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The term “hemangioendothelioma” is used for endothelial neoplasms of intermediate malignancy and describes a
group of rare neoplasms having biologic behavior falling in between that of the benign hemangiomas and fully
malignant angiosarcomas. The hemangioendotheliomas fall into several specific, clinicopathologically and
genetically distinct entities, specifically epithelioid hemangioendothelioma, kaposiform hemangioendothelioma,
papillary intralymphatic angioendothelioma and retiform hemangioendothelioma (hobnailed hemangioendo-
thelioma), pseudomyogenic hemangioendothelioma, composite hemangioendothelioma, and YAPI::TFE3-fused
hemangioendothelioma. The clinical, morphologic, immunohistochemical, and genetic features, and the differ-
ential diagnosis of each of these rare entities are discussed in this review.

1. Introduction

Unlike epithelial neoplasms, which are generally dichotomized as
either “benign” or “malignant”, the classification of mesenchymal neo-
plasms is more complex, and includes two additional categories, “in-
termediate  (locally aggressive)” and “intermediate (rarely
metastasizing)” [1]. The term “hemangioendothelioma” is used for
endothelial neoplasms of intermediate malignancy and describes a
group of rare neoplasms having biologic behavior falling in between that
of the benign hemangiomas and fully malignant angiosarcomas.
Although the term “hemangioendothelioma” was sometimes used in the
past as a synonym for angiosarcoma, this archaic terminology should be
avoided. As will be discussed, the hemangioendotheliomas represent
several clinicopathologically distinct entities, and thus this diagnosis
should always be preceded by a modifier (e.g., epithelioid heman-
gioendothelioma, retiform hemangioendothelioma). The clinical
behavior of each member of the hemangioendothelioma group is
distinct, ranging from those with locally recurring potential but almost
no metastatic risk, such as kaposiform hemangioendothelioma, to tu-
mors with considerable potential for distant spread, such as epithelioid
hemangioendothelioma.
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2. Epithelioid hemangioendothelioma
2.1. Clinical features and outcome

Epithelioid hemangioendothelioma (EHE) may occur in patients of
any age but are quite rare in children [2,3]. The tumors may occur in soft
tissue, cutaneous, osseous, and visceral locations, in particular the liver
and lungs. Hepatic and pulmonary EHE more often occur in women;
EHE in other locations do not show a predilection for either sex. The
tumor most often presents as a solitary, sometimes painful mass. When
EHE arise in association with a blood vessel, as occurs in roughly 50% of
cases, patients may present with symptoms of vascular occlusions, such
as edema or thrombophlebitis. EHE of the liver and lung are frequently
multicentric at the time of presentation. In a recent large series of EHE
from Memorial Sloan Kettering Cancer Center, EHE of the lung (without
known primary tumors elsewhere) accounted for 37% of cases, followed
by soft tissue locations (20%), liver (16%) and bone (4%) [4]. Roughly
20% of patients in this series presented with synchronous tumors
involving either the lung and liver, or lung and bone.

EHE can metastasize to lymph nodes and distant locations, in
particular the lung, and metastatic disease should always be excluded in
patients with pulmonary involvement. Metastases occur in between 20
and 30% of patients, and 15-20% of patients eventually succumb to
disease [2,4,5]. For this reason, it has been suggested that EHE should be
classified as a fully malignant, rather than intermediate vascular tumor.
However, even in the setting of metastases, outcome for EHE is
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considerably better than for conventional angiosarcoma, with a 5-year
disease-specific survival of approximately 80% in EHE as compared
with 50% 1-year disease-specific survival in angiosarcoma [5]. Simi-
larly, the projected 5-year survival of patients undergoing orthotopic
liver transplantation for multifocal hepatic EHE is over 75%, similar to
that of patients receiving liver transplantation for non-malignant pro-
cesses [6]. Both pathologic parameters, such as tumor size >3 cm and
mitotic activity >3 mitoses per 50 high-powered fields [5] and clinical
parameters, including multifocality, pleural involvement, lymph node
or distant metastases have been associated with worse outcome for pa-
tients with EHE [4].

2.2. Morphologic and immunohistochemical features

The morphologic features of EH are illustrated in Fig. 1. EHE arising
from blood vessels may closely resemble organizing thrombi, except that
they are densely adherent to the adjacent soft tissues. EHE otherwise
appear as non-specific, grey to white masses, sometimes with
calcification.

The most characteristic feature of EHE, and the one most helpful for
distinguishing it from potential mimics such as epithelioid hemangioma
and epithelioid angiosarcoma, is its distinctive myxochondroid to
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hyalinized matrix. Within this matrix, the small, cytologically bland,
ovoid tumor cells grow in single file arrays, strands, and nests. EHE do
not typically form vascular channels or blood vessels, instead exhibiting
endothelial differentiation only in the form of intracytoplasmic vacuoles
or “blisters,” often containing red blood cells. When EHE arise in asso-
ciation with a blood vessel, the tumor cells emanate from the lumen into
the surrounding soft tissues.

The cells of EHE typically quite bland, with evenly dispersed chro-
matic, regular nuclear outlines, and indistinct nucleoli. Mitotic activity
is generally low to absent. Rarely, areas within EHE may display high
nuclear grade, brisk mitotic activity, and necrosis, reminiscent of
angiosarcoma (“high-grade” EHE; “malignant” EHE) (Fig. 1F). Although
there was at one time debate as to the relationship between such tumors
and conventional EHE, both harbor WWTR1::CAMTA]1 fusions and are
CAMTA1-positive by immunohistochemistry, confirming their rela-
tionship [7].

The immunohistochemical features of EH are illustrated in Fig. 2.
EHE show a typical endothelial phenotype, with expression of von
Willebrand factor (Factor VIII), CD31, CD34 and ERG/FLI-1 proteins
(Fig. 2A-D). Low molecular weight keratins may be expressed in
approximately 25% of cases. Diffuse, strong nuclear expression of
CAMTAL1 protein is seen in nearly all EHE, and is not present in

Fig. 1. Epithelioid hemangioendothelioma (EHE). A) EHE may occur in cutaneous locations, as shown here, or in deep soft tissue, bone, and viscera, in particular the
liver and lung. B) Many patients with EHE have lung metastases at the time of presentation. C) Perhaps the most distinctive feature of EHE is production of abundant,
myxochondroid or hyalinized matrix. D) The cells of EHE are small, epithelioid and uniform in shape, with evenly dispersed chromatin. E) Intracytoplasmic lumen
formation (“blister cells”) are typically the only indication that EHE is showing endothelial differentiation. F) Rarely, EHE show greater pleomorphism and nuclear

atypia, features of so-called “high-grade” EHE.
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Fig. 2. Immunohistochemical features of epithelioid hemangioendothelioma. A) The tumors are essentially always positive for pan-endothelial markers, such as
CD31 (shown), ERG and FLI1. B) Keratin expression may be seen, a potential pitfall when the differential diagnosis includes carcinoma. C) Demonstration of CAMTA1
expression, reflecting underlying WWTR1::CAMTA1 fusion, is diagnostic of EHE. D) Rare genetically confirmed cases of EHE, such as this one, may however be

CAMTA1-negative.

morphologic mimics, including adenocarcinomas and other epithelioid
vascular tumors [7].

2.3. Genetic features

Both conventional and cytologically high-grade EHE usually harbor
the chromosomal translocation t (1;3)(p36.3;q25), resulting in fusion of
WWTR1 on chromosome 3 and CAMTA1 on chromosome 1 [8-11]. Very
rare EHE harbor an alternative fusion event, WWTR1-MAML2 [12].

2.4. Differential diagnosis

Although epithelioid hemangiomas contain cells with intra-
cytoplasmic lumen formation, they lack the distinctive myxochondroid
matrix, single-file growth, and infiltration into surrounding soft tissue
characteristic of EHE. Conversely, although both tumors may originate
from blood vessels, EHE do not show the lobular growth pattern and
eosinophil-rich inflammatory cell infiltrate seen in epithelioid heman-
gioma. CAMTAL expression is not a feature of epithelioid hemangioma,
some of which are FOSB-positive instead [13]. Although epithelioid
hemangiomas may be highly cellular and locally aggressive, particularly
in locations such as bone [14] and the penis [15], they do not “progress”
to EHE.

Epithelioid angiosarcomas are morphologically quite different from
conventional EHE, consisting of solid sheets of clearly malignant,
epithelioid endothelial cells, simulating carcinoma or melanoma. Most
but not all epithelioid angiosarcomas will also contain small vaso-
formative foci, a feature lacking in EHE. The distinction of EHE with
“high-grade” cytology from epithelioid angiosarcoma can be more
challenging. Features which should suggest EHE include the presence of
myxochondroid matrix and small foci resembling conventional EHE. In
challenging cases, demonstration of WWTRI1-CAMTA1 fusion and
CAMTAL1 expression is confirmatory.

The classical, distal extremity type of epithelioid sarcoma also enters
the differential diagnosis of EHE, particularly as the cells of epithelioid
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sarcoma are also generally small and may be deceptively bland.
Morphologic clues to the diagnosis of epithelioid sarcoma include the
presence of cells with greater nuclear irregularity and hyperchromatism,
“modulation” from epithelioid to spindled cells, abundant hyalinized
collagen and foci of tumor cell necrosis, with granuloma-like or garland-
like patterns. Epithelioid sarcomas do not produce myxochondroid
matrix, and are negative for specific endothelial markers, such as CD31.
Both ERG and FLI1 may show variable immunoreactivity in epithelioid
sarcomas, potential pitfalls [16-18]. Although subsets of EHE express
keratins [19], loss of SMARCB1 (INI1) expression (present in >90% of
epithelioid sarcomas) is not a feature of EHE [20].

Pseudomyogenic hemangioendotheliomas (PMHE) will be covered
in detail later in this review. Briefly, although PMHE are often composed
at least in part of bland, epithelioid cells, resembling those of EHE or
epithelioid sarcoma, they also show spindled, myoid morphology, do
not produce myxochondroid matrix, and do not form intracytoplasmic
vacuoles. Immunohistochemistry for FOSB (positive in PMHE) [21] and
CAMTA1 may be quite helpful in this differential diagnosis.

3. Kaposiform hemangioendothelioma
3.1. Clinical features and outcome

Kaposiform hemangioendotheliomas (KHE) predominantly occur in
young children, with greater than 50% involving infants <1 year of age
[22,23]. They may involve superficial or deep soft tissue; superficially
located tumors tend to present as asymptomatic, poorly-defined, viola-
ceous plaques, whereas tumors occurring in deep soft tissue and the
retroperitoneum may be much larger and are often associated with
consumptive coagulopathy and thrombocytopenia (Kasabach-Merritt
phenomenon, KMP). KMP has been reported to occur in >85% of KHE
presenting in retroperitoneal or mediastinal locations [24]. The over-
whelming majority of cases of KMP occur in association with KHE,
rather than with a variety of benign and malignant vascular tumors, as
was once believed [25,26].
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KHE also occurs in adolescents and adults; tumors occurring in older
patients are almost never associated with coagulopathy and have often
been reported (particularly in the dermatopathology literature) under
the rubric of “acquired tufted angioma.” The morphologic, immuno-
histochemical and epigenetic features of “tufted angioma” and KHE are
essentially identical, and there seems little reason not to believe they
represent slightly different manifestations of a single entity [27,28].
Oddly, KHE also account for a surprisingly high percentage of vascular
tumors of the adult testis [29].

Unlike some pediatric hemangiomas, KHE are non-regressing tu-
mors. The outcome for patients with this disease depends heavily on the
age of the patient, the location of the mass, and the presence or absence
of KMP. In general, the prognosis is worst for infants who present with
KMP and are found to have large, retroperitoneal tumors [23]. In
contrast, the prognosis is excellent for older patients with smaller tumors
of the extremities, almost all of which are curable with complete exci-
sion. In general, patients who do not present with KMP will not subse-
quently develop coagulopathy. In patients with unresectable disease,
sirolimus and vincristine have been shown to be effective medical
therapies [30]. Exceptional cases have been reported to metastasize to
lymph nodes or peri-nodal soft tissue [23]; distant metastases do not
seem to occur.

+XPDQ 3DWKRORJ\

Historically, death from disease was thought to occur in approxi-
mately 10% of patients with KHE, either from local invasion of vital
structures or from complications of KMP [23]. More recent data from a
multicenter cohort study, however, showed a much better prognosis for
patients with KHE, with only a 1.3% mortality rate [30].

3.2. Morphologic and immunohistochemical features

Grossly, cutaneous KHE appear as large, firm, violaceous plaques
which may appear fixed to deeper tissues. In the deep soft tissues or
retroperitoneum, they present as large, infiltrative, vascular-appearing
masses. The morphologic and immunohistochemical features of KHE
are illustrated in Fig. 3. Microscopically, infiltration around adnexal
structures, into subcutaneous fat, and around nerves is often present.
KHE are composed of multiple, infiltrative nodules of endothelial cells,
frequently growing in a so-called in so-called “cannonball” pattern, with
surrounding hyaline fibrosis. This associated dense fibrosis is a charac-
teristic feature of KHE, helpful in its distinction from potential mimics,
in particular capillary hemangiomas of various types. Lymphangioma-
like dilated lymphatic channels are often present at the periphery of
the mass, and some KHE appear to arise from pre-existing lymphatic
vascular malformations. The nodules are typically surrounded by

Fig. 3. Kaposiform hemangioendothelioma (KHE). A) KHE typically appears as “cannonballs” of hemangioma-like clusters of proliferating, spindled endothelial cells
involving the fibroconnective tissue of the skin or retroperitoneal soft tissues. B) Hyaline fibrosis is commonly seen and is helpful in distinguishing KHE from capillary
hemangiomas of various types. C) Small fibrin-platelet thrombi are typically present in the nodules of KHE and are thought to account for the consumptive coa-
gulopathy that may accompany this tumor (Kasabach-Merritt phenomenon). D) Unlike infantile hemangioma, KHE lacks GLUT1 expression. E) KHE typically shows

D2-40-positive lymphatics surrounding nodules of capillary-type endothelial cells.
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crescentic vascular channels and are composed of an admixture of
hemangioma-like capillary-sized vessels and solid, spindled zones with
slit-like vascular spaces, resembling Kaposi sarcoma. Glomeruloid
structures containing small fibrin/platelet thrombi are usually seen, and
it is thought that platelet trapping in these abnormal vascular channels
contributes to the development of KMP.

By immunohistochemistry, the spindled and epithelioid cells express
pan-endothelial markers (e.g., CD31, ERG/FLI-1), but not markers of
lymphatic endothelium such as D240 (podoplanin), PROX1 and LYVE1)
[31-33]. In contrast, the lymphatic channels present at the periphery of
the solid nodules are positive for these lymphatic markers. GLUT-1
protein expression is absent, in contrast to infantile hemangiomas,
which are GLUT-1-positive. HHV8 LANA protein expression is not seen.

3.3. Genetic features

There is very little data about the molecular genetic features of KHE.
Activating GNAI4 mutations have been described in two cases (one
reported as “tufted angioma”) [34]. PIK3CA mutations have been
independently documented in two case reports of KHE [35,36]. Finally,
Ten Broek and colleagues recently identified gene mutations in 2 of 7
analyzed tumors, involving NRAS and RAD50, respectively [27]. It is
difficult to be certain, however, whether the NRAS-mutated tumor truly
represented KHE, as opposed to a cellular manifestation of kaposiform
lymphangiomatosis, a lesion known to harbor NRAS mutations (see
below).

3.4. Differential diagnosis

In young children, the differential diagnosis of KHE tends to revolve
around infantile and congenital hemangiomas. Unlike hemangiomas,
KHE display infiltrative growth, lack a uniform lobular architecture,
elicit striking desmoplasia, and form distinctive glomeruloid structures
containing minute fibrin-platelet thrombi. In challenging cases, immu-
nohistochemistry for GLUT-1 is helpful in the distinction of KHE from
infantile hemangioma, a GLUT-1-positive tumor. It must be remembered,
however, that congenital hemangiomas of involuting, non-involuting and
partially involuting type do not express GLUT-1. Inmunohistochemistry
for markers of lymphatic endothelium may be of some value in dis-
tinguishing KHE from congenital hemangiomas, as the latter lack the
peripheral cuff of lymphatics around tumor nodules seen in KHE.

In older patients, the differential diagnosis of KHE also includes
Kaposi sarcoma (KS) and spindle cell hemangioma (SCH). KS usually
occurs in much older patients, consists of larger, more hyperchromatic
spindled cells, lacks glomeruloid nodules and hyaline fibrosis, and ex-
presses HHV8 LANA protein. SCH tends to involve the distal extremities
and consists of a distinctive admixture of thick-walled vessels with
thrombosis and calcification, cavernous hemangioma-like channels,
spindled actin-positive pericytes, and vacuolated, epithelioid endothe-
lial cells. Unlike KHE, SCH commonly harbor IDH1/2 mutations [37].

The distinction of KHE from kaposiform lymphangiomatosis (KLA),
in particular the cellular form of KLA, may be very challenging. KLA is
currently classified as an aggressive form of generalized lymphatic
anomaly with a poor prognosis [38,39], although there are some aspects
of its clinical behavior, morphology and genetics which raise the ques-
tion of whether it might be better considered an endothelial neoplasm of
intermediate malignancy. Despite its name, KLA is unrelated to KHE.

KLA usually occurs in children and young adults, presenting as
multiple lesions in the thoracic cavity, bones, spleen, and skin [39,40].
The clinical presentation may be dramatic, with pleural and pericardial
effusions, ascites, pain, and life-threatening coagulopathy, with hypo-
fibrinogenemia, thrombocytopenia, and hemorrhage [41]. The etiology
of KLA-associated coagulopathy is unknown but does not appear to be
related to platelet trapping within the tumor itself, as occurs in KHE.
Imaging studies typically show mediastinal and retroperitoneal soft
tissue thickening with a lymphatic distribution [40].
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The morphologic and immunohistochemical features of KLA are
illustrated in Fig. 4. Histopathologically, KLA is characterized by fea-
tures of generalized lymphatic anomaly, including diffuse proliferation
of abnormal, dilated lymphatics, but additionally demonstrates small
clusters and fascicles of hemosiderin-laden, spindled endothelial cells,
expressing lymphatic endothelial markers (e.g., D2-40, Lyve-1, Prox-1)
[39,42]. Additionally, KLA may contain cellular foci closely resem-
bling KHE, with cellular lobules, slit-like vascular structures, “sieve-like”
arrays, glomeruloid formations, and solid sheets of spindled to epithe-
lioid endothelial cells, intermingled with more typical, lymphangioma-
tous areas. At the genetic level, KLA typically harbors somatic activating
mutations in NRAS [43,44]. Isolated cases have harbored mutations in
HRAS [45] or CBL [46].

Although the morphologic features of cellular KLA are somewhat
similar to KHE, there are some differences. Features of generalized
lymphatic anomaly and small fascicles of hemosiderin-laden spindled
cells should suggest KLA, whereas hyaline fibrosis and glomeruloid
structures containing minute thrombi are features pointing towards
KHE.

4. Papillary intralymphatic angioendothelioma and retiform
hemangioendothelioma ( hobnail hemangioendotheliomas )

Papillary intralymphatic angioendothelioma (PILA) [47], also
known as “malignant endovascular papillary angioendothelioma™ [48]
or “Dabska tumor”, and retiform hemangioendothelioma (RHE) [49] are
closely related lesions characterized by the presence of “hobnail”
endothelial cells. Such cells, also referred to as “matchstick” endothe-
lium, have cuboidal to columnar shape, a hyperchromatic, apically
placed nucleus that bulges from the surface of the cell, and a high nu-
clear to cytoplasmic ratio. Although PILA tends to occur in very young
children, and RHE in adolescents and young adults, the morphologic
features of these tumors overlap significantly.

4.1. Clinical features and outcome

PILA occur almost exclusively in infants and young children and
present as ill defined, sometimes violaceous lesions of the head, neck
and extremities [47,48,50-58]. Exceptional examples have been re-
ported visceral or deep soft tissue locations [59,60]. There is a single
report of a PILA occurring in bone [61]. RHE tends to occur in adoles-
cents and young adults, presenting as a slowly growing, ill-defined,
sometimes-violaceous mass or plaque in the distal extremities, usually
in older children and adults [49]. Both PILA and RHE have been re-
ported to arise in association with lymphatic vascular anomalies (lym-
phangiomas) [47,49,62,63].

Both tumors are quite indolent, with locally recurring potential but
very limited capacity for metastases or adverse outcome. Lymph node
metastases have been reported in fewer than ten patients with heman-
gioendotheliomas of either type [48,49,64,65]. Distant metastases have
not been reported in either tumor type, and only a single patient with
PILA has been reported to have died of disease [48,59].

4.2. Morphologic and immunohistochemical features

The morphologic and immunohistochemical features of PILA and
RHE are illustrated in Figs. 5 and 6, respectively. In classic PILA, hobnail
endothelial cells are found within relatively well-formed vessels,
sometimes containing distinctive intraluminal papillations, consisting of
hyaline cores with hobnailed endothelial lining. Surrounding dense
fibrosis and a prominent lymphocytic infiltrate are often present. Oc-
casionally, features of a lymphatic vascular anomaly, such as aggregates
of dilated lymphatics, are present adjacent to areas of typical PILA, with
apparent colonization of pre-existing lymphatic channels by hobnailed
cells. Mitotic activity is usually low to absent. RHE are composed infil-
trative, elongated, branching vascular channels (resembling rete testis),
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Fig. 4. Kaposiform lymphangiomatosis (KLA). A) KLA is an extremely rare form of generalized lymphatic anomaly, characterized microscopically by lymphangioma-
like spaces and more compact, spindled zones. B) Higher power view of clusters of spindled cells adjacent to lymphatics in KLA. C) Close inspection of these spindled
cells typically shows intracytoplasmic iron pigment. D) KLA may contain solid nodules of endothelial cells, sometimes with slit-like or sieve-like vascular channels,
mimicking kaposiform hemangioendothelioma or angiosarcoma. E) D2-40 is strongly positive in the spindled cells of KLA.

lined by hobnailed endothelial cells, and frequently surrounded by hy-
aline fibrosis and chronic inflammation. It is common to see lesions with
mixed or “intermediate” features, with for example some tumors con-
sisting of retiform channels, but containing Dabska-type intraluminal
papillae.

PILA and RHE display an identical immunophenotype, with expres-
sion of pan-endothelial markers (e.g., CD31, ERG/FLI1) as well as
markers of lymphatic endothelium, such as D2-40, VEGFR3, or PROX1
[31,47,64]. Interestingly, patchy synaptophysin expression may be seen
in both PILA and RHE, a finding potentially linking them with composite
hemangioendotheliomas with neuroendocrine marker expression [66,
67].

4.3. Genetic findings

The literature on the genetic underpinnings of PILA consists of a
single case report of a splenic tumor occurring in a child with a germline
PIK3CA mutation (c.1357G > A) [68]. More is known about RHE, sub-
sets of which harbor recurrent rearrangements involving the YAP1 gene,
most often in the form of YAP1::MAML2 gene fusions [69]. Similar
YAPI1::MAML2 fusions have also been reported in ependymomas [70],
“nodular necrotizing” variants of myxoinflammatory fibroblastic sar-
coma [71], thymoma [72], spindle cell rhabdomyosarcoma [73] and
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poromas [74].

4.4. Differential diagnosis

Despite also carrying the “hobnail” label, the cells of hobnail hem-
angiomas (targetoid hemosiderotic hemangiomas) are quite different
from those of PILA and RHE, lacking hyperchromatism and columnar
shape. Hobnail hemangiomas also tend to have a “biphasic” appearance,
with a superficially located dilated vessels lined by hobnail endothelial
cells and more deeply situated, slit-like capillaries ramifying within the
dermal collagen. Hyaline fibrosis is not a feature of hobnail
hemangiomas.

Intraluminal papillations are not specific to PILA, and may be seen in
otherwise conventional angiosarcomas, epithelioid hemangioendothe-
liomas and YAP1:: TFE3-fused hemangioendotheliomas, among others.
Papillary endothelial hyperplasia occurring within a pre-existing hem-
angioma may resemble PILA, but occurs in association with thrombotic
material, and lacks darkly staining, hobnail endothelium. Very rare
angiosarcomas may also show morphologic features overlapping to a
degree with those of PILA and RHE, although they typically display
higher nuclear grade, more pronounced endothelial multilayering,
higher mitotic activity and diffusely infiltrative growth [75].
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Fig. 5. Papillary intralymphatic angioendothelioma (PILA, Dabska-type hemangioendothelioma). A) The presence of hyperchromatic, hobnailed endothelial cells
with high nuclear to cytoplasmic ratios, protruding into the lumen in a “matchstick” pattern (shown here), typify both PILA and related retiform hemangioendo-
theliomas. B) PILA often arises in association with lymphatic anomalies. Here normal lymphatic channels are in part colonized by hobnailed endothelial cells. C)
Another PILA arising in association with a long-standing lymphatic anomaly, with both hobnailed endothelial cells and distinctive intraluminal papillations. D)
Higher power view of hobnailed endothelial cells in PILA. E) In some instances, the intraluminal papillae are surrounded by small lymphocytes. F) D2-40 expression

in PILA, confirming lymphatic endothelial phenotype.

5. Pseudomyogenic hemangioendothelioma

The endothelial nature of the tumor now known as pseudomyogenic
hemangioendothelioma (PMHE) was first recognized by Billings and
colleagues in 2003, in a report of 7 cases of “epithelioid sarcoma-like
hemangioendothelioma” [76]. A small group of similar tumors had
also been described some years earlier by Mirra et al. as the “fibroma--
like” variant of epithelioid sarcoma [77]. A considerably larger series,
published in 2011 by Hornick and co-workers, coined the term “PMHE”
for these lesions, emphasizing their often-myoid appearance [78].

5.1. Clinical features and outcome

PMHE are almost four times more common in men, and usually
present as small nodules in the skin and subcutis, often with associated
pain [76,78]. Less often, they may present in skeletal muscle or bone;
exceptional patients present with dozens of nodules involving the skin,
muscle, and bone of a limb. Osseous PMHE most often involve the
appendicular skeleton of the lower extremities, with radiologic studies
sometimes showing multiple discontiguous circumscribed lytic lesions,
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involving one or several bones [79].

PMHE recur locally in roughly 60% of cases, sometimes as multiple
nodules. Metastases to lymph nodes and distant sites are quite rare
(<5%) and typically occur years after presentation [76,78,79]. The
natural histories of soft tissue and osseous PMHE are similar.

There is no clear role for adjuvant chemotherapy or radiotherapy in
the treatment of patient with PMHE and require complete surgical
excision for cure. This may necessitate amputation for patients with
extensive, multicentric disease.

5.2. Morphologic and immunohistochemical features

The morphologic and immunohistochemical features of PMHE are
illustrated in Fig. 7. PMHE are usually highly infiltrative, and are
composed of bland, relatively uniform spindled to epithelioid cells, often
with abundant eosinophilic cytoplasm. Morphologic features of endo-
thelial differentiation, such as vascular channel formation or the pres-
ence of intracytoplasmic lumens, are absent and immunohistochemistry
is required for confirmation. Some PMHE are composed predominantly
of epithelioid to histiocytoid-appearing cells, whereas others are chiefly
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Fig. 6. Retiform hemangioendothelioma (RHE). A) RHE typically involves the skin of the distal extremities in adults, and is composed of elongated, branching
vascular channels resembling the rete testis. B) Hobnailed endothelial cells in RHE. C) Hyaline fibrosis is common finding in RHE. D) Some RHE may contain
intraluminal papillae, reinforcing their link to PILA. E) Synaptophysin expression may be seen in both PILA and RHE, suggesting a link with composite heman-
gioendothelioma. F) Intraluminal papillations are not unique to hobnailed hemangioendotheliomas, however, and may be seen in other hemangioendotheliomas,

such as this epithelioid hemangioendothelioma of the liver.

spindled. The tumor cells are typically quite bland, with evenly
dispersed chromatin, small nucleoli, and infrequent mitotic figures.
Stromal neutrophils and lymphocytes are commonly present.

PMHE are essentially always positive for CD31, ERG and FLI1, but
CD34-negative. PMHE are often diffusely positive for keratins, including
high molecular weight keratins [76,78,79]. I have seen in consultation a
single, morphologically typical PMHE harboring a variant VIM::FOSB
fusion which was entirely negative for keratins and showed extremely
limited expression of CD31 and ERG. Perhaps the most helpful immu-
nohistochemical finding in PMHE is strong, diffuse, nuclear and cyto-
plasmic expression of FOSB protein, reflecting underlying FOSB
rearrangements [21,80]. In contrast to epithelioid sarcoma, SMARCB1
(INI1) expression is retained (normal). Predominantly spindled tumors
may show significant smooth muscle actin expression, a potential pitfall.

5.3. Genetic features

Rearrangements of the FOSB gene characterize PMHE. The SER-
PINE] gene is the most common fusion partner, with rare reported cases
harboring rearrangements involving ACTB, CTLC, WWTR1, or EGL7
[81-85]. As noted above, I have also encountered a PMHE harboring
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VIM::FOSB in my consultation practice. Immunohistochemistry for FOSB
appears to be fusion partner-agnostic.

6. Differential diagnosis

Because of their unique morphologic features, in particular the
absence of any histologic evidence of endothelial differentiation, PMHE
tend not to be mistake for other endothelial tumors. Although epithe-
lioid hemangiomas may also be FOSB-positive, they are quite different-
appearing tumors, composed of large, epithelioid endothelial cells lining
well-formed vessels. Predominantly epithelioid examples of PMHE are
most likely to be confused with epithelioid sarcoma. Although these
morphologic features may be subtle, epithelioid sarcomas show a
greater degree of nuclear atypia and hyperchromatism than do PMHE
and often display “garland-like” and “granuloma-like” patterns of ne-
crosis, seldom present in PMHE. Although both tumors express keratins,
epithelioid sarcomas lack expression of specific endothelial markers (e.
g., CD31), are FOSB-negative, and almost always demonstrate loss of
SMARCB1 expression. Similarly, various carcinomas involving the skin,
subcutis or bone typically show much greater nuclear atypia and do not
express endothelial markers or FOSB.
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Fig. 7. Pseudomyogenic hemangioendothelioma (PMHE). A) This tumor usually involves the skin but may present as multiple lesions also involving skeletal muscle
and bone. B) The cells of PMHE are often partially epithelioid, with a modest amount of lightly eosinophilic cytoplasm and bland nuclei. C) Spindled, “pseudo-
myogenic” morphology is also commonly present. D) Diffuse keratin expression in PMHE may simulate carcinoma or epithelioid sarcoma. E) By definition, PHME do
not show morphologic evidence of endothelial differentiation, requiring immunohistochemistry with endothelial markers such as CD31 (shown), ERG or FLI1 for
confirmation. F) Strong FOSB expression is near-invariably present, reflecting underlying FOSB rearrangements with various partners.

Predominantly spindled PMHE may mimic myoid or myofibroblastic
tumors of the skin and subcutis, such as pilar smooth muscle tumors or
nodular fasciitis. Although smooth muscle actin expression may be seen
in PMHE, smooth muscle and myofibroblastic tumors would not, of
course, be expected to express endothelial markers or FOSB. Epithelioid
hemangioendothelioma differs by virtue of its myxochondroid matrix,
intracytoplasmic lumen formation, and strong expression of CAMTA1,
but not FOSB.

7. Composite hemangioendothelioma

Composite hemangioendothelioma (CHE), described by Nayler et al.
in 2000 [86], is exceptionally rare, controversial, and difficult to pre-
cisely define. It was defined by the WHO in 2002 as a “locally aggressive,
rarely metastasizing neoplasm with vascular differentiation, containing
an admixture of histologically benign, intermediate and malignant
components” [87]. However, because of considerable uneasiness among
many soft tissue pathologists with the concept of an vascular tumor of
intermediate malignancy containing fully malignant areas (i.e., angio-
sarcoma), this definition was modified in more recent (2013 and 2020)
WHO classifications to the rather more vague “locally aggressive, rarely
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metastasizing vascular neoplasm, containing an admixture of histolog-
ically distinct components.” [1,88]. Regrettably, however, this defini-
tion still fails to provide both “minimal” and “maximal” diagnostic
criteria and leaves considerable latitude in application. The most sig-
nificant problem is, of course, the distinction of CHE containing “foci
resembling angiosarcoma” from conventional angiosarcoma, as the
latter lesions are notoriously protean, sometimes containing
hemangioma-like, retiform, and epithelioid morphology in a single
tumor. At the other end of the biologic spectrum, entirely benign spindle
cell hemangiomas have cavernous hemangioma-like, kaposiform and
epithelioid features, but obviously should not be labeled “CHE.” It is
advisable to approach the literature on CHE with a discerning eye, as
many cases reported as such almost certainly represent other benign and
malignant vascular tumors [89-93].

7.1. Clinical features and outcome

For reasons which should be apparent, the clinical features of CHE
are incompletely understood. Most reported cases have involved the
distal extremities, in particular the hands and feet of middle-aged adults
[94,95]. Believable cases have also been reported in deep soft tissue
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locations, including the mediastinum and retroperitoneum [66,67] and
in the oral cavity [96]. There may be a slight female predominance. An
association with lymphedema and with lymphatic anomalies has been
described. The lesions may be present for many years prior to excision
and diagnosis.

Conventional CHE behaves as a borderline vascular neoplasm, with
significant potential for local recurrence but little metastatic risk. Met-
astatic “CHE” should be closely re-evaluated for features suggestive of
subtle conventional angiosarcoma. CHE with neuroendocrine marker
expression are considerably more aggressive, with distant metastatic
disease reported in up to 50% of affected patients [66,67,97].

7.2. Morphologic and immunohistochemical features

As noted above, our current definition of CHE leaves considerable
room for (mis)interpretation. Minimal criteria for this diagnosis include
the presence of at least two morphologically distinct vascular tumor
elements, exclusive of a pre-existing lymphatic vascular anomaly (often
found in hobnailed hemangioendotheliomas, for example). Maximal
criteria are also quite difficult to precisely formulate, especially for
extremely rare examples of CHE containing foci “resembling angio-
sarcoma” [67,95].

Within the plethora of morphologic features associated with CHE,
two patterns stand out as relatively common. In the first of these,
illustrated in Fig. 8, the bulk of the tumor resembles RHE, with elon-
gated, branching vascular channels lined by hobnailed endothelial cells.
These RHE-like areas are juxtaposed to epithelioid areas, resembling
EHE, but invariably lacking the distinctive myxochondroid matrix seen
in true EHE [94,95]. The morphologic features of those CHE which often
display neuroendocrine marker expression, illustrated in Fig. 9, are also
distinctive and reproducible, consisting of dilated, hemangioma-like
vascular spaces, retiform channels lined by hobnailed cells, epithelioid
foci, and solid nests of neuroendocrine-appearing cells with stippled
chromatin [66,67,97].

CHE express CD31, FLI1 and ERG, but are less often CD34 and/or D2-
40-positive. Neuroendocrine CHE, by definition, express synaptophysin
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and CD56; chromogranin A expression is typically absent. CAMTAL is
negative [66,67,95,97].

7.3. Genetics

The molecular genetic features of conventional CHE and CHE with
neuroendocrine marker expression have been the subject of 5 small
studies to date, comprising 13 cases [66,67,69,96,97]. Fusions identified
in conventional CHE have included YAP1::MAML2 (4 cases), HSPG2::
FGFR1 (1 case), and ACTB::MAML2 (1 case), whereas CHE with neuro-
endocrine markers have been found to harbor PTBP1::MAML2 (4 cases),
EPC1::PCH2 (1 case), YAP1::FOXR1 (1 case), and ARID1::MAML2 (1
case). As noted above, the YAP1::MAML2 fusion has also been found in
RHE, suggesting a link with CHE (in particular those showing morpho-
logic features of RHE).

8. Differential diagnosis

The distinction of CHE from other vascular tumors showing mixed
morphological features is challenging. Hobnailed hemangioendothelio-
mas arising in association with lymphatic anomalies should not be
confused with CHE. Similarly, other vascular tumors which may show
unusual combinations of morphologies, such as KHE, spindle cell hem-
angioma or YAP::TFE3-fused hemangioendothelioma should be distin-
guished from CHE. Finally, and most importantly, it is critical not to
“underdiagnose” conventional angiosarcoma as CHE, keeping in mind
that angiosarcomas are notorious for displaying banal, “hemangioma-
like” foci in addition to more obviously malignant features.

9. YAP1::TFE3-fused hemangioendothelioma

Described in 2013 by Antonescu and colleagues, the YAPI::TFE3-
fused hemangioendothelioma was originally regarded as representing a
morphologic variant of epithelioid hemangioendothelioma, defined at
the molecular level by fusions involving the YAP1 gene on chromosome
11 and TFE3 on chromosome X [98]. However, as discussed by

Fig. 8. Composite hemangioendothelioma (CHE). A) One of the more believable forms of CHE displays both retiform (left) and epithelioid (right) morphology. B)
Retiform areas in CHE. C) Although the epithelioid cytology is somewhat similar to that of epithelioid hemangioendothelioma, characteristic matrix is not present. D)

These epithelioid areas are also CAMTA1-negative, in contrast to true EHE.
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Fig. 9. Composite hemangioendothelioma with neuroendocrine marker expression (CHE-NE). A) CHE-NE is morphologically distinctive, with hemangioma-like
vascular channels, vascular spaces lined by hobnailed endothelial cells, epithelioid cells, and often clusters of endothelial cells with speckled chromatin, resem-
bling a neuroendocrine neoplasm. B) Higher power view of hobnailed and epithelioid cells in CHE-NE. C) These tumors show a capillary endothelial phenotype, with
expression of CD31 (shown) but not lymphatic markers, such as D2-40 or PROX1. D) Synaptophysin expression in CHE-NE.

Dermawan et al., in a more recent, larger study of these rare neoplasms,
the clinicopathologic features of these tumors differ sufficiently from
those of conventional EHE such that the YAPI::TFE3-fused heman-
gioendothelioma is better considered a separate entity [99]. Fewer than
fifty cases have been reported [4,10,98-101].

9.1. Clinical features and outcome

Roughly 60% of reported YAPI1::TFE3-fused hemangioendothelio-
mas have occurred in women, most often affecting young to middle aged
adults (mean/median reported age range 30-48 years [99]. Soft tissue
locations are most commonly involved (32%) followed by lung, liver,
bone, and lymph nodes.

Roughly 50% of patients present with apparently multifocal disease,
likely representing metastases at presentation. The two most recent se-
ries of YAPI1::TFE3-fused hemangioendothelioma, by Rosenbaum et al.
[4] and Dermawan et al. [99] have noted overall metastatic rates of 70%
and 59%, respectively. Despite this high rate of multicentric/metastatic
disease, the prognosis for patients with YAP1::TFE3-fused heman-
gioendothelioma is favorable, with reported 5-year survival rates of
80-89% [4,99]. Very late metastases and death from disease have rarely
been reported [98].

9.2. Morphologic and immunohistochemical features

The morphologic and immunohistochemical features of YAP1::TFE3-
fused hemangioendothelioma are illustrated in Fig. 10. The morphologic
features of YAP1::TFE3-fused hemangioendothelioma are quite distinc-
tive, differing significantly from those of EHE and other vascular neo-
plasms [98,99]. The tumors most often grow as infiltrative nests of large,
epithelioid cells with abundant, eosinophilic, glassy, or vacuolated
cytoplasm, and prominent nucleoli. These cell nests may be distinct,
separated by bands of collagen, or coalesce to form large sheets. Less
commonly, the tumor grows a cords or single cells in a myxoid stroma,
although the distinctive myxochondroid matrix of conventional EHE is
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not seen. Rarely, the tumor cells may assume a more spindled appear-
ance. Intracytoplasmic vacuoles containing erythrocytes are sometimes
present, and a mixed inflammatory cell infiltrate composed of lympho-
cytes and eosinophils is often seen.

Immunohistochemically, YAPI::TFE3-fused hemangioendothelioma
are invariably positive for CD31 and ERG, and almost always CD34-
positive. Limited aberrant expression of keratins is seen in a minority
of cases [99]. As would be expected, these tumors are uniformly,
strongly positive for TFE3 in a nuclear pattern [4,10,98-101]. CAMTA1
expression is almost never present, although Dermawan and co-workers
mention a single (of 12) tested case which reportedly showed limited
immunoreactivity [99].

9.3. Genetic features

Available exon information from 13 published cases studied with
either RNA-seq or RT-PCR has shown 8 (62%) to harbor YAP1 exonl::
TFE3 exon 4 fusion, and 5 (38%) to contain YAP1 exonl::TFE3 exon 6
fusions [99].

9.4. Differential diagnosis

Although YAPI::TFE3-fused hemangioendothelioma were originally
regarded as representing variants of EHE, they do not display the
distinctive myxochondroid to hyalinized matrix or single file prolifera-
tion of small, bland cells with intracytoplasmic lumen formation that
characterize conventional EHE. In general, expression of TFE3 but not
CAMTAL is seen in YAP1::TFE3-fused hemangioendothelioma, with the
opposite pattern characterizing most EHE. It should, however, be kept in
mind that immunohistochemistry for TFE3 is rather non-specific [102],
and that occasional cases of EHE may be TFE3-positive [10]. Molecular
genetic testing with FISH or next-generation sequencing will resolve
problematic cases.

The distinction of YAPI1::TFE3-fused hemangioendothelioma from
other TFE3-rearranged neoplasms such as alveolar soft part sarcoma,
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Fig. 10. YAPI::TFE3-fused hemangioendothelioma. A) Although these very rare tumors were described as variant of epithelioid hemangioendothelioma, they are
morphologically quite distinct. Multiple patterns of growth are often seen, with spindled, solid and nested areas. B) These hemangioendotheliomas are most
fundamentally composed of large, epithelioid endothelial cells with abundant eosinophilic cytoplasm and prominent nucleoli, similar to the cells seen in other TFE3-
rearranged tumors, such as alveolar soft part sarcoma. C) Solid growth in YAPI::TFE3-fused hemangioendothelioma. D) Spindle cell morphology is uncommon but
may be present, suggesting other types of spindle cell sarcoma, such as leiomyosarcoma. E) An intraluminal papillation in YAP1::TFE3-fused hemangioendothelioma.
F) Diffuse expression of TFE3 is essentially always present. TFE3 immunohistochemistry, however, is non-specific, and this diagnosis should be confirmed with

molecular genetic methods.

rare perivascular epithelioid cell neoplasms and various carcinomas may
also be challenging, as the cytomorphologic features of these tumors
overlap to a considerable degree [103]. Immunohistochemistry may be
valuable in this differential diagnosis, as expression of endothelial
markers is not a feature of these other TFE3-rearranged neoplasms. The
YAP1::TFE3 fusion is also specific to YAP1::TFE3-fused hemangioendo-
thelioma, among this group of tumors, although this fusion has also been
reported in clear cell stromal tumors of the lung [104-106] and in an
usual cutaneous spindle cell neoplasm [107].

10. Conclusions

Although the rarity of all members of the hemangioendothelioma
family makes study of their clinicopathologic and molecular genetic
features difficult, great progress has been made in our understanding of
these tumors over the past two decades. It is anticipated that future
study will bring greater insight into established members of this family
and will aid in the discovery of new endothelial tumors of intermediate
malignancy.
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