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ABSTRACT

Soft tissue epithelioid vascular tumors are character-
ized by a wide spectrum and represent a controver-
sial topic for overlapping morphologic features; they
require depth knowledge of the various subtypes,
in order to be able to predict the clinical behaviour
of the lesion. The World Health Organization (WHO)
classification of soft tissue tumours recognizes mul-
tiple vascular tumours with epithelioid features,
with different levels of malignancy: 1) benign neo-
plasms, as epithelioid hemangioma (EH) 2) tumours
with an intermediate behaviour, characterized by
low distant metastatic rates, including pseudomy-

ogenic hemangioendothelioma (PHE); 3) malignant
vascular tumours, with higher metastatic rate, as
epithelioid hemangioendothelioma (EHE) and the
epithelioid variant of angiosarcoma (EAS). The aim
of this review is to report the most important clinical,
pathological, immuhistochemical and cytogenetic
features of epithelioid vascular tumours. In order to
reach the correct diagnosis, the identification of ep-
ithelioid features, immunohistochemical (CD31 and
ERG) and cytogenetic (CAMPTA1 and FLI1) markers
are able to make more reproducible the interpreta-
tion of this complex group of soft tissue neoplasms.
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INTRODUCTION

Soft tissue vascular tumors are characterized by a
wide clinical, morphologic and immunohistochem-
ical spectrum, including hemangioma, hemangio-
endothelioma, angiosarcoma, and their multiple
spindle and epithelioid variants. The etiology of the
majority of soft tissue epithelioid vascular tumours
remains unclear, mainly because of their rarity. Be-
cause of major differences in their clinical behav-
ior and, consequently, in treatment and progno-
sis, distinguishing accurately the multiple vascular
tumor entities represents an important challenge
for pathologists in soft tissue diagnosis Within the
vascular tumor spectrum, the epithelioid vascular
tumors represent a complex chapter, due to their
unusual and sometimes overlapping morphologic
features, and to their often unpredictable clinical
behavior (1). The World Health Organization (WHO)
classification of soft tissue tumours (1, 2) recog-
nizes vascular tumours with epithelioid features
based on their distinct level of malignancy (table 1)

1) benign neoplasms as epithelioid hemangioma (EH)

2) tumours with an intermediate behaviour such
as pseudomyogenic hemangioendothelioma
(PHE) (3), characterized by low distant meta-
static rates;

3) malignant vascular tumours, including epithe-
lioid hemangioendothelioma (EHE) with 20-
30% metastatic rates and epithelioid variant
of angiosarcoma (EAS), with greater than 50%
metastatic rates (1).

In clinical practice, the terminology and classifica-
tion applied for vascular soft tissue tumors and,
in particularly, for the epithelioid variants, have
proven particularly controversial due to the lack of
widely recognized objective diagnostic criteria for
their differential diagnosis, leading to the defini-
tion of epithelioid vascular tumours as “diagnosti-
cally challenging” (1).

All these data taken together are at the basis of
some confusion that surrounds the classification

IMPACT STATEMENT

Key histologic and immnohistochemical features for
a correct diagnosis of vascular epithelioid tumors.

Benign

neoplasm Epithelioid Hemangioma (EH)

Intermediate
malignancy

Pseudomyogenic
Hemangioendothelioma (PHE)

Epithelioid Angiosarcoma (EAS)
Epithelioid
Hemangioendothelioma (EHE)
Table 1. Classification of soft tissue epithelioid vascular tumors.

Malignant
neoplasm

of this rare subset of vascular tumours. For exam-
ple, it has been claimed in the past that epithelioid
hemangioma should not represent a distinct clin-
icopathologic entity, but rather be considered as a
misdiagnosed epithelioid hemangioendothelioma,
a malignant tumour. This example illustrates the
need of a better and more uniform classification of
soft tissue epithelioid vascular tumours, and to give
more accurate prognostic data to oncologists. The
recent identification of the WWTR1-CAMTA1 fu-
sion, as the genetic hallmark of EHE, has provided
an objective and powerful diagnostic tool that can
be used to distinguish EH from EHE, particularly in
cases where only biopsy material is available (4).
The aim of this brief review is to evaluate the patho-
logical and clinical characteristics of epithelioid
vascular tumours, with the aim of giving pathol-
ogists a relatively simple approach, able to make
easier and more reproducible the interpretation of
this complex group of soft tissue neoplasms.

EPITHELIOID HEMANGIOMA (EH)

Pathogenesis

The pathogenesis of epithelioid hemangioma (EH)
is not fully understood and has been long debated;
indeed, it is unclear whether EH represents a be-
nign vascular neoplasm or a reactive process to a
preceding trauma. Fetsch et al. reviewed 96 cases
of superficial and deep soft tissue EH, assessing if
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the lesions arose near damaged vessels and the
incidence of previous trauma. In 52 cases of EH
with an artery or vein associated with the mass,
the vessel was damaged and showed fibrointimal
proliferation, discontinuity of the internal elastic
lamina, and/or mural disruption. 1 out of 12 pa-
tients with a previous trauma developed an arte-
riovenous malformation and then an EH. Based
on these findings, the Authors suggest that a sig-
nificant percentage of EH of soft tissue arise on a
reactive basis probably secondary to damage and
repair of an artery or vein (5, 6).

Epidemiology

HE is most frequently present in adults, between
20 and 40 years, but the age of insurgence ranges
from 7 to 81 years (table Il). A female predomi-
nance has been reported (table Ill).

Clinical features

Most tumors occur in the head and neck region,
the area around the ear representing the most
typical site of EH. Other possible locations include
the skin of the extremities (arms, hands, feet, tib-
ia), followed by the trunk (ribs, vertebras, axilla,
clavicle). Occasionally, EH may occur in deep soft

-lma!m

7-81  20-40
EHE >10 50 <10
PHE 31
EAS 55 1.5 months
-15 years

Table I1. Age at presentation of ephitelioid vascular tumors (2, 7).
EH: Epithelioid Hemangioma; PHE: Pseudomyogenic Hemangio-
endothelioma; EHE: Epithelioid Hemangioendothelioma; EAS: Ep-
ithelioid Angiosarcoma.

tissues, as well as in multiple organs, including the
liver. Also, bones may be affected. Some patients
present with multiple sites of involvement, more
frequently in hands, in the feet and in the head
and neck region. Multifocality may regard both
bone and soft tissues (7) (table IV).

Erythematous skin papule or subcutaneous nod-
ule, sometimes pruritic. In a percentage of subjects,
EH is characterized by multiple lesions. Peripheral
eosinophilia is detected in 10-20% of carriers.

Histological picture

As shown in figures 1, 2 and 3, at low power, the
tumour may be centred in the dermis or in the sub-
cutaneous fat. It shows a nodular growth pattern
and well-defined pushing margins. A fibromyxoid
blue-stained stroma often subdivides the prolifer-
ating lobules of proliferating vascular structures.
Tumour cells may show different architectural pat-
terns. They can be organized in large vessels, whose
lumen is covered by plump cuboidal or hobnail en-
dothelial cells (figure 1), with abundant eosinophil-
ic or amphophilic cytoplasm. Nuclei are roundish,
with homogeneous finely dispersed chromatin.
Mild nuclear polymorphism may be present. Nucle-
ar atypia is absent. Mitoses are rare or absent and
atypical mitoses lack. Epithelioid tumour cells may
also be arranged in poorly canalized cords or in
solid sheets (figures 2, 3). The eosinophilic appear-

F M M (adults) > F M

(children) < F

Table Ill. Gender prevalence of ephitelioid vascular tumors (2, 7).
EH: Epithelioid Hemangioma; PHE: Pseudomyogenic Hemangioen-
dothelioma; EHE: Epithelioid Hemangioendothelioma; EAS: Epithe-
lioid Angiosarcoma.

HEAD AND NECK REGION

EXTREMITIES ++
TRUNK ++
RETRO PERITONEUM/ABDOMINAL CAVITY -
ORGANS (liver, lungs, heart) 1
BONES -
SKIN/SUPERFICIAL SOFT TISSUE ++
DEEP SOFT TISSUE +

Table IV. Localization of epithelioid vascular tumor (2, 7).

+++ (in children)

+++ +++ +++
++ ++ +

- - +++

+ - ++ (heart, thyroid, adrenal)
+ + -

+++ +++ +

+++ - +++

EH: Epithelioid Hemangioma; PHE: Pseudomyogenic Hemangioendothelioma; EHE: Epithelioid Hemangioendothelioma; EAS: Epithelioid

Angiosarcoma.
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ance of epithelioid cells contrasts with the inter-
posed fibromyxoid stroma. The stroma often con-
tains lymphocytes and eosinophils. Lymphocytes
may condense at the periphery of the tumour, giv-
ing rise to a dense lymphoid cuff in which germinal
centers may be found; for these features, EH previ-
ously was labeled angiolymphoid hyperplasia with
eosinophilia. The inflammatory infiltrate may be
absent in EH. Rarely, EH appears as an intravascu-
lar tumour, appearing as a well-circumscribed solid
mass with a less prominent inflammatory compo-
nent. Intravascular epithelioid hemangiomas char-
acterized by a solid architecture, with rare vascular
channels. Tumour cells shows an epithelioid ap-
pearance, with clear large cytoplasm, with admixed
numerous eosinophils (table V).

Immunohistochemistry

SMA underlines the layer of SMA-positive pericytes
surrounding the epithelioid vascular tumour cells,
organized in compressed vascular structures. Immu-
noreactivity of epithelioid cells for cytokeratins and
EMA, when present, is focal but they are typically
immunoreactive for CD31(figure 4) and for ERG (8).
FOSB expression can be seen as well (9-11) (table VI).

Genetics

One third of cases of classical epithelioid hemangioma
are characterized by FSO/FSOB rearrangements (12).
Recently, a cellular variant has been described, show-
ing a FOSB (19g13.2) involvement (13) (table VII).

Differential diagnosis
The main differential diagnosis is with epithelioid

Figure 1. EH: schematic representation shows large vessels with
lumen covered by plump cuboidal or hobnail endothelial cells.

angiomatous nodule, epithelioid hemangioendothe-
lioma, and epithelioid angiosarcoma (7). Epithelioid
angiomatous nodule (EAN) is negative for FOSB, a
marker expressed by ~50% of epithelioid heman-
giomas (11, 10). EHE shows characteristic myxo-
chondroid matrix, cord-like growth pattern, and the
absence of overt vasoformation (14). Epithelioid an-
giosarcoma has an architecturally complex vessels
lined by atypical epithelioid endothelial cells (15)

Prognosis

HE is generally considered a benign lesion, but re-
currences are not rare, representing about 30-50%
of cases. Its metastatic potential is generally con-
sidered to be absent, even though in one case a
lymph node micro metastasis has been reported.

Zn S LW e aw i ; - L:‘ \
Figure 2. £H (E-E 20HPF): tumour cells may arranged in poorly canalized
cords or in solid sheets; lymphocytes and eosinophils in stroma

finely dispersed chromatin. Mild nuclear polymorphism. Nuclear
atypia is absent
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WELL
FORMED
VASCULAR
CHANNEL

SOLID
SHEET-LIKE
PROLIFERATION

LOBULAR
PROLIFERATION

CORD-LIKE/NEST
GROWTH PATTERN

INFLAMMATORY
INFILTRATE

MYXO-HYALINE
MATRIX

PHE N + N N 45 N
EHE N N + N N +
EAS N + N v N N
BLISTER
CELLS NUCLEAR ATYPIA INFILTRATIVE MARGINS HIGH MITOTIC RATE ATYPIC AL MITOSES
EH N N N % N
PHE \Y +° + N N
EHE + +° ¥ N N
EAS + +°° + + +

Table V. The most important distinguishing histological features of epithelioid vascular tumors (2, 7).
EH: Epithelioid Hemangioma; PHE: Pseudomyogenic Hemangioendothelioma; EHE: Epithelioid Hemangioendothelioma; EAS: Epithelioid
Angiosarcoma; V: variable; N: not a halmark.*Eosinophilis and Lymphocytes; **Neutrophili; © Mild-Moderate; °® Moderate-Severe.

" cicoz+ | ERG | FLt | co31 | INIT | C30 | GATA3 | SA | D240 | PR | CAMTA1 _
+ ++ 5 5 ++ - - -

EH -/+ + ++ +

PHE + - + + +/- + - - - - - -
EHE -/+ + 4 +4 +4 + - - - - - +
EAS -/+ -/+ ++ ++ ++ + -+ -/+ - -+ - -

Table VI. The most important distinguishing immunohistochemical features of epithelioid vascular tumors (2, 7).
EH: Epithelioid Hemangioma; PHE: Pseudomyogenic Hemangioendothelioma; EHE: Epithelioid Hemangioendothelioma; EAS: Epithelioid
Angiosarcoma.

FOS or FOSB rearrangements (Classical)
ZFP36-FOSB fusion gene (Cellular variant)

t(7;19) Serpine 1/FOSB fusion gene

WWTR1-CAMTA1 fusion gene t(1;3)
YAP1-TFE3 fusion gene (a small subset)

No consistent genetic abnormalities in most primary EAS

Table VII. The most important distinguishing genetic hallmarks of epithelioid vascular tumors (2, 7).

EH: Epithelioid Hemangioma; PHE: Pseudomyogenic Hemangioendothelioma; EHE: Epithelioid Hemangioendothelioma; EAS: Epithelioid
Angiosarcoma.

EPITELIOID
HEMANGIOENDOTHELIOMA (EHE)

Local recurrence of HE or lymph node involvement
is a rare complication after incomplete resection
of the tumour (16). Lesions in bone are often more
aggressive and are of intermediate grade.
Pathogenesis

Therapy Etiologic factors in EHE have not been established

Given that EH does not metastasize tumor excision
with broad margins is considered the treatment of
choice (14). Other local treatment options include
laser cauterization, diathermy, cryotherapy, intrale-
sional injections of corticosteroids and radiotherapy,
depending also on the site of EH occurrence (17, 18).
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yet. The role of radiation treatment was assessed.
Irradiation might indeed induce a oncogenic effect
both directly and indirectly, through prolonged
tissue repair stimulation, as a consequence of ir-
radiation-induced vascular changes and tissue
damage (19). In 1989, Akosa et al. described the
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EHE occurrence in the terminal ileum of a patient
who had received radiotherapy for cervical can-
cer treatment (20). Another case of post-radiation
EHE concerns a 28-year-old female patient who
had received radiotherapy (total dose: 30 Gray) 18
years earlier for a recurrent congenital subcutane-
ous hemangioma of the lower leg (19). Hahn et al.
reported the case of a woman with breast cancer
and post-resection radiotherapy history who de-
veloped an EHE of the chest wall skin 3 years after
the radiotherapy completion. Molecular analysis
showed the presence of the typical WWTR1-CAM-
TA1 fusion gene. According to the authors, this
finding does not validate radiation as a causality
factor of oncogenesis, but at the same time an as-
sociation between breast skin radiation and occur-
rence of EHE cannot be excluded (21).

The association with occupational factors has been
suggested for EHE. Attanoos et al. described three
cases of pleural EHE occurring in patients who had
a history of professional exposure to asbestos.
These subjects had a latency period from exposure
to tumour occurrence which was similar to that
seen in asbestos-related mesotheliomas, ranging
from 18 to 60 years (22).0ccupational exposure to
vinyl chloride has also been suggested as an etio-
logic agent of EHE, with a not negligible number of
case reports available in literature (23, 24).

The hormonal influence was considered as a po-
tential etiologic factor for liver EHE due to its higher
rate in the female sex in child bearing age; more-
over, an association with hormonal treatment and
oral contraceptive use was also suggested (25, 26).
However, this does not explain the cases of EHE in
males and children (25). Other authors have cor-

7} e Pacr - 8 i
Figure 4. EH (40HPF): Immunoistochemistry expression of CD 31

related EHE with viral hepatitis or major trauma or
with occupational exposure to vinyl chloride. Viral
hepatitis (HBV and HCV) have also been taken into
consideration as well as occupational vinyl chloride
exposure (25, 27, 28). Despite these hypothesis
and literature reports, the exact pathogenesis of
EHE has not been clearly defined yet and requires
further investigation.

Epidemiology

EHE mainly affects young and adults, with a mean age
of 50. Even though the majority of documented cases
of EHE arise in adults, EHE has even been reported
even in children of less than 10 years (29) (table 2).
EHE occurs more frequently in female (table IlI).

Clinical features

EHE may occur anywhere in the body. It may rise in
deep soft tissues or in the skin. The extremities are
the principal site of origin, accounting for about
60%, followed by head and neck, trunk and medi-
astinum. In about 10% of cases, EHE originates in
the oral cavity, as well as in multiple organs includ-
ing bones, lungs, breast, liver, brain, and lymph
nodes. EHE may be multicentric (7) (table IV).

EHE when localized in the skin, EHE appears as an
exophytic dermal nodule which develops, in about
50% of cases, near a large vein.

Histological picture

At low power, the typical appearance of EHE is
characterized by large epithelioid cells arranged in
nests, cords and laminae embedded in an abun-
dant myxohyaline or dense sclerotic stroma. Tu-
mour margins are clearly infiltrative. At higher
power, tumour cells show an abundant glassy
eosinophilic cytoplasm, and cell borders are often
very well defined. Nuclei are round or oval, vesic-
ular, and characterized by an evident nucleolus. A
convincing vasoformative character usually lacks,
but single tumour cells often show vacuoles. These
vacuoles are considered a sign of incomplete vas-
cular differentiation of tumour cells (figure 5). Nu-
clear atypia is often absent or, more rarely, mild,
evidenced by dark polydimensional and polymor-
phic nuclei (table V).

Immunohistochemistry

The tumor cells are immunoreactive for CD31,
CD34, ERG and FLI1. Keratin expression can be
seen as well. SMA positive cuffs are usually lack-
ing. Recently, nuclear expression of CAMTA1 has
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been identified in the majority of EHE cases. Given
that other epithelioid mesenchymal neoplasms
are negative for CAMTA1, immunohistochemistry
for CAMTA1 represents a new useful tool in distin-
guishing EHE from other histologic mimics, includ-
ing multiple benign epithelioid vascular tumors,
epithelioid angiosarcoma, and epithelioid sarco-
ma (30). Although all of the EHEs are CAMTA1-pos-
itive at immunohistochemistry, less than 30% of
EHEs show nuclear immunostaining for TFE3.
Accordingly, two clinically distinct subgroups of
EHEs, TFE3-positive and TFE3-negative have been
identified. TFE3-positive EHEs are more vasoform-
ative and associated with high-grade nuclear atyp-
ia and hypercellularity than TFE3-negative EHEs
(31) (table VI).

Genetics

EHE is characterized by recurrent translocations
involving chromosomal regions 1p36.3 and 3q25,
t(1;3) (p36.3;925), resulting in the formation of a
WW domain-containing transcription regulator
1 (WWTR1) (39g25) and calmodulin-binding tran-
scription activator 1 (CAMTAT1) fusion gene in ap-
proximately 90% of cases (32). A small subset of
EHE is characterized by a Yes associated protein
1(YAP1)-transcriprion factor E3 (TFE3) fusion gene
(31) (table VII).

Differential diagnosis

EHEs are frequently confused with nonendothelial
tumours, such as carcinomas and melanoma but
these cases are negative for endothelial markers.
Epithelioid sarcoma and epithelioid hemangio-
endothelioma can show significant immunophe-
notypic overlap but epithelioid sarcoma have a
multinodular architecture. EAS show important
cytologic atypia, pleomorphism, and higher mitot-
ic activity (14). At immunohistochemistry analysis,
nuclear expression for CAMTA1 is sensitive and
highly specific for diagnosis of EHE(33)

Prognosis

Complete resection of EHE is generally associated
with good outcome. Natural evolution of paediat-
ric visceral EHE, including liver and lung EHE, is var-
iable, and long-term prognosis remains unclear. In
a recent multivariate analysis of 51 cases of EHE,
size greater than 3 cm and greater than mitotic fig-
ures per 50 HPFs predicted an adverse outcome;
atypia was not an independent adverse factor (34-
36). In an other study, Shibayama demonstread
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Figure 5. EHE: schematic drawing shows large epithelioid cells

embedded in an abundant myxohyaline or dense sclerotic stroma.

that a subset of EHE with aberrant expression of
Sinaptophysina may have a potential aggressive
diagnostic implication (36).

Therapy

Treatment options include observation, preoper-
ative embolization, surgical resection followed by
radiotherapy and/or chemotherapy (24), immuno-
therapy, targeted therapy, chemotherapy and ra-
diotherapy and should be adapted to the primary
site of the tumour. Observation is reserved for in-
dolent EHE, for patients who are not surgical candi-
dates due to comorbidities or technical challenges
and for those with asymptomatic locoregional or
systemic metastatic disease (37). Surgical resection
should be performed when possible and should be
done in referral centers with experience of sarcoma
surgery. EHE should be resected en bloc and a cuff
of normal tissue around the tumor surface should
be left, in order to obtain RO margins and mini-
mize the risk of local recurrence (38). As for hepatic
EHE, surgical resection is the treatment of choice
for stable/slowly progressing unifocal or limited lo-
coregional, technically resectable lesions and it is
curative in at least half of patients. Liver transplan-
tation should be proposed to unresectable EHE pa-
tients and for those who develop tumour-related
liver failure but who are in generally good condi-
tions. Other therapeutic options for patients with
unifocal disease but who are not candidates for
surgery and for those with recurrent liver nodules
after liver resection or transplantation and/or as a
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bridge to liver transplantation are represented by
stereotactic body RT (SBRT), radiofrequency abla-
tion (RFA) and microwave ablation (MWA).

The role of radiotherapy as primary treatment is
not yet defined, and radiotherapy is restricted to
partially resected lesions with positive margins
(adjuvant total dose of 60 Gy in 30 fractions) (39).
In patients with localized and resectable EHE there is
no evidence for systemic treatment in the (neo) adju-
vant setting (37). As for aggressive EHE, various strat-
egies have been retrospectively reported to have
antitumor activity, including interferon, thalidomide,
multi-tyrosine kinase inhibitors with strong vascular
endothelial growth factor receptor inhibitory prop-
erty (sorafenib, pazopanib), and sirolimus (40). Un-
fortunately, a standard medical approach has not
been established yet. No phase Ill randomized stud-
ies have been conducted and the results from only
two phase Il trials have been reported. In the study
by Agulnik et al., the effect of bevacizumab, a recom-
binant humanized antibody against vascular en-
dothelial growth factor (VEGF), was assessed in an-
giosarcoma and EHE; seven patients with EHE were
included, of which two had partial response (PR) and
four had stable disease (SD) (41) In the phase Il study
of the French Sarcoma group testing the effect of
sorafenib in sarcoma patients, 15 patients with EHE
were included; only two had PR and five had SD (42).
Due to the rarity of these tumors, most data derive
from case-reports and small case-series and this is
why a standard of care has not been yet defined.
Conventional chemotherapy that is usually admin-
istered for soft tissue sarcoma has shown very lim-
ited activity (38). A retrospective international case
series from the World Sarcoma Network aimed
to assess the activity of systemic therapies in ad-
vanced EHE. Globally, 73 patients were included
in this observational study. Of them, 21 received
more than one treatment. Thirty-three patients
were treated with anthracyclines-based regimens;
3% achieved PR, 76% SD, 21% developed progres-
sive disease (PD). Median progression free survival
(PFS) was 5.5 months and median overall survival
(OS) was 14.3 months. Eleven patients received pa-
clitaxel and obtained PR in 9% of cases, SD in 55%
and PD in 36%; median PFS and median OS were
2.9 and 18.6 months, respectively. Of the twelve
patients who were administered pazopanib, 25%
achieved SD and 75% PD; median PFS was 2.9
months and median OS was 8.5 months. Fifteen
patients received interferon-a 2b, achieving 7% PR,
73% SD, 20% PD; median PFS and median OS were

8.9 and 64.3 months, respectively. 27 patients were
treated with other regimens; among them, 1 PR (if-
osfamide) and 9 SD (5 gemcitabine plus docetaxel,
2 oral cyclophosphamide, 2 others) were reported.
This analysis confirmed that systemic therapies
available for advanced sarcomas have limited ac-
tivity in EHE (43). For these reasons and for the
lack of robust evidence, chemotherapy should be
reserved to more aggressive or rapidly progressive
EHE with similar behavior to high-grade sarcoma
(38). Among new agents, the highest clinical activity
has been reported for mammalian target of rapa-
micine (MTOR) inhibitors. These drugs showed a
PFS of 1 year and an OS of 2 years; moreover, 10%
of patients reach a longer PFS. Three out of 24 EHE
patients aged 2-26 years of a multi-institutional
case series treated with sirolimus obtained stable
disease or a partial response for more than 2.5
years (44). The Italian Rare Cancer Network report-
ed a retrospective series of 38 adult EHE patients
who received treatment with continuous dosing
sirolimus, 5 mg daily. All patients had a disease
progression in the previous six months. At medi-
an follow up of 41.5 months (interquartile range
[IQR], 23.9-56.8 months), the median PFS was 13
months (95% Cl, 3.7 months to not estimated [NE]),
and the median OS was 18.8 months (95% Cl, 10.6
months to NE). Median PFS was 4.8 months (IQR,
3.5-11.7 months) in patients with serosal effusions
at baseline versus 47.8 months (IQR, 11.4 months
to NE) in those without this clinical manifesta-
tion; data for OS were consistent (median OS 10.6
months [IQR, 5.1-13.0 months] versus 47.8 months
[IQR, 15.7 months to NE]. Globally, sirolimus was
well tolerated; irregular menstruation/ovary dis-
function was observed in 10 patients. Sirolimus led
to prolonged SD in most patients without serosal
effusions, whereas it showed limited activity in
EHE with serosal effusion (45). For these reasons,
mTOR inhibitors represent so far the preferred
treatment options for patients with advanced and
moderately progressive disease (38).

A 62-year-old woman with metastatic pulmonary
EHE was successfully treated with pazopanib,
which provided prolonged stable disease for up
to 24 months (46). Other reported agents used in
pulmonary EHE comprise chemotherapy regimens
and target agents, alone or in combination. Most
data derive from case reports and no consensus
has been reached on the best treatment. Indeed,
all these agents have been investigated alone or in
combination, without showing exciting results, as
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well as radiotherapy. Therefore, the identification
of an effective treatment strategy in this disease is
a urgent medical need. Among the combinations
of various drugs, it is of notice the association of
apatinib, a selective VEGF receptor-2 (VEGFR-2) in-
hibitor, and chemotherapy. In a 64-year-old female
patient with EHE of the lung, four cycles of apatin-
ib combined with doxorubicin/cyclophosphamide
were administered with stabilization of multiple
bilateral nodules and significant improvement of
disease-related symptoms such as chest tightness,
chest pain and cough. Since the patient did not tol-
erate the combination treatment (due to nausea
and neutropenia grade 3-4), chemotherapy was
interrupted and she continued with apatinib mon-
otherapy; the disease remained stable at a follow
up of after 24 months (48).

For the most aggressive EHE, angiosarcoma-type
chemotherapy remains an option; for aggressive
hepatic EHE with or without metastatic lesions, liver
transplant has also been performed in pediatric pa-
tients (49). Recently, a targeted radionuclide thera-
py has been proposed for metastasizing EHE (28).
Moreover, data obtained from the genomic analy-
sis of EHE using next-generation sequencing (NGS)
have been shown to be significant for the planning
and monitoring of treatment for this entity (29).
However, to date, no standard agents demonstrat-
ed clinically significant activity, so the best option is
to strongly encourage these patients to participate
in clinical trials.

WPSEUDOMYOGENIC
HEMANGIOENDOTHELIOMA (PHE).

Pathogenesis

PHE is characterised by peculiar gene fusions in-
volving FOSB gene with SERPINE1, ACTB, or WWTR1
(50). Ye et al. reported a case of PHE secondary to
fibrous dysplasia of the left lower extremity in a
14-year-old female (51). However, due to the ex-
treme rarity of this tumour, no sure data on etio-
logic factors are available.

Epidemiology

PHE is a typical tumour of young adults, with a mean
age at presentation of 31 years. A wide age category
may nevertheless be affected, including 12 year-old
children (52) (table VII). PHE is a typical soft tissue
tumour of males, with a M/F ratio 5/1 (table III).
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Clinical features

PHE presents as single, but more often as multiple
dermal/subcutaneous nodules, in the lower limbs
(54%), upper limbs (24%) and trunk (18%). Less
frequently, PHE is localized in bones (14%) or in
head and neck (4%) (table IV). Because of multifo-
cality in 2/3 of patients, a PET scan is indicated to
visualize clinically occult deep lesions (7). At clini-
cal examination, a single subcutaneous nodule or,
in 66% of patients, multiple nodules, that may be
painful or painless, characterize the clinical pic-
ture. The skin of the lower limbs is the preferential
localization. Nodules may be superficial, centred
in the dermis, or subcutaneous. In about 50% of
patients, additional tumoral nodules may be pres-
ent in muscles and, in a minority of cases, bony
lesions may be detectable at radiology.

Histological picture

PHE appears as a nodular lesion with irregular in-
filtrative margins, with tumour cells extending into
the surrounding dermis and in the subcutaneous
fat tissue. A plexiform pattern may be occasionally
observed. Regarding the architectural pattern, tu-
mour cells are arranged in short irregular fascicles
and sheets. Multiple cell types may be observed in
PHE. The majority of tumour cells are character-
ized by a spindle nucleus and by and abundant
eosinophilic cytoplasm. A minority of cells show a
polygonal shape and an epithelioid morphology.
Scattered cells show a rhabdomyoblast-like ap-
pearance, with abundant eosinophilic cytoplasm
displacing the nucleus at the periphery of the cell.
Nuclei are vesicular, with evident or prominent nu-
cleoli. A prominent inflammatory intratumoral in-
filtrate, mainly of neutrophilic PMN, is detectable
in about half of cases. Mitoses are rare (9) (figures
6, 7) (table V).

Immunohistochemistry

The immunohistochemical pattern is character-
ized by a strong diffuse cytoplasmatic reactivity
of tumour cells for cytokeratins (AE1/AE3) (figure
8 a) and by a diffuse nuclear staining for ERG (fig-
ure 8 b) and FLI1. INI1 reactivity is conserved in
tumour cells. Focal staining for CD31 is observed
in 50% of cases, whereas only a minority of cas-
es show focal immunostaining for EMA and SMA.
FOSB immunohistochemistry can be a useful ad-
junct (10) because diffuse nuclear immunoreac-
tivity for FOSB was demonstrated in 96% of PMH
(53) (table VI).
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Figure 6. PHE: schematic drawing shows characteristic features of PHE.

Genetics

Recently, molecular studies aimed at revealing a
putative fusion gene characteristic of this tumour
entity revealed, that the sole cytogenetic change
t(7;19) (g22;913) results in fusion of SERPINE1 and
FOSB genes (54). Given that this fusion gene has
not been described in other soft tissue tumours,
the detection of SERPINE1/FOSB fusion gene is
considered diagnostic for PHE (table VII).

Differential diagnosis

The main differential diagnosis is epithelioid sarco-
ma which is characterized by the absence of INI1
expression. Pseudomyogenic hemangioendotheli-
oma is positive for AE1/AE3, CK7, vimentin, CD31,
FLI-1, ERG, and INI-1 (55). Another differential diag-
nosis is with leiomyosarcoma or rhabdomyosarco-
ma but pseudomyogenic hemangioendothelioma
lacks expression of myogenic markers (14).

Prognosis

The prognosis of PHE is generally good, even
though recurrences may present after resection
of the nodule(s) in 2/3 of patients. Less frequent-
ly, metastases to loco-regional lymph nodes have
been reported. A rare case of PHE with distant
metastases, occurring 16 years after presentation,
has been reported (3). Only 3 cases of PHE with
distant metastases, occurring 4, 8.5, and 16 years
after initial diagnosis, has been reported (52). Pos-
sible prognostic factors to predict recurrence and
metastasis include multifocality, age at presenta-
tion, gender, and size of the lesion(s) (56).

Therapy

This malignancy is characterised by an indolent be-
haviour, with high rate of local recurrence and low

Figure7. PHE (HE, 40HPF): histological picture withrhabdomyoblast-
like cells (arrowheads).

risk for metastasis after surgical resection. A con-
servative surgical approach is generally considered
the best therapeutic option in PHE. The multifocality,
associated with deep extension of the tumour into
the subcutaneous tissue and the underlying mus-
cles may be at the basis of a more aggressive sur-
gical approach. As for medical treatment, PHE does
not benefit significantly from chemotherapy and
radiotherapy, suggesting a marginal role of these
two strategies in the control of this disease. Wei et
al. reported data on 13 patients who had received
adjuvant treatment (chemotherapy or radiotherapy)
after surgery; 38.5% of them experienced disease
progression (57). Only very few cases of response
of PHE to chemotherapy have been reported in lit-
erature and no guidelines are available regarding
chemotherapy selection for adults and children. Jo-
seph et al. described the case of a 45-year-old man
with PHE of the right ilium who was treated firstly
with intra-arterial cisplatin (120 mg/sqm) every 3
weeks, then switched to intravenously adminis-
tration with slow infusion rate due to hearing loss.
PET-CT scan showed a minor response to cisplatin
but since the hearing loss worsened, the patient
was administered the combination of gemcitabine
(900 mg/sgm) plus docetaxel (100 mg/sgm) every
3 weeks. Re-evaluation with PET-CT showed a sig-
nificant response to chemotherapy. The treatment
was stopped because of pulmonary toxicity; when
disease progression occurred, the patient was treat-
ed with paclitaxel 80 mg/sgm for 4 months and he
achieved disease stabilization for 16 months after
treatment interruption (58). A 36-year-old man with
multiple lesions related to PHE in the right lower leg
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Figure 8 a. PHE: Immunoistochemistry expression of CD 31; h.
Immunoistochemistry expressionof Keratin.

was treated with isolated limb perfusion (melphalan
and TNFa) followed by four cycles of ifosfamide plus
doxorubicin and hyperthermia, which led to SD. In a
22-year-old male patient with multiple PHE lesions
in the thigh, which were not amiable with surgery,
after failure of gemcitabine-docetaxel combination,
treatment with doxorubicin (90 mg/sgm as a contin-
uous infusion over 72 hours) and cisplatin (120 mg/
sgm as an intravenous infusion over 4 hours), was
administered. Dose-adjustment was required after
the occurrence of mucositis, tinnitus, neutropenic
fever and ototoxicity with the first cycle; so cisplatin
was reduced to 100 mg/sgm as a slow infusion over
24 hours and doxorubicin was changed to bolus
with dexrazoxane (90 mg/m2) every 3 weeks. SD was
achieved and the patient underwent surgery (58). A
30-year-old man with PHE of lower limb, in an effort
to preserve his leg, was treated for 10 months (until
he became not compliant) with metronomic oral cy-
clophosphamide plus prednisolone. The size of the
lesions decreased and no new lesions occurred (59).
Two inhibitors of the mammalian target of rapamy-
cin (MTOR), namely everolimus and sirolimus, were
attempted in PHE patients, based on the association
between defects in the mTOR growth control path-
way and PHE (60). Everolimus was administered to
a 15-year-old child, showing improvement of symp-
toms and tumour regression (61). In a 22-year-old
patient with PHE harbouring TSC1 mutation, third-
line treatment with everolimus provided a noticeable
response in the metastases in the supra-acetabular
region of the leftiliac bone (58). Moreover, a 51-year-
old woman with recurrent PHE and mutation of
SKP2, a negative regulator of the mTOR complex, was
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treated with everolimus and achieved disease stabi-
lisation for a year (57). Sirolimus was administered
to a 9-year-old child and led to significant clinical im-
provement and stabilization of tumor lesions, with an
acceptable safety profile (60). Another case-report
regards a 17-year-old patient with advanced, unre-
sectable PHE, treated with telatinib, an orally availa-
ble multi-tyrosine kinase inhibitor targeting VEGFR,
platelet derived growth factor receptor (PDGFR), and
KIT. The patient received telatinib for 9 years after di-
agnosis and obtained durable complete remission,
being disease-free for 4 years after treatment stop.
Telatinib was well tolerated; the patient reported no
adverse events other than headache (62). Therefore,
targeted therapy seems promising in PHE patients,
especially after disease recurrence, but requires fur-
ther research with prospective, larger trials

EPITHELIOID ANGIOSARCOMA (EAS)

Pathogenesis

EAS is rare, high grade malignant vascular neo-
plasms (63). In the majority of cases, the aetiology
still remains unknown. Radiotherapy associated
EAS has been reported in the urinary bladder and
prostate (64); moreover EAS has been associated
to chronic lymphedema of congenital origin (65)
EAS of the liver has been associated to occupation-
al exposure to thorium dioxide colloid (thorotrast)
and vinyl chloride up to one fourth of the cases (66,
67). In a review of 25 sarcoma patients (16 intra-
hepatic and 9 extrahepatic), 1 subject with hepatic
angiosarcoma had a history of industrial exposure
to vinyl chloride monomer for nine months 5 years
before developing the tumour (68).

Both treatment with arsenic salts and environmen-
tal/professional exposure to arsenic (especially of
vineyard cultivators) have been related to EAS oc-
currence (69, 70). Salgado et al. published the case
of hepatic EAS treated with Neosalvarsan (dioxidi-
aminoarsenobenzol) 46 years before and previous
reports include 6 cases related with treatment with
arsenic salts and 4 cases of arsenic environmental
exposure (69). Livatidou et al. reported the case of
EAS developed in the adrenal gland in a vineyard
cultivator who had been exposed to arsenic-con-
taining insecticides for over 20 years (70).

Copper exposure has been suggested to be a
predisposing/etiologic factor for EAS occurrence
through the same mechanism as arsenic, namely
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by hyperplasia of the hepatocytes and of the sinu-
soidal endothelia, dilation of the sinusoids, fibro-
sis of the portal spaces and/or cirrhosis, idiopathic
portal hypertension and finally malignant transfor-
mation of the hyperplastic endothelia (70, 71).
The use of androgenic steroids was also associ-
ated to occurrence of liver EAS. More specifically,
long-term use of androgenic-anabolic steroids is
considered to be the fourth cause of EAS (72, 73).
However, in the majority of cases, EAS's etiology
still remains unknown.

Epidemiology

Middle-aged and elderly adults (mean 55 years) are
mainly affected. Paediatric cutaneous angiosarco-
ma show predominantly an epithelioid morphology
(80%), patient ages ranging from 1.5 months to 15
years (74). Contrasting with adults in whom males
are preferentially involved, paediatric epithelioid
angiosarcoma preferentially affects female children
(table 11), with a F/M ratio of 8/2(74) (table 111).

Clinical features

EAS most often arises in the deep soft tissues of
the lower extremities (60%), followed by the retro
peritoneum and the abdominal cavity. The locali-
zation in the superficial soft tissues and in the skin
is rare (75). Organs (heart, thyroid, adrenal) are not
rarely involved. In children, preferred locations for
EAS are the skin of head and neck (paediatric cu-
taneous epithelioid angiosarcoma) and mediasti-
num (76) (table IV). Angiosarcoma may also pres-
ent in the liver in paediatric patients (77).
Paediatric cutaneous epithelioid angiosarcoma pre-
dominantly presents in teeth skin of the lower ex-
tremities, being commonly associated with a pre-ex-
isting condition, including congenital lymphedema,
and congenital hemangioma treated with radiation
therapy (74).

Histological picture

Angiosarcoma predominantly shows a diffuse ep-
ithelioid morphology, with predominantly solid
architecture. Tumour cells are large, polygonal or
rounded, with abundant eosinophilic glassy cyto-
plasm and large vesicular nuclei with prominent
eosinophilic nucleoli. Some hyaline globules may
be observed within the cytoplasm (figure 9). Sol-
id areas may be associated with focal zones char-
acterized by vasoformative architecture, with vas-
cular channels lined by neoplastic endothelium
forming intraluminal buds. Epithelioid cells may be

arranged in nests, clusters, papillae, and vascular
channels. In cases in which the histological pattern
is characterized by complex anastomosing vascular
structures, lined by plump epithelioid endothelial
cells and a slit-like lumen, the true vascular nature
of tumour cells may be difficult to recognize. Rare
cases of EAS are characterized by a mixed epithe-
lioid and spindled pattern. Mitotic activity is varia-
ble, ranging from 1 to 55 mitotic figures per 10 high
power field. Atypical mitotic figures are often found
(figure 10). Necrosis is detected in about 50% of
cases. In cases with a predominant solid growth
pattern, only intracytoplasmic vacuoles, with occa-
sional blood red cells inside, can represent a clue
for a correct diagnosis (34) (figure 11) (table V).

Immunohistochemistry

At immunohistochemistry, tumor cells are immuno-
reactive for vascular markers, with CD31, ERG (figure
12 a), D2-40 and FLI-1 offering the highest sensitivity.
In contrast with EHE, many angiosarcomas with an
epithelioid appearance do not show a significant im-
munostaining for CD34 (figure 12 b), which contrasts
with the strong reactivity for CD31 (15). Cytokeratin
expression may be found in two thirds of the cases,
whereas and epithelial membrane antigen was posi-
tive in 25% of the cases. SMA positive cuffs are usual-
ly lacking (78). Aberrant expression of INSM1 can be
seen in a subset of angiosarcomas often with diffuse
labeling with diagnostic confusion (79) (table VI).

Genetics

Whereas most radiation-induced angiosarcomas
show MYC gene amplifications, with a subset of
cases harboring KDR, PTPRB, and PLCG1 muta-
tions, the genetic abnormalities of most primary
angiosarcomas, including the epithelioid variant
remain undefined (80). Recently, the finding of CIC
-rearrangement in angiosarcoma has been asso-
ciated with lack of vasoformation, a solid growth
pattern and with the epithelioid variant of angio-
sarcoma (81) (table VII).

Differential diagnosis

EAS are often confused with poorly differentiated
carcinoma, melanoma, epithelioid sarcoma, and
anaplastic large cell lymphoma but in this cases
immunohistochemistry is relevant. The most im-
portant differential diagnosis is epithelioid sarco-
ma: nuclear SMACB1 (INI-1) protein expression is
preserved in angiosarcomas. Morphologically, ep-
ithelioid angiosarcoma differs from other epithe-
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Figure 9. EAS: schematic representation shows polygonal or rounded
cells, with abundant eosinophilic glassy cytoplasm and large nuclei
with prominent eosinophilic nucleoli, atypical mitotic figures, necrosis.
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Figure 10. EAS (HE, 20HPF): large epithelioid cells in solid nest;
mitotic figures are frequent (arrows).

Figure 11. EAS (HE, 40HPF): tumor cells may be separated by
extravasated red blood cells.

lioid vascular tumors for marked cytologic atypia,
mitotic activity, and tumor necrosis (82).

Prognosis
These tumours are very aggressive, half of the pa-
tients die within one year.

Therapy

Data on treatment modalities for EAS are limited to
retrospective studies and case series. Aggressive
surgical excision, radiotherapy and/or chemother-
apy is the treatment of choice for resectable EAS,
although there is no compelling evidence for adju-
vant chemotherapy and radiotherapy. High dose
adjuvant radiotherapy (> 50 Gy) and wide treat-
ment field (considered in non-radiation-induced
cases) are recommended due to the high risk of lo-
cal recurrence. No formal radiotherapy trials have
been done, but retrospective studies suggest that
it improves local control and survival (83, 84).

EAS have high malignant and strong invasiveness,
with a high tendency for both local recurrence and
distant metastasis and the prognosis is very poor
(85-87). Disease control is the objective in meta-
static angiosarcoma, with published rates between
3 months and 7 months (33) and a median over-
all survival (OS) rate of 14 months to 18 months
(34). In both adults and children, 5-year OS rates
between 20% and 35% are reported (11).

To date, no effective standardized treatment regi-
men is available for patients with recurrence/met-
astatic EAS. The multimodality approach consisting
of surgery, radiotherapy, chemotherapy and tar-
geted therapy produces better outcomes regard-

Bkl O] O - B PNRSPTETE . ; e
Figure 12 a. EAS: immunoistochemistry expression of ERG; b.
immunoistochemistry expression of D2-40 (40HPF).
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less of the location of the tumor (88, 89, 85).

The association of doxorubicin with ifosfamide
versus single agent doxorubicin was related to bet-
ter survival (90).

In the prospective phase 2 ANGIOTAX study, pacl-
itaxel showed a partial response in 18.5% of pa-
tients (n = 5) with a PFS of 4 months. In this study
weekly paclitaxel demonstrates better response
rates for angiosarcoma than doxorubicin, the first-
line agent for soft tissue sarcoma (91). However,
no significant difference in PFS between treatment
groups is reported. Unfortunately, even in combi-
nation with target agents such as bevacizumab re-
sponse rates remained disappointing (92), (93-95).
In recent years, next-generation technologies have
been introduced in identifying individualized tar-
geted therapy for angiosarcoma, including the
anti-VEGFR therapy and the mTOR inhibitors such
as everolimus (35). Reports of complete remission
after the combined use of preoperative radiation
therapy and bevacizumab, followed by surgery,
have been described (96).

Anti-VEGF therapies have been found to suppress
growth and act synergistically with radiation in
many human tumor lines (97-99). Both sorafenib,
a small molecule inhibiting BRAF and VEGFR, and
pazopanib, inhibiting VEGFR, PDGFR showed po-
tential benefit for EAS treatment (100-102).

The identification of Phospholipase Gamma1 (tPL-
CG1-R707Q) mutation may confer VEGFR2-inde-
pendent signaling, thus causing resistance against
VEGF(R)-directed therapies (36). Zhang et al report-
ed two cases with recurrence/metastatic EA, who
received everolimus after failure of surgery, radio-
therapy, chemotherapy or interventional therapy.
Both cases obtained clinical benefit within 1 week
and were evaluated as partial response (PR). PFS
was nearly 12.0 and 6.0 months, respectively. OS
was 18.0 and 10.0 months, respectively. The main
adverse event was stomatitis syndrome (grade
1-2), which was well controllable and tolerable (85).
Recently, the role ofimmunotherapy has been in-
vestigated in EAS. A 63-year-old man with EAS of
the nose progressing in the face and liver 4 years
after surgery and refractory to nab-paclitaxel,
surgery, and radioembolization, was treated with
off-label pembrolizumab, an anti-PD1 antibody.
EAS was found to express PD-L1 and he was ad-
ministered pembrolizumab 2 mg/kg every 21
days for 13 cycles. The patient had a sustained
response, with significant shrinkage of liver and
facial metastases and did not develop PD during

the 8 months off therapy due to hepatitis occur-
rence requiring decreasing doses of prednisone
(103). Further investigation is required to assess
the role of immune checkpoint inhibitors in EAS.

CONCLUSIONS

The diagnosis of vascular tumours represents
a complex and very difficult area in the field of
soft tissue tumours. Epithelioid vascular tumours
pose a particular challenge, mainly due to the ep-
ithelioid morphology of tumour cells. In clinical
practice, vascular neoplasms characterized by an
epithelioid appearance may mimic and can be
misdiagnosed as a variety of other tumour enti-
ties, including metastatic carcinoma or epithelioid
sarcoma. Furthermore, the differential diagnosis
of the multiple variants of epithelioid vascular tu-
mours here reported can be difficult and may have
relevant clinical consequences, given the marked
differences in prognosis and therapy. In this re-
view, the most important clinical, morphologic,
immunohistochemical and molecular genetic fea-
tures useful for a correct diagnosis of epithelioid
vascular tumours have been reported. Regarding
the immunohistochemical markers to be used to
detect the endothelial nature of epithelioid cells,
CD31 and ERG are the most useful, although
they are not specific (104, 41). CD31 also labels
macrophages and ERG expression can be seen
in half of the epithelioid sarcomas and prostate
carcinomas as well as in some Ewing sarcomas
and chloromas, and in normal lymphocytes. The
knowledge of some key histological features of
this group of soft tissue tumours, associated with
an optimal use of immunohistochemical markers,
may represent the clue for a correct diagnosis of
vascular tumours with an epithelioid appearance,
allowing the optimal therapeutic approach to
these challenging tumours.
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