regimens are still un-
der investigation. However, despite wide surgical resection
with or without adjuvant radiation and chemotherapy, an
epithelioid angiosarcoma frequently metastasizes, and this
usually results in the patient’s death after a short clinical
course [2, 46].

Summary

One of the most confusing issues related to vascular tumors
is the myriad of names that are used to describe them.
Pathologically, these tumors are remarkably similar, which
makes differentiating them from each other very difficult
[29]. This issue is compounded by the fact that current
surgical pathology textbooks inadequately describe and
classify these tumors. Moreover, most of these textbooks
do not even acknowledge the existence of the three subtypes
of epithelioid vascular neoplasms.

For this rare subset of vascular tumors, there remains
considerable controversy regarding the terminology and
the classification that should be used. For instance, epithe-
lioid hemangioma continues to be confused with heman-
gioendothelioma [2, 3].

Because clinical behavior, treatment, and prognosis of
vascular bone tumors can vary significantly, it is important
to effectively and accurately distinguish them from each other.

Upon a review of the English language literature, we
propose a classification scheme of vascular bone tumors
that includes hemangioma, hemangioendothelioma, angio-
sarcoma, and their epithelioid variants (Table 1).
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