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Abstract

Undifferentiated embryonal sarcoma (UES) is
defined as a highly malignant mesenchymal
neoplasm of the liver. UES mainly occurs in
the pediatric age group and is characterized by
the presence of an immature and myxoid mes-
enchyme that contains numerous pleomorphic
and giant cells with distinct eosinophilic glob-
ular cytoplasmic inclusions. UES is the third
most common malignant hepatic tumor in chil-
dren, whereby about 50 % of patients are
6-10 years old at diagnosis. In contrast to
hepatoblastoma, only a minority of UES is
diagnosed in children younger than 5 years.
UES is a highly aggressive neoplasm that
forms large liver tumors mainly in the right
liver lobe, typically undergoing cystic change,
sometimes mimicking hydatid disease. Spon-
taneous hemorrhage and tumor rupture may
occur. Apart from a basic histologic pattern,
several variants are known, including small
cell, anaplastic and rhabdoid phenotypes, and
tumors with various heterologous components.
The abnormal mesenchyme of UES may sur-
round abnormal and dilated intratumoral bile
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duct-like structures. There is a pathogenetic
relationship between UES and mesenchymal
hamartoma of the liver.

Introduction

Undifferentiated (embryonal) sarcoma (UES) is
defined as a highly malignant mesenchymal
neoplasm of the liver, predominantly in children,
characterized by the presence of an immature and
myxoid mesenchyme containing pleomorphic and
giant cells with globular eosinophilic cytoplasmic
inclusions.

UES was first described in 1978 as a separate
pathologic entity, based on 31 observations
(Stocker and Ishak 1978). This tumor type may
have first been reported in 1946, under the term,
mesenchymoma, based on an observation in a
6-year-old boy, but the fact that this patient sur-
vived well for 13 months in a pre-chemotherapy
era and based on the two histologic figures in the
article leaves some doubt whether this tumor was
not rather mesenchymal hamartoma (Donovan
and Santulli 1946). Several terms had been
employed to denote this neoplasm, including pri-
mary sarcoma of the liver (Willeford and
Stembridge 1950), malignant mesenchymoma,
embryonal sarcoma (Lagacé et al. 1974; Blattner
et al. 1977; Forster and Berman 1977; Cornut-
Sipido 1979; Cozzutto et al. 1981), primary
mesenchymoma (Lorimer 1955), fibromyx-
osarcoma, primary malignant mesenchymal
tumors, or simply sarcoma (Anderson 1951;
Keeling 1971; Stanley et al. 1973). Prior to the
31 cases described by Stocker and Ishak (1978),
the largest series of this lesion was that by Foster
and Berman (1977) with 12 cases. The term,
undifferentiated sarcomas of the liver, had how-
ever previously been employed to denote a pri-
mary hepatic sarcoma in an adult patient (Esposito
et al. 1977). Within few years after the first
description, several further cases have been
reported (Abramowsky et al. 1980; Kinjo
et al. 1980; Gallivan et al. 1983; Gonzalez-Crussi
1983; Weinberg and Finegold 1983; Parichati-
kanond and Parichatikanond 1985).
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Epidemiology

UES is the third most common malignant tumor
of the liver in the pediatric age group, account-
ing for about 9-15 % of childhood hepatic
malignant neoplasms (Stocker and Ishak 1978;
Weinberg and Finegold 1983). Among the
31 patients reported by Stocker and Ishak
(1978), 51.6 % of the children were 6—10 years
of age, followed by the groups 11-15 years
(19.4 %), 0-5 years (16.1 %), 16-20 years
(6.5 %), and >20 years (6.5 %). Four patients
of this series were not in the pediatric age group
and were 19, 20, 22, and 28 years old at diagno-
sis. In some reports, there was a male prepon-
derance, but in a larger study of 20 patients, the
male to female ratio was 1:1 (Nicol et al. 2007).
As already specified in a report of 31 cases
(Stocker and Ishak 1978), the majority of
patients present between 6 and 10 years of age,
i.e., clearly later than patients with hepato-
blastoma. The neoplasm is not related to
preexisting liver disease (literature reviews:
Aghajanzadeh et al. 2003; Sakellaridis et al.
20006; Igbal et al. 2008; Pachera et al. 2008;
Mohapatra and Krisnanand 2007; Boybeyi
et al. 2009; Pathirana et al. 2010).

Albeit typically a tumor of older children, there
are numerous reports documenting UES in adult
patients. Adult primary UES is a rare disease that,
similar to cases in the pediatric age group,
develops in livers without preexisting disease, in
particular without liver cirrhosis.

Selected References Stocker and Ishak 1978;
Chang et al. 1983; Miettinen and Kahlos 1989;
Kanamaru et al. 1991; Kchir et al. 1991; Martins
et al. 1992; McFadden et al. 1992; Reichel
et al. 1994; Zaheer et al. 1994; Johnson
et al. 1995; Mistry et al. 1995; Grazi et al. 1996;
Houry et al. 1998; Tokunaga et al. 2000; Yedibela
et al. 2000; Diedhiou et al. 2002; Shufaro
et al. 2002; Nishio et al. 2003; Psatha
et al. 2004; Alagiozian-Angelova et al. 2005;
Dai et al. 2005; Agaram et al. 2006; Scudiere
and Jakate 2006; McCarthy et al. 2007;
Gourgiotis et al. 2008; Lenze et al. 2008;
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Faraj et al. 2010; Jiménez-Fuertes et al. 2008; Ma
etal. 2008; Pachera et al. 2008; Kullar et al. 2009;
Yang et al. 2009; Kaur et al. 2010; Lee et al. 2010;
Li et al. 2010; Massani et al. 2010; Yoon
et al. 2010; Xu et al. 2010; Gasljevic et al. 2011;
Kalra et al. 2011; Lightfoot and Nikfarjam 2012;
Varol et al. 2012; Chen et al. 2013; Lin et al. 2013

Clinical Features

The patients commonly present with an abdomi-
nal mass and upper abdominal pain. Among
31 patients, 12 had an abdominal mass only,
10 abdominal pain only, and 6 abdominal mass
and pain (Stocker and Ishak 1978; Wei
et al. 2008). Abdominal discomfort and pain
were experienced for periods of 3 days—1 month.
Asymptomatic abdominal masses had been noted
for periods of 2 weeks—6 months. Jaundice and
systemic signs such as fever, malaise, lethargy,
and weight loss may occur, and sometimes the
patient is referred to the hospital in a severely ill
state, e.g., owing to tumor rupture with abdominal
crisis (Weinberg and Finegold 1983; Lack
et al. 1991). In UES, serum AFP is in the normal
range (Stocker and Ishak 1978; Kanamaru
et al. 1991; Lack et al. 1991; Wei et al. 2008),
but lectin-reactive AFP (AFP-L3) may be ele-
vated in a minority of patients (Okuda
et al. 2005). UES tends to invasion and tissue
destruction, including extension of the neoplasm
along the inferior vena cava to the heart (Gallivan
et al. 1983; Bassly et al. 2008). Bronchobiliary
fistula has been observed in a child suffering from
UES (Corapgioglu et al. 2004). In adult patients,
the frequently cystic tumor may mimic hepatic
hydatid disecase (Faraj et al. 2010; Yoon
et al. 2010; Kalra et al. 2011). In one 46-year-old
female patient, UES was associated with systemic
lupus erythematosus (Jia et al. 2013). In one adult
case, UES radiologically mimicked Klatskin
tumor (Lee et al. 2010). Complications of UES
comprise hemorrhage (Suarez et al. 2000; Kiipeli
et al. 2008),spontaneous rupture followed by
hematoperitoneum and eventually hemorrhagic
shock (Stocker and Ishak 1978; Lack et al. 1991;
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Yedibela et al. 2000; Uchiyama et al. 2001; Hung
et al. 2007; Yu et al. 2009), or rupture following
abdominal trauma (Ida et al. 2009). Exceptionally,
UES is associated with paraneoplastic syndromes
or disorders. In a single reported patient, UES was
associated with peripheral eosinophilia (Zaheer
et al. 1994), and another adult patient revealed
an  erythropoietin-secreting  tumor  (Lin
et al. 2013). One patient experienced fever of
unknown origin, secretory diarrhea, refractory
long QT syndrome, and torsades de pointes,
resolved following surgical resection (Fricchione
etal. 2013).

Imaging Features

The imaging features of UES have been studied in
detail, also with respect to radiologic-pathologic
correlations and treatment response. Ultrasonog-
raphy reveals large masses which are hyperechoic
or isoechoic. Predominantly solid variants with
many small anechoic spaces may be seen (Ros
et al. 1986). On the other hand, a true cystic
change of the tumor has already been described
for one patient in the original series of 31 cases as
of 1978, whereas in more than half of the cases of
this series, there were multiple cystic areas
containing necrotic debris, clotted blood, or gelat-
inous material (Stocker and Ishak 1978). Overall,
CT usually shows large solid low-attenuating
masses with cystic areas, with varying degrees of
enhancement of the solid component and forma-
tion of hyperdense septa of variable thickness and
a dense peripheral rim. Irregular high-density
lesions exhibiting hemorrhage may occur. Cystic
UES may show multiple internal septations (Ros
et al. 1986; Joshi et al. 1997). The cystic changes
may vary considerably both in size and shape and
may cause a pitfall diagnosis in endemic
hydatidosis areas (Joshi et al. 1997; Aggarwal
et al. 2001; Charfi et al. 2008; Faraj et al. 2010).
Large cysts in UES may also mimic complicated
hepatic cysts at imaging (Tsukada et al. 2010).
The cystic changes in UES may be the result of
liquefied hemorrhage and/or necrosis, because
hemorrhagic fluid in the cyst cavities suggested
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that cystic “degeneration” was related to hemor-
rhage. However, the finding that the inner wall of
the cysts in UES may be rather smooth led to the
view that the cysts develop spontaneously (Dai
et al. 2005). At MRI, T1-weighted images reveal
well-defined hypointense masses, sometimes with
scattered  high signal intensities, while
T2-weighted images show high signal intensity
in most of the tumor volumes. MRI clearly dis-
plays the cystic space of the tumors, the
septations, and often substantial central necrosis
(Marti-Bonmati et al. 1993; Buetow et al. 1997,
Woong et al. 1997; Yoon et al. 1997; Psatha
et al. 2004). Angiographically, UESs are usually
hypovascular tumors, although hypervascular
areas may also occur (Stocker and Ishak 1978;
Ros et al. 1986).

Selected References Ros et al. 1986; Marti-
Bonmati et al. 1993; Urban et al. 1993; Moon
et al. 1994, 1995; Sano et al. 1995; Buetow
et al. 1997; Yoon et al. 1997; Helmberger
et al. 1999; Chuang et al. 2002; Psatha
et al. 2004; Goncalves-Matoso et al. 2005; Kim
et al. 2008; Igbal et al. 2008; Yu et al. 2008; Zhao
etal. 2008; Crider et al. 2009; Lashkari et al. 2009;
Yang et al. 2009; Kowalczyk and Carr 2010;
Sodhi et al. 2010

Pathology
Macroscopy

Similar to other malignant hepatic tumors, UES
develops more frequently in the right liver lobe
(right lobe localization in 11/16 patients in one
study, with contiguous involvement of the left
lobe in three; Lack et al. 1991). UESs are
usually large or even huge tumors that present
as solitary and mostly well-delineated masses
with variable areas of hemorrhage, confluent
necrosis and sometimes macrocytic changes,
resulting in a highly variegated cut surface.
UES often grows to a very impressive size. In
the series of Stocker and Ishak, tumor size was
assessed in 20 cases, among which four were
less than 10 cm in diameter, 10 were between
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10 and 20 c¢m, and 6 exceeded 20 c¢cm in diam-
eter, the largest measuring 30 cm. The weight
of the tumors varied from 90 to 3,375 g (aver-
age of 16 tumors, 1,310 g). In a study of
28 cases, the mean transverse diameter of the
tumors was 14 cm (range, 10-25 cm). In a
study of 16 patients, the average tumor diame-
ter was 21 cm (range, 10-35 cm; Lack
et al. 1991). The masses were predominantly
solid (83 % of tumor volume), and pathologic
and sonography findings were concordant
(Buetow et al. 1997). The solid variants are
globular in shape and are usually well demar-
cated from the rest of the liver. Typically, the
tumors are nonencapsulated. Some tumors may
show a pseudocapsule, but this impression is
usually produced by compression and atrophy
of adjacent liver substance.

The neoplasms are soft or fluctuant, with a
glistening or variegated cut surface, colors rang-
ing from gray-reddish to yellowish or even tan.
Hemorrhage and necrosis may comprise up to
80 % of the tumor (Stocker and Ishak 1978; Ros
et al. 1986; Leuschner et al. 1990; Lack
et al. 1991; Parham et al. 1991; Kadomatsu
et al. 1992; Walker et al. 1992; Buetow
et al. 1997). The issue of macrocytic changes in
UES has already been addressed above. In a
minority of cases, “true” cystic cavities containing
a mucoid fluid are in fact encountered. Mucoid or
gelatinous areas are also observed. Together with
necrosis cavities and spaces containing liquid or
clotted blood, these can produce multiple cyst-like
areas, seen in more than half of the cases in the
series of 31 cases described by Stocker and Ishak
(1978), but such lesions should not be confounded
with the much rarer “true” cysts. Smaller cysts
often contain a brownish mucoid fluid. UES may
present as a single (solitary, unilocular) cyst of the
liver (Chowdhary et al. 2004; Kim et al. 2009;
Massani et al. 2010). Intravascularly growing
tumors show a glistening, transparent quality
with bosselations. Pedunculated tumors are very
uncommon lesions, in contrast to mesenchymal
hamartoma (Stanley et al. 1973; Stocker and Ishak
1978). In the case of Stanley and coworkers
(1973), a 10-year-old boy had a partially cystic
and solid pedunculated mass (17 cm diameter)
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that was attached to the posterior inferior surface
of the left liver lobe.

Histopathology

The histologic features of UES have been
described in detail (Stocker and Ishak 1978;
O’Sullivan et al. 2001; Bliuznikov et al. 2007).
The tumors are often surrounded by a compressed
fibrous pseudocapsule of varying thickness, with
atrophy of the adjacent liver parenchyma. The
interior of the masses is composed by various
types of tissue components (Table 1).

The bulk of the tumor consists of a loose but
cellular tissue consisting of immature-looking or
undifferentiated mesenchymal cells. These appear
in several types, dominated by stellate and spindle

Table 1 Histologic phenotypes of undifferentiated

(embryonal) sarcoma (UES)

Standard morphology

Bimodal type with prominent cholangiocellular
differentiation

Fibrous histiocytoma-like variant
Hemangiopericytoma-like variant
Anaplastic variant

Small cell variant

Rhabdoid features

Marked myoid differentiation
Marked lipomatous differentiation
Angiosarcomatous differentiation
Chondroid or osteoid differentiation

Fig. 2 Undifferentiated
(embryonal) sarcoma of the
liver. Tumor giant cells
contain dense eosinophilic
globular inclusions with a
heterogeneous size
distribution (PAS stain)

cells, and followed in frequency by giant and
polymorphic cells and by round cells. Most of
these cells display very indistinct cell borders,
sometimes suggesting the formation of syncytia.
These types of cell seem to reflect various path-
ways of differentiation (Aoyama et al. 1991). Most
of'the stellate and spindle cells are scattered loosely
in a matrix rich in Alcian blue-positive mucopoly-
saccharides, but part of these cells may also form
fascicles or whorls or are packed in sheets. Such
cases resemble malignant fibrous histiocytoma or
fibrosarcoma (Keating and Taylor 1985), or
hemangiopericytoma/solitary fibrous tumor. Spin-
dle cells with myoid differentiation occur (Walker
et al. 1992) (Figs. 1, 2, 3,4, 5, 6,7, and 8).
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Fig. 1 Undifferentiated (embryonal) sarcoma of the liver.
The hypercellular tumor consists of spindle cells and stel-
late cells with marked nuclear pleomorphism. Note the
intracellular eosinophilic inclusions (hematoxylin and
eosin stain)
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Fig. 3 Undifferentiated (embryonal) sarcoma of the liver
with a markedly myxoid aspect and predominance of stel-
late tumor cells (hematoxylin and eosin stain)
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Fig. 5 Undifferentiated (embryonal) sarcoma of the liver
with predominance of spindle cells and polygonal cells
(hematoxylin and eosin stain)

Fig. 4 Undifferentiated (embryonal) sarcoma, myxoid
variant. The stellate aspect of tumor cells is well recogniz-
able in a stain showing vimentin expression (vimentin
immunostain)

In a minority of cases, a contribution of ana-
plastic or small cells is seen (Walker et al. 1992). It
was suggested that an anaplastic component is
more commonly encountered in UES arising in
adults (Nishio et al. 2003). Osteoid formation in
UES has been described (Lack et al. 1991). This
abnormal mesenchyme of UES often surrounds
abnormal and dilated intratumoral, CK
19-positive bile duct-like profiles, and the cellu-
larity of the tissue may be higher close to the
epithelial lining, forming a “cambium.” This pre-
dominant component of UES shows high mitotic
activity. The giant cells are either multinucleated
or contain highly polyploidy and in part bizarre

Fig. 6 Undifferentiated (embryonal) sarcoma of the liver.
In this tumor, fascicles or interlacing bundles of spindle
cells with an eosinophilic cytoplasm are present (myoid
variant; hematoxylin and eosin stain)

nuclei, with segregation of micronuclei, formation
of nuclear bridges, and complex lobulations. Part
of the large cells or giant cells contain few to
numerous intracytoplasmic eosinophilic globules,
measuring 2—40 pm in diameter, and sometimes
hiding the nucleus. These globules are variably
PAS-positive, but resistant to diastase digestion.
In the Masson trichrome stain, they are blue to red,
purple with PTAH, and positive with the Danielli
staining method (Stocker and Ishak 1978).
Globule-containing cells release the globules
into the extracellular space upon cell death. The
tumor tissue contains a fine network of reticulin
fibers. Focally, dense bundles of partly hyalinized
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Fig. 7 Undifferentiated (embryonal) sarcoma of the liver,
myoid variant. Numerous spindle cells are reactive for
smooth muscle actin (alpha-SMA immunostain)

Fig. 8 Undifferentiated (embryonal) sarcoma of the liver,
anaplastic variant. Small- to medium-sized cells with poor
cytoplasm result in a “blue cellular tumor.” Note the dilated
bile duct within the tumor tissue (hematoxylin and eosin
stain)

collagen are in evidence. Mainly in regions of
necrosis, an infiltrate composed of lymphocytes,
macrophages, and plasma cells is often present.
UES has been diagnosed by the use of fine-needle
aspiration cytology (Pieterse et al. 1985; Sola-
Pérez et al. 1995; Krishnamurthy et al. 1996;
Garcia-Bonafé et al. 1997; Allen et al. 1998;
Pollono and Drut 1998; Sharifah et al. 1999;
Anavi et al. 2001; Gupta et al. 2010; Kaur
et al. 2010). Metastases of UES usually show the
same histopathologic presentation as the primary
lesion, but there are deviations from this presen-
tation. Peritoneal metastases of UES in an adult

patient were found to present as leiomyosar-
comatous nodules (Fievez et al. 1983). This phe-
nomenon may be linked to the fact that UES has
been shown to undergo smooth muscle cell dif-
ferentiation (Nishio et al. 2003), and such a cell
lineage may then also evolve in metastatic
disease.

A distinct feature of some UES is the focal
differentiation along myoid (leiomyoid and/or
rhabdomyoid) lineages or along an adipocyte-
like lineage. Ultrastructural studies suggested a
leiomyoblastic differentiation (Gonzalez-Crussi
1983), and features suggesting a leiomyoid cell
lineage have been observed by previous investi-
gators as well (Lagacé et al. 1974; Cozzutto
et al. 1981 9) and supported by more recent find-
ings (Walker et al. 1992; Nishio et al. 2003). A
differentiation along a lipoblastoid lineage has
chiefly been suggested based on the presence of
oil red O staining (Stocker and Ishak 1978) and
ultrastructural presence of lipid droplets in subsets
of tumor cells (Cozzutto et al. 1981; Chang
et al. 1983; Ellis and Cotton 1983; Gallivan
et al. 1983; Parham et al. 1991). Lipid droplets
in UES cells were detected in six out of seven
neoplasms in one analysis (Parham et al. 1991).
Morphologically, typical lipoblasts in UES have
also been described (Lagacé et al. 1974). Whether
this phenotype reflects liposarcomatous features
of some, UES is not ascertained. In rare instances,
aberrant differentiation patterns can occur, e.g.,
chondroid differentiation with formation of
chondrosarcoma-like lesions (Kinjo et al. 2010),
production of tumor osteoid (Chen et al. 2013), or
lesions resembling telangiectatic hepatic adenoma
(Tanaka et al. 2012). In one adult patient, UES
arising from mesenchymal hamartoma exhibited
peripheral  angiosarcomatous  differentiation
(Tucker et al. 2012).

At the interface between the tumor and the
liver, trapped and damaged hepatocytes, and
abnormal and in part cystic bile ducts are seen
(Figs. 9, 10, 11, and 12; Stanley et al. 1973;
Stocker and Ishak 1978; Walker et al. 1992). The
duct-like structures are sometimes markedly
dilated and deformed; they may contain an eosin-
ophilic material, but bile is consistently lacking.
Only rarely were parenchymal cells seen deeper
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Fig. 9 Undifferentiated (embryonal) sarcoma of the liver.
Dilated bile ducts embedded in the tumor tissue
(cytokeratin 19 immunostain)
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Fig. 11 Undifferentiated (embryonal) sarcoma of the liver
with intratumoral clusters of hepatocytes. Note that the
hepatocytes are in direct contact with mesenchymal
tumor cells (hematoxylin and eosin stain)

Fig. 10 Small bile ducts embedded in pleomorphic tissue
of undifferentiated (embryonal) sarcoma. Cholangiocyte
cytoplasm shows eosinophilia (hematoxylin and eosin
stain)

than 0.5-1.0 cm from the edge of the tumor
(Stocker and Ishak 1978). The dilated bile duct-
like structures are separated from the tumor tissue
by a thin, PAS-positive lamella which may repre-
sent a basement membrane, but focally this
lamella is broached by sarcoma cells. The
cholangiocyte lining is typically not atrophic, the
cells being cuboid instead of flat, but some cells
show signs of damage, with irregular arrangement
of the cell within the single layer and
hyperchromatic nuclei as a frequent feature (Stan-
ley et al. 1973). As the sarcoma tissue directly
encroaches upon these ducts, the absence of

Fig. 12 Undifferentiated (embryonal) sarcoma with
embedded intratumoral hepatocytes and no intervening
cells. Hepatocytes are strongly positive for Hep Parl
(Hep Parl immunostain)

atrophy is striking. The marked cystic dilatation
also requires the production of more
cholangiocytes to cover this large surface. In a
thin zone immediately surrounding the ducts,
round tumor cells are sometimes more frequent,
a phenomenon also depicted in Figs. 11 and 12 of
the Stanley et al. publication (1973). Stocker and
Ishak (1978) noted that there are tumor areas
where the epithelial cells seem to be separated
from one another and blended with the sarcoma-
tous cells. This phenomenon may be striking and
may either represent and transient contact
between  malignant  mesenchymal  and
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nonneoplastic epithelial cells or eventually
epithelial-mesenchymal  transition. ~ Whether
these bile duct-like profiles are really entrapped
bile ducts, as suggested by several authors (Stan-
ley et al. 1973; Stocker and Ishak 1978), or rep-
resent neoplastic elements themselves has not
been clarified (see below). An argument for
entrapped bile ducts is their concentration in the
area of the tumor closest to the interface between
the involved liver and the tumor mass. Sections
from central parts revealed only an occasional
duct (Stanley et al. 1973).

Hepatocytes located within the tumor occur as
single cells, small clusters, or even cell plates
resembling those in the normal liver. The cells
can show signs of damage or regeneration, and
sometimes the hepatocytes are in direct contact
with bile duct cells, suggesting differentiation of
cholangiocytes from hepatocytes or their
precursors.

The gelatinous center of the tumor may contain
thrombosed vessels, sometimes with organization
of the thrombi. Autopsy observations specifying
the histology of metastases are available from the
study of Stocker and Ishak (1978). All extrahe-
patic tumor manifestations contained sarcomatous
cells, some of which had the typical PAS-positive
globules. In one case, epithelial elements (bile
duct-like structures) were found in the tumor adja-
cent to the stomach and bowel but in continuity
with the hepatic lesion. But another case showed
epithelium-lined structures in metastatic lesions in
the lung. Stocker and Ishak (1978) argued that the
epithelium-lined structures found in a tumor adja-
cent to the stomach and diaphragm, though still in
continuity with the primary liver tumor, represent
entrapped bile ducts carried along with the tumor
mass as it extended beyond the boundaries of the
liver. Furthermore, the epithelial structures these
authors found in pulmonary metastases were
interpreted as entrapped bronchioles. Hepatocytes
(solitary cells, clusters, or even cords/plates) are
sometimes found in UES. Stocker and Ishak
(1978) observed parenchymal cells within the
tumor’s pseudocapsule and at the periphery of
the neoplasm, but only rarely were hepatocytes
found deeper than 0.5-1.0 cm from the edge of the
tumor. Such intratumoral hepatocytes have been
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interpreted as entrapped parenchymal cells,
because of their position near the tumor margin
(Walker et al. 1992; their patient 2). However, we
have found that morphologically abnormal
hepatoid cells also occur in central parts of large
tumors, these cells not showing signs of damage
or atrophy caused by entrapment.

Electron Microscopy Findings

Relatively few UESs have been examined ultra-
structurally (Lagacé et al. 1974; Cozzutto
etal. 1981; Chang et al. 1983; Keating and Taylor
1985; Pieterse et al. 1985; Chou et al. 1990;
Parham et al. 1991; Agaram et al. 2006). At elec-
tron microscopy, spindle and stellate cells includ-
ing both single and multinucleated forms are
embedded in a loose collagenous stroma. Neigh-
boring cells may be connected by poorly formed
desmosome-like junctions. The cytoplasm of the
tumor cells contains relatively few mitochondria,
but is rich in free ribosomes and RER profiles. The
lumens of the RER may be dilated and contain an
amorphous material. Golgi apparatus is rare and
not prominent. The presence of tonofilament-like
bundles of intermediate filaments and cell junc-
tions in some cases has suggested epithelial dif-
ferentiation of a subset of tumor cells (Miettinen
and Kahlos 1989). Some of the cells contain lipid
droplets. In some cases, a myoid differentiation
(“leiomyoblastic” cells) has been detected
(Gallivan et al. 1983; Gonzalez-Crussi 1983),
rarely with signs of rhabdomyoblastic differentia-
tion (Vetter et al. 1989).

Immunohistochemistry

UES usually displays a complex immunohisto-
chemical pattern, with many markers being posi-
tive in a variable pattern (Parham et al. 1991;
Table 2).

The mesenchymal tumor cells are consistently
reactive for vimentin (Lack et al. 1991; Diedhiou
et al. 2002; Kiani et al. 2006; Zheng et al. 2007
Wei et al. 2008; Shehata et al. 2011). In one study,
all tumors were vimentin positive, and part of the
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Table 2 Immunohistochemical profile of undifferentiated
embryonal sarcoma
Positivity of tumor cells for:
Vimentin (consistently)
Smooth muscle actin (in part)
Desmin (in part)
Cytokeratins (in part)
CD56 (membranous staining)
Alpha-1-antitrypsin
Glypican-3 (in part)
Adipophilin (in part)

cases were reactive for Bcl-2 (Kiani et al. 2006),
cytokeratin AE1/AE3, CD10, calponin, p53, and
exceptionally desmin (Kiani et al. 2006), illustrat-
ing the polyantigenic features of this immature
neoplasm. Focal cytokeratin expression has been
documented in some reports (Chou et al. 1990;
Lack et al. 1991), sometimes with formation of a
paranuclear dot-like staining pattern (Pérez-
Gomez et al. 2010). Part of the tumor cells is
reactive for alpha-l-antitrypsin (Abramowsky
et al. 1980; Miettinen and Kahlos 1989; Shehata
etal. 2011). In particular, the typical PAS-positive
intracellular globules were shown to contain
alpha-1-antitrypsin, but these structures are ultra-
structurally different from the inclusions found in
hepatocytes of some forms of alpha-1-antitrypsin
deficiency (Abramowsky et al. 1980). Diffuse
membranous immunostaining of tumor cells for
CD56 has been found (Pérez-Gomez et al. 2010).
Rarely, clusters of spindle cells are positive for
smooth muscle actin and desmin, suggesting mus-
cle cell differentiation (Diedhiou et al. 2002;
Nishio et al. 2003). In contrast, myogenin and
myogenic regulatory protein D1 (MyoD1) were
uniformly negative in UES (Nicol et al. 2007).
The tumor cells do not express epithelial mem-
brane antigen (EMA; Miettinen and Kahlos
1989), and nuclear accumulation of beta-catenin
was not detected in UES (Yamaoka et al. 2006).
UES, similar to mesenchymal hamartoma, shows
cytoplasmic expression of glypican-3 (Levy
et al. 2012). A part of the cells appear to share
features with hepatic stellate cells, e.g., positivity
for alpha-SMA and adipophilin-positive vesicles
(Tanaka et al. 2012).
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Cytogenetic Features

DNA ploidy studies revealed highly aneuploidy
patterns as a sign of marked genomic instability
(Chou et al. 1990; Leuschner et al. 1990). A DNA
ploidy study demonstrated a single G0/G1 peak
indicating a diploid DNA content, and only one
tumor showed a hypodiploid DNA content
(Leuschner et al. 1990). Another investigation
found an aneuploidy cellular component (Chou
et al. 1990). UES exhibits complex cytogenetic
alterations. Both gains and losses of components
of several chromosomes were detected, indicating
extensive chromosomal rearrangements in UES
(Iliszko et al. 1998). In one case, near-triploid
and near-hexaploid clones with several chromo-
somal rearrangements were detected (Iliszko
et al. 1998); this polyploidization probably
reflected in the bizarre giant nuclei typically seen
in this tumor. Aneuploidy of the cell population,
usually with high S phase, is a typical feature of
UES (Chou et al. 1990). Comparative genomic
hybridization revealed multiple chromosomal
amplifications and deletions in UES, including
gains of 1q, 5p, 6q, 8p, and 12q and losses of 9p,
11p, and 14 (Sowery et al. 2001). UES is associ-
ated with a recurrent translocation t(11;19)(ql1;
ql13.3—q13.4) or add(19)(q13.4) (see below).

Differential Diagnosis

As the clinical, radiological, and histologic pre-
sentations are highly characteristic and the tumor
predominantly occurs in children beyond the
hepatoblastoma age, this neoplasm can hardly be
confounded with other tumors.

Biology of UES

UESs are aggressive tumors that so far implied a
dismal outcome. However, new combined surgi-
cal and chemotherapy treatments have improved
prognosis (Harris et al. 1984; Horowitz
et al. 1987; Perilongo et al. 1987, Ware
et al. 1988; Steiner et al. 1989; Orozco
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et al. 1991; Walker et al. 1992; Urban
et al. 1993; Douglass 1997; Webber et al. 1999;
Bisogno et al. 2002; Kim et al. 2002; Almogy
et al. 2004, 2005; Baron et al. 2007; Kim
et al. 2007; McCarthy et al. 2007; Pachera
et al. 2008; May et al. 2012; Gao et al. 2013;
Geel et al. 2013; Ismail et al. 2013; Plant
et al. 2013). In a study of 17 patients enrolled
by the Italian and German Soft Tissue Sarcoma
Cooperative Groups and treated by surgery at
diagnosis followed by multi-agent chemotherapy
and second-look surgery in case of residual dis-
ease, 12 patients were alive with follow-up rang-
ing from 2.4 to 20 years (Bisogno et al. 2002).
Liver transplantation has been successfully
performed in pediatric patients with UES (Kelly
et al. 2009; Okajima et al. 2009; Plant
et al. 2013; Walther et al. 2013).

Relation to Mesenchymal Hamartoma
of the Liver and to Other Tumors

In few cases, UES seems to have arisen from
preexisting hepatic mesenchymal hamartoma
(see below; de Chadarévian et al. 1994; Lauwers
et al. 1997; Begueret et al. 2001; O’Sullivan
et al. 2001; Rajaram et al. 2007; Lahmar-
Boufaroua et al. 2008; Shehata et al. 2011). In
the case of a 15-year-old girl, mapping of the
tumor demonstrated a typical mesenchymal
hamartoma transforming gradually into UES.
Cytometrically, the hamartoma component was
diploid, while the UES component showed a
prominent aneuploid peak. Karyotypic analysis
revealed structural alterations of chromosome
19 (Lauwers et al. 1997). More than ten cases
have been reviewed from the literature, and in
part of them, transition zones between mesenchy-
mal hamartoma and UES have been identified
(Shehata et al. 2011). UES has been found to be
associated with tumors other than hepatic mesen-
chymal hamartoma. A teenage girl with UES
developed metachronous vaginal rhabdomyosar-
coma, and a middle-aged woman developed
metachronous B-acute lymphoblastic leukemia
(Gasljevic et al. 2011).
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A pathogenic or histogenetic link between UES
and mesenchymal hamartoma of the liver has
been suggested as early as 1978 (Stocker and
Ishak 1978), but has been challenged previously
or later (Stanley et al. 1973; Dehner et al. 1975;
Donnelly et al. 1978; Cozzutto et al. 1981;
Gallivan et al. 1983; Finegold 1986; Lack 1986;
Chou et al. 1990; Aoyama et al. 1991). However,
there are in fact few observations suggesting that
UES may develop within mesenchymal
hamartoma of the liver (de Chadarévian
et al. 1994; Lauwers et al. 1997; Ramanujam
et al. 1999; Begueret et al. 2001). In a 15-year-
old female patient, mapping of the hepatic tumor
demonstrated an  atypical = mesenchymal
hamartoma transforming gradually into UES
composed on anaplastic stromal cells. Flow
cytometry revealed that the cells of the mesenchy-
mal hamartoma were diploid, while UES cells
showed a prominent aneuploidy peak, and cyto-
genetic analysis of UES exhibited structural alter-
ations (translocation) of chromosome 19q13.4
(Lauwers et al. 1997), implicated as a potential
marker of mesenchymal hamartoma (Speleman
et al. 1989; Mascarello and Krous 1992; Bove
et al. 1998; Rakheja et al. 2004). Based on these
constellations, a pathogenetic link between these
two tumors was suggested (Lauwers et al. 1997).
Mesenchymal hamartoma of the liver is associ-
ated with a distinct chromosomal translocation, i.
e., t(11;19q)(q11;q13.4) (Mascarello and Krous
1992; Bove et al. 1998; Hu et al. 2012), and this
abnormality is thought to play a role in the path-
ogenesis of both this benign tumor and UES
which may develop from it. Analysis of the trans-
location breakpoints showed that, in one case, the
breakpoint occurred in the MALATI1 gene, and
the breakpoint was termed MHLBI1, for mesen-
chymal hamartoma of the liver breakpoint
1 (Rajaram et al. 2007).

MALAT]1 (metastasis-associated lung adeno-
carcinoma transcript 1; NEAT2, noncoding
nuclear-enriched abundant transcript 2; gene
located on chromosome 11q13.1) is a long non-
coding RNA species which is highly expressed in
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nuclei (Hutchinson et al. 2007) and whose expres-
sion correlates with the development and invasive
behavior of several tumors (Ji et al. 2003; Diederichs
2010; Tani et al. 2010; Tano et al. 2010; Lin
et al. 2011; Xu et al. 2011). In hepatocellular
carcinoma, MALAT] overexpression predicts
tumor recurrence (Lai et al. 2012). MALATI-
associated small cytoplasmic RNA (also termed
mascRNA) is roughly 53—61 nucleotides in length
and is processed from the much longer noncoding
(nc) RNA, MALATI1, by the enzyme RNAase
P. MALATI1 regulates alternative splicing by
controlling the activity of the SR protein family
or splicing factors via phosphorylation (Tripathi
et al. 2010; Ankd and Neugebauer 2010). Alter-
native splicing of pre-mRNA is employed to
achieve increased transcriptome and proteome
complexity. Alternative splicing utilizes specific
serine/arginine (SR) splicing factors, which act
in a cell-specific phosphorylation-dependent
manner. SRs and several SR-related proteins
interact with and process mRNA precursors and
thus are master regulators of gene expression
(reviews: Blencowe et al. 1999; Long and
Caceres 2009). MALAT]1 is localized to nuclear
speckles and does not shuttle between the
nucleus and cytoplasm, the localization to
speckles being regulated by RNPS1, SRm160,
and IBP160 (Miyagawa et al. 2012).

There is evidence that changes in p53 are
involved in UES (Chuang et al. 2002; Lepreux
et al. 2005; Sangkhathat et al. 2006). At least
part of UES shows nuclear immunohistochemi-
cal reactivity for p53 protein (Chuang
et al. 2002). Mutation analysis of UES revealed
missense mutations of TP53 (Kusafuka
et al. 1997; Hu et al. 2012). In one study of
UES in adults, immunohistochemistry showed
overexpression of p53 protein in more than
80 % of tumor cells, and mutations of the
TP53 gene were observed in two cases, involv-
ing the sequence-specific DNA-binding domain
(Lepreux et al. 2005). Missense mutations of
TP53 were found in three tumors of another
study, and the mutations were found specifically
in tumor tissue and not detected in the surround-
ing normal hepatic tissue and were associated
with strong p53 immunoreactivity. Mutation
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points were localized in exon 7 (Gly245Ser),
exon 6 (Argl96Pro), and exon 8 (Arg273Pro)
(Sangkhathat et al. 2006).
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