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Abstract
Rhabdomyosarcomas (RMS) are a group of
aggressive malignancies derived from a skele-
tal muscle cell lineage. These neoplasms occur
in several distinct body regions in children and
adults. One subset of RMA develops in the
hepatobiliary tract, mainly in the pediatric age
group, associated with a distinct clinical and
radiological syndrome. Hepatobiliary RMS is
defined as a mucosal-type RMS arising from
the wall of intrahepatic or extrahepatic bile
ducts. This neoplasm is the most common bil-
iary tract tumor in children, but is overall rare,
accounting for only 0.8 % of all RMS and
1.3 % of malignant liver tumors in childhood.
The neoplasm can form polypoid masses that
protrude into the bile ducts. Histologically,
most hepatobiliary RMS are embryonal
RMA, whereas alveolar RMS is a very rare
hepatic malignancy. Histologically, embryonal
RMA of the liver shows a loose neoplastic
tissue with desmin-positive stellate cells and
cells resembling rhabdomyoblasts. Frequently,
a cellular layer is found underneath the biliary
tract epithelium, the so-called cambium. RMS
of the hepatobiliary tract can rarely also occur
in adults.

Pediatric Hepatobiliary
Rhabdomyosarcoma

ICD-O codes:

Embryonal rhabdomyosarcoma 8910/3

Alveolar rhabdomyosarcoma 8920/3

Pleomorphic rhabdomyosarcoma 8901/3

Introduction

Rhabdomyosarcomas (RMS) are a group of
aggressive mesenchymal malignancies well
known to occur in several distinct body regions
of children and histologically characterized by a
growth of immature muscle cells with or without
detectable cross-striation. Several types of RMS
are now recognized, including embryonal RMS,

alveolar RMS, pleomorphic RMS, spindle cell
RMS, and anaplastic forms (Parham and Barr
2013).

Hepatobiliary rhabdomyosarcoma (HBRMS)
is defined as a mucosal-type RMS arising from
the wall of the intra- or extrahepatic bile ducts.
This RMS is almost always an embryonal RMS.
The lesion has first been described in 1875 (Wilks
and Moxon 1875) and has later also been
described as embryonic tumor with striated mus-
cle (Sheehan 1930), a malignant mixed tumor of
the choledochal duct (Goeters 1941), and a cystic
liver tumor of the mixed type (Williams 1953).
The case of Sheehan (1930), a 6-year-old girl, was
described in great detail, and the author already
pointed out that this type of tumor may present in
the form of intrahepatic cysts representing dilated
bile ducts obstructed by the intraluminally grow-
ing tumor. The lesion was further specified by
Willis (1962).

Malignant muscle tumors have already been
identified in the nineteenth century. The first case
of RMS may have been described by the famous
Viennese pathologist, Karl Freiherr von
Rokitansky, who noted a tumor consisting of stri-
ated muscle cells in the tunica albuginea of the
testis (von Rokitansky 1849). The first pediatric
case might have been observed in a 3-year-old
child by the Czech physician, Vilém Dusan
Lambl, who called the tumor “muscle carcinoma”
(Lambl 1860). Lambl is best known for his detec-
tion of an intestinal parasite which he called
Cercomonas intestinalis (however, first observed
by Anton van Leeuwenhoek) and which is now
termed Giardia lamblia, an eponym based on
Lambl and the French biologist, Alfred Mathieu
Giard (1846–1908). Several classifications of
RMS have been proposed (reviews: Parham
2001; Caillaud et al. 2006), and attempts for
molecular classification have been undertaken
(Davicioni et al. 2009).

Epidemiology

HBRMS is the most common biliary tract tumor
in the pediatric age group and is, e.g., clearly more
common as pediatric cholangiocarcinoma. But the
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tumor is, overall, rare, and it accounts for only
0.8 % of all rhabdomyosarcomas and 1.3 % of all
malignant liver tumors in childhood. At the time
of diagnosis, 75 % of the children are under
5 years of age, and the tumor most often occurs
in children aged 3–4 years. Girls are generally
more frequently involved (5:1). However, in a
review of 26 patients reported between 1875 and
1981 (Lack et al. 1981), 13 were male, 12 were
female, and in 1 patient, the sex was not specified.
Rarely, HBRMS occurs in adolescents (Haider
et al. 2013).

Clinical Features

Clinical signs and symptoms are rather
nonspecific and include upper abdominal pain,
abdominal distention, nausea with vomiting, and
hepatomegaly The clinical presentation is closely
linked to the distinct growth pattern of the tumor,
which grows along and within the bile ducts,
causing biliary obstruction and cholestatic jaun-
dice. Jaundice with or without associated leuko-
cytosis was found as the presenting sign in
60–80 % of cases and critically depends on the
level of bile duct involvement, being common in
RMS located to the porta hepatis and obligatory in
RMS of the ampullary region. Jaundice is com-
monly associated with marked hepatomegaly, and
this combination may be confused with forms of
icteric and cholestatic hepatitis. Obstructive jaun-
dice occurs relatively late in the course of the
disease, i.e., when the tumors are adequately
large and then obturating the lumina, because
bile flow continues between the intraluminal
tumor projections. As in other malignancies
(Staalman and Umans 1993), HBRMS may be
associated with the paraneoplastic syndrome,
hypertrophic osteoarthropathy (Geary
et al. 2004). Radiologically, HBRMS may mimic
choledochal cyst (Zampieri et al. 2006; Rebollo
Guelar et al. 2013; Margain-Deslandes
et al. 2013).

Selected References Goeters 1941; Gaubert
1965; Hays and Snyder 1965; Virenque
et al. 1966; Soper and Dunphy 1968; Davis

et al. 1969; Akers and Needham 1971; Corbineau
et al. 1975; Babut et al. 1976; Taira et al. 1976;
Nagaraj et al. 1977; Isaacson 1978; Cannon
et al. 1979; Hashimoto et al. 1980; Coronado
Perez and Angulo Hernandez 1981; Lack
et al. 1981; Martinez et al. 1982; Mulet
et al. 1982; Friedburg et al. 1984; Shamis
et al. 1985; Arnaud et al. 1987; Horowitz
et al. 1987; Shimada et al. 1987; Caty
et al. 1990; Mann et al. 1990; Perisic et al. 1991;
Gururangan et al. 1992; Babin-Boilletot
et al. 1993; Lee et al. 1996; Pollono et al. 1998;
Balkan et al. 1999; Hunt et al. 2002; Kebudi
et al. 2003; Aggarwal et al. 2004; Zampieri
et al. 2006; Huber et al. 2008; Zhao et al. 2011;
Kumar et al. 2012; Diaconescu et al. 2013.

HBRMS of the Intrahepatic Bile Ducts

The intrahepatic biliary tree is the second most
common manifestation of HBRMS, this tumor
being more common in the extrahepatic duct sys-
tem (see below). Sonography, conventional radi-
ology, and CT display rather typical and,
sometimes, pathognomonic changes. They com-
prise intrahepatic masses of heterogeneous struc-
tures with cystic areas and septations and bile duct
stenosis with prestenotic duct dilatation
(Witcombe 1979; Ruymann et al. 1985; Williams
and Sheward 1986; Arnaud et al. 1987; Lee
et al. 1996; Donnelly et al. 1998). MRI of the
lesions show high signal intensity with heteroge-
neous enhancement in T2-weighted single-shot
fast spin-echo axial MR images (Geary
et al. 2004).

HBRMS of the Extrahepatic Bile Ducts

HBRMS involvement of the common bile duct is
rare, but important pathology of the lower biliary
tract in children, and is the most common site of
HBRMS. Leriche (1934) reported the first case.
The patient was a 4.5-year-old boy who presented
with jaundice and a huge abdominal mass. At
laparotomy, an enormous cystic dilatation of the
common bile duct was seen. RMS of the large bile
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duct can mimic a choledochal cyst (Nemade
et al. 2007; Ali et al. 2009). The dilated duct
contained copious bloody, mucoid fluid and a
tumor the size of a child’s head (Leriche 1934).
Several other cases were reported since.

Selected References Goeters 1941; Willis 1948;
Werner 1951; Horn et al. 1955; Farinacci
et al. 1956; Bernheim et al. 1962; Delany
et al. 1966; Gout et al. 1974; Majmudar and
Kumar 1976; Sarrazin et al. 1977; Taura
et al. 1977; Phatak and Prabhu 1982; Friedburg
et al. 1984; von der Oelsnitz et al. 1991;
Verstandig et al. 1991; Sanz et al. 1997; Berghoff
et al. 1998; Prasad et al. 2003; Aggarwal
et al. 2004; Kirli et al. 2012.

Ultrasonography typically shows biliary dilata-
tion (Friedburg et al. 1984; Arnaud et al. 1987;
Geoffray et al. 1987) and a space-occupying pro-
cess or intraductal mass within the common duct,
usually surrounded by fluid which may reflect
necrosis (Friedburg et al. 1984; Geoffray
et al. 1987). The portal vein may be displaced by
large lesions, but portal vein thrombosis has not
been noted (Geoffray et al. 1987). Color Doppler
imaging has revealed numerous abnormal tumor
arteries with low resistive index (Roebuck
et al. 1998). CT images disclose low-density irreg-
ularly shaped masses within the dilated duct, with
hypodense and heterogeneous attenuation pat-
terns (Geoffray et al. 1987). Low attenuation
areas within the tumor have been reported (Miller
and Greenspan 1985; Caty et al. 1990; Patil
et al. 1992; Linstedt-Hilden and Brambs 1994).
With contrast enhancement, the tumors show four
patterns: strong heterogeneous, incomplete glob-
ular, mild, and none (Roebuck et al. 1998). The
masses may be surrounded by fluid collections
which represent bile fluid between the duct wall
and the protruding tumor masses (Roebuck
et al. 1998). This pattern is also seen in cholangio-
grams, showing irregular luminal defects
(Friedburg et al. 1984), a large mass in the duct
lumen (Sanz et al. 1997), or the replacement of the
common duct by a multilocular cystic lesion asso-
ciated with prestenotic marked bile duct dilatation
(Kitagawa and Aida 2007). This lesion pattern has

been described as early as 1979 by the use of
percutaneous transhepatic cholangiography (Can-
non et al. 1979). In the case of RMS located to the
hepatic hilum, multilocular cystic lesions are seen
in US and CT (Kitagawa and Aida 2007). The
characteristic luminal alterations caused by RMS
can also be demonstrated by use of endoscopic
retrograde cholangiopancreatography (ERCP;
Himes et al. 2008). In case of marked bile duct
dilatation caused by stenosis, choledochal cyst
was a frequent diagnosis before surgery
(Ruymann et al. 1985; Caty et al. 1990; von der
Oelsnitz et al. 1991; Tireli et al. 2005). It has been
reported that coronal CT sections were particu-
larly useful in demonstrating the complex rela-
tionship of common bile duct RMS to the porta
hepatis, pancreas, and duodenum (Verstandig
et al. 1991). In MR images, the tumors show
predominantly low signal intensity on
T1-weighted images with intense but inhomoge-
neous contrast enhancement. On T2-weighted
images, the tumors are moderately to markedly
hyperintense (Roebuck et al. 1998).

Pediatric Rhabdomyosarcoma
of the Ampullary Region

Embryonal RMS located to the ampullary region
is a very rare variant of hepatobiliary RMS caus-
ing biliary obstruction. This pathology was first
described in 1968 based on autopsy findings on a
6-year-old child (Isaacson 1978). In another case,
a 3-year-old boy, exploratory laparotomy
performed for obstructive jaundice and a cystic
ampullary mass at imaging showed a cystic tumor
within the posterior aspect of the pancreatic head,
contiguous with the distal common bile duct. The
cystic mass was opened, and botryoid, gelatinous
material was spontaneously extruded from the
cavity. Histology displayed embryonal RMS.
Pancreaticoduodenectomy followed by adjuvant
chemotherapy and irradiation resulted in long-
term survival (Caty et al. 1990). A third case
related to a 20-month-old baby girl who presented
with 1-month history of progressive jaundice.
Contrast-enhanced CT showed a large heteroge-
neous mass which appeared to arise from the
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ampullary region causing biliary dilatation.
Endoscopy revealed a large ulcerated lesion in
the second part of the duodenum. In the resection
specimen, an exophytically growing tumor of
11 cm diameter centered on the ampulla was
found. Histology showed ampullary embryonal
RMS with invasion of the distal common bile
duct, duodenal wall, and pancreas (Perera
et al. 2009).

HBRMS in Choledochal Cyst

Choledochal botryoid RMS was described in a
22-month-old boy who developed obstructive
jaundice. Imaging first suggested cystic
lymphangioma, but the cystic space was found at
surgery to be a choledochal cyst harboring RMS
(Sassi et al. 2008). A second reported patient was
a 6-year-old girl who presented with recurrent
jaundice and loss of weight. A large abdominal
mass was palpable, and US and CT revealed a
large subhepatic mass with multiple septations.
The common bile duct opened directly into the
mass, and the mass was continuous with the
intrahepatic radicles. The resection specimen
showed that the mass was choledochal cyst with
secondary RMS (Patil et al. 1992).

Pediatric Rhabdomyosarcoma
of the Liver Not Related to the Biliary
Tract

Primary intrahepatic rhabdomyosarcoma not
related to the biliary tract is extremely rare in
children. Pack and Miller (1956) reported on a
14-year-old girl with a large tumor in the right
liver lobe. Almost the entire lobe was replaced by
a cystic thick-walled mass (up to 15.5 cm diame-
ter) filled with amorphous necrotic brown-stained
material and thin blood-tinged fluid. The histol-
ogy showed embryonal RMS. Scheiden
et al. (1988) described a 7-year-old boy who had
presented with painful hepatomegaly and huge
tumor in the left liver lobe. Surgical resection
revealed an 18 cm-sized tumor in the left lobe,
with extensive central regressive and cystic

change. Histology showed embryonal RMS with
immature-looking, desmin-positive tumor cells.
The patient of Huang and coworkers (2003) was
an 8-year-old boy presenting with abdominal
pain, spiking fever, and a rapidly growing abdom-
inal mass. Imaging revealed a large solid tumor in
the right liver lobe, and the mass was removed by
an extended right hepatectomy. Histology showed
pleomorphic RMS. The patient died 2 months
after resection due to tumor recurrence and mas-
sive internal hemorrhage. A second report
described a 10-year-old boy who had a volumi-
nous tumor at the inferior face of the right liver
lobe, associated with thrombosis of the
retrohepatic part of the inferior caval vein. The
histology was embryonal rhabdomyosarcoma
(Chat et al. 2007).

Rhabdomyosarcoma of the Hepatic
Pedicle

In the pediatric age group, the hepatic pedicle or
porta region represents an anatomical compart-
ment where unusual tumors may arise, including
liposarcoma and rhabdomyosarcoma. Embryonal
RMS was observed in the mesenchyme of the
liver pedicle in a 10-year-old child (Ferlicot
et al. 1999).

Macroscopic Pathology

Most HBRMS exhibit a growth pattern centered
on the intrahepatic bile ducts. Apart from this
main pattern, RMS may also show a predomi-
nantly invasive growth pattern, with marked infil-
tration of the liver substance (Linstedt-Hilden and
Brambs 1994). The tumor may present in the form
of a mass filled with hemorrhagic and necrotic
material (Kebudi et al. 2003). In resection speci-
mens, one may note polypoid tumor masses that
take their origin in the bile duct wall and protrude
into the dilated bile duct lumen, sometimes
resulting in the typical grape-like morphology
that gave this RMS its name (botryoid meaning,
grape-like). Resected polypoid, botryoid growths
show a striking resemblance to nasal polyps. This
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botryoid pattern may result in voluminous
papillary-polypoid growths (Leriche 1934; Davis
et al. 1969). Smaller resection specimens may
only consist of soft, polypoid, gelatinous, and/or
transparent tissue fragments. In RMS mainly
showing an intrahepatic growth pattern, the cut
surface of resection specimens may show, within
the mass, bulging tumor nodules representing the
polypoid intraductal lesions (Lack et al. 1981).

Histopathology

The histopathology of HBRMS is, as such, the
same for intra- and extrahepatic tumors and is
therefore summarized for both paragraphs
(Figs. 1, 2, and 3; Bässler and Voth 1962).
Non-necrotic tumors have an intact surface
toward the biliary lumen. Already Sheehan
(1930), in his report of a large intrahepatic
HBRMS, emphasized that “the mucous columnar
epithelium of the included cysts and the bile ducts
remained intact and healthy. Thus in the extension
down the common bile-duct the large mass of
tumour cells had spread underneath the epithe-
lium which it had raised undamaged on its sur-
face.” The intact biliary epithelium (with some
degrees of epithelial disarray and/or atrophy) is
expectedly positive for cytokeratins 7 and 19 and
seems to play a significant role for the botryoid
growth pattern. The subepithelial tumor generally
shows a low cellularity, except a characteristic
subepithelial zone of high cellularity, the
so-called cambium layer well known from other
mucosal sites of RMS. This layer contains most
frequently embryonal rhabdomyoblasts, round
cells with a myogenic cytoplasm, and racquet
and strap cells. The latter possess large nuclei
and dark, clumped chromatin and may show
cross-striations. Within the cambium, foamy mac-
rophages laden with lipids are not infrequently
found (Davis et al. 1969). Interspersed among
these neoplastic cells is a myxoid tissue compo-
nent which becomes more prominent toward
deeper layers of the tumor, where the neoplastic
cells are more commonly stellate or spindled. The
loose aspect of this tissue component may pose

considerable differential diagnostic difficulties,
because it may be misinterpreted as reactive
edematous tissue in biopsies. This myxoid tissue
may grow around septal and interlobular bile duct,
producing a characteristic tissue sheath. Small
bile ducts are usually surrounded by a
hypercellular cambium which is in turn
surrounded by a looser myxoid tissue (Davis
et al. 1969). This tumor tissue induces stenotic
changes with the formation of small bile duct
cysts.

Fig. 2 Hepatobiliary rhabdomyosarcoma, embryonal
type. Some of these neoplasms produce polypoid lesions
with a loose hypocellular tumor tissue, protruding into bile
ducts (botryoid rhabdomyosarcoma; hematoxylin and
eosin stain)

Fig. 1 Hepatobiliary rhabdomyosarcoma, embryonal
type. Immature tumor cells form a hypercellular
subepithelial layer in a bile duct, the so-called cambium
layer (hematoxylin and eosin stain)
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Immunohistochemistry

Immunohistochemistry has been considered to be
the decisive diagnostic method in more than 20 %
of RMS. RMS cells are consistently reactive for
vimentin, and they express the skeletal muscle cell
lineage markers, desmin, myogenin, and myogenic
regulatory protein D1/MyoD1 (Fig. 4; Dias et al.
1990; Parham et al. 1991; Cessna et al. 2001; Sebire
and Malone 2003). In a study of 956 cases (the
majority of course being extrahepatic tumors), it
was found that myogenin andMyoD1were equally
sensitive (positive for 97 % of RMS cases), with
both also showing similar specificity (90 %
vs. 91 % of cases), but expression was more con-
sistent in alveolar RMS (ARMS) than embryonal
RMS/ERMS (Morotti et al. 2006). In particular,
nuclear myogenin expression is more pronounced
in ARMS than in ERMS (Morgenstern et al. 2008).
In pediatric liver tumors, polyclonal desmin and
muscle-specific actin were variably immunoreac-
tive in undifferentiated embryonal sarcoma (UES)
and RMS; however, myogenin and MyoD1 were
uniformly negative in UES and routinely positive in
the majority of hepatobiliary RMS (Nicol
et al. 2007). Embryonal RMS did not stain for the
paired box transcription factor, PAX5, while 67 %
of alveolar RMS were positive (Sullivan
et al. 2009). It has been reported that diffuse

myogenin expression in soft tissue pediatric RMS
is an independent marker of poor survival
(Heerema-McKenney et al. 2008). RMS with a
component of round cells may be difficult to dis-
tinguish from other blue small cell tumors, e.g.,
neuroblastoma. Peripherin and alpha-internexin
are specifically expressed in neuroblastoma but
not in RMS. Microtubule-associated protein 1B
(MAP1B) is strongly and diffusely expressed in
all neuroblastomas but is also detectable in RMS.
Nestin is diffusely expressed in RMA but also
(multifocally) in a fraction of neuroblastomas (Wil-
loughby et al. 2008). Part of RMS (more commonly
ARMS than ERMS) may express anaplastic lym-
phoma kinase (ALK), most likely independent of
the chromosomal fusion status (Corao et al. 2009).
The intraluminal polypoid tumor masses in
botryoid hepatobiliary RMS are lined by the
preexisting cholangiocyte population (Fig. 5).

Ultrastructure

At electron microscopy, cells remote from the
biliary mucosal surface are usually separated by
a greater amount of loose ground substance
containing few scattered collagen fiber bundles.
Small aggregates of tumor cells may be partially
surrounded by basement membrane. Many tumor

Fig. 3 Botryoid hepatobiliary rhabdomyosarcoma. The
embryonal rhabdomyosarcoma consists of slender
rhabdomyoblasts. The lesion is covered by damaged bili-
ary epithelium. Botryoid rhabdomyosarcomas may lack a
cambium layer (hematoxylin and eosin stain)

Fig. 4 Hepatobiliary rhabdomyosarcoma, embryonal
type. Tumor cells in the cambium layer and stellate cells
deeper in the loose tissue are desmin positive (desmin
immunostain)
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cells are so immature that a proper ultrastructural
classification is not possible, but there are also
rhabdomyoblasts with variable degrees of differ-
entiation and sometimes well-defined, trans-
versely oriented electron-dense areas and/or
incomplete or deformed sarcomeres (Lack
et al. 1981). In one electron microscopic study,
the neoplasm was shown to consist of three types
of cells: polygonal, elongated, and small cells. In
contrast to the first two cell types, which revealed
moderate to large amounts of myofibrils and
occasional A, I, and Z bands, the small cell pop-
ulation was poor in myofibrils, but had dilated ER
profiles (Taura et al. 1977).

Biology of Disease

HBRMS is an aggressive lesion that may infiltrate
the liver substance and cause local and remote
tumor spread, although this type of RMS is more
prone to invasion of contiguous structures (Davis
et al. 1969; Ruymann et al. 1985). In about 30 %
of cases, metastases to the peritoneum, omentum,
and locoregional lymph nodes occur. Distant
metastases have been found in the lungs, pericar-
dium, and bones of skull and extremities (Davis
et al. 1969).

HBRMS remained incurable for a very long
time period, until a child was cured by partial

surgical resection, radiotherapy, and chemother-
apy in 1971 (Akers and Needham 1971). In 1985,
the Intergroup Rhabdomyosarcoma Study Group
(IRSG) reported ten cases of HBRMS treated on
the IRS I and IRS II protocols (Ruymann
et al. 1985). Four of these ten patients survived,
showing that, at that time, outcome was still poor.
Aggressive surgery had been proposed (Martinez
et al. 1982; Schweizer et al. 1994), but an analysis
of 25 eligible patients with HBRMS enrolled in
IRSG studies I through IV from 1972 to 1998
showed that gross total resection is rarely possible
despite aggressive surgery and that outcome is
good despite residual disease after surgery
(Spunt et al. 2000). The signs and sequelae of
obstructive jaundice/cholestasis may be relieved
by external and internal-external biliary drainage
(Roebuck and Stanley 2000). RMS located in soft
tissues and classical sites will more and more be
stratified for risk, e.g., via immunohistochemical
marker expression or gene expression profiling
(metagene patterns; Bortoluzzi et al. 2005). This
has not yet been accomplished with hepatobiliary
RMS, owing to the rarity of these lesions.

Hepatobiliary Alveolar
Rhabdomyosarcoma

Hepatobiliary alveolar RMS is a very rare neo-
plasm (Fig. 6). Only in two reports there is evi-
dence of an alveolar component. In a pediatric

Fig. 5 Hepatobiliary rhabdomyosarcoma, embryonal
type. A cytokeratin 19-positive cholangiocyte lining
covers the bulging tumor. Note the vague cambium layer
and the loose tumor tissue with stellate cells in the deeper
part of the duct (CK19 immunostain)

Fig. 6 Alveolar rhabdomyosarcoma of the liver (hema-
toxylin and eosin stain)
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hepatic rhabdomyosarcoma with striated tumor
cells and associated with mucin-producing cysts
reported in 1930 (Sheehan 1930), one figure of the
publication depicts what seem to be alveolar rhab-
domyosarcoma. The other patient with an alveolar
hepatic RMS was an adult male (68 years) with a
tumor in the right liver lobe (Shibata et al. 1987).

Primary Rhabdomyosarcoma
of the Bile Ducts in Adults

Primary RMS of the large bile ducts in adults is
extremely rare and has been described in the com-
mon bile duct (Aldabagh et al. 1986). The
40-year-old female patient presented with jaun-
dice of short duration. A transhepatic percutane-
ous cholangiogram revealed an obstructive lesion
involving the common bile duct with marked dila-
tation of the biliary system. At laparotomy, the
tumor grossly involved the wall of the
choledochus and extended into the cystic duct
and common hepatic duct. Histologically, one
noted an infiltration of the full thickness of the
wall and the surrounding fatty tissue by a desmin-
and myoglobin-reactive RMS with a distinct cam-
bium layer. Elsewhere, the cells infiltrated in a
single-file pattern with a desmoplastic reaction
around normal structures (Aldabagh et al. 1986).
Rhabdomyosarcoma may also develop in
choledochal cysts. Pleomorphic RMS within a
choledochal cysts has been described as a cause
of obstructive jaundice (Tufail et al. 2006).

Primary Rhabdomyosarcoma
of the Liver in Adults Not Clearly
Related to the Biliary Tract

Adult-type rhabdomyosarcoma has been classi-
cally defined as a pleomorphic sarcoma with
desmin expression occurring in the extremities
and the trunk of adult patients. Classification
of these lesions has been complex until a consen-
sus was found (Palmer, SIOP, NCI, and Interna-
tional Classifications; review: Parham 2001).
Histologically, these neoplasms occur in three
categories, i.e., spindle cell RMS, pleomorphic

RMS, and mixed forms (Stock et al. 2009). Spin-
dle cell RMS seems to be a variant of embryonal
RMS, and this tumor also occurs in the form of
sclerosing spindle cell RMS (Gavino et al. 2010).
Alveolar RMS is a distinct entity different in
many aspects from classical adult-type RMS and
shows up in a classical form and variants, includ-
ing the clear cell variant. RMS occurring in the
adult liver as a primary tumor seems to have
complex features, in that also embryonal-type
RMS and variants thereof have been reported.

Selected References Miller and Pack 1956;
Mori et al. 1979; Hatanaka et al. 1983; Watanabe
et al. 1983; Morimoto et al 1986; McArdle
et al. 1989; Cote and Urmacher 1990; Hayakawa
et al. 1990; Zornig et al. 1992; B€urrig and Knauer
1994; Hiyama 1995; Tominaga et al. 1995;
Meyer-Pannwitt et al. 1996; McRae and
Lee 2005.

Two tumors were reported to be alveolar RMS
(Shibata et al. 1987; Schoofs et al. 2011). In one
of these neoplasms, FISH analysis revealed
PAX3/FOXO1A fusion (Schoofs et al. 2011).
The hepatic cell of origin for these sarcomas is
not known. Hepatic RMS in the adult may coexist
with synchronous hepatocellular carcinoma in the
same liver (Hatanaka et al. 1983; Morimoto
et al. 1986; Hayakawa et al. 1990).

Pathology

Macroscopically, the tumors were described to be
mass lesion with a nodular border, whitish to
yellowish, and either soft or firm. Sometimes,
hemorrhage and necrosis occur (Watanabe
et al. 1983). Embryonal RMS classically consists
of small, undifferentiated round to spindled or
stellate cells that may resemble embryonic skele-
tal muscle cells. These cells are embedded in a
myxoid matrix, causing a typical “loose” aspect of
the tissue, with hypocellular and hypercellular
areas. Differentiation of the cell lineage presents
as an increasing number of cells with eosinophilic
cytoplasm (“tadpole cells” and “strap cells”).
These cells contain myofibrils, may show cross-
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striation, and are rhabdomyoblasts. This pheno-
type is the classical variant of embryonal RMS.
Part of the tumor cells may show distinct angula-
tion of the muscle fibers – the so-called broken
straw sign. The spindle cell variant has not been
found in the liver so far. Immunohistochemically,
more than 95 % of the tumor cells are reactive for
desmin (Altmannsberger et al. 1985) and for
HHF35, a monoclonal antibody directed against
muscle actins (Schmidt et al. 1988). Nuclear pos-
itivity for myogenin is also diagnostically very
useful (Cessna et al. 2001).

Rhabdomyosarcoma in/of the Inferior
Vena Cava

Sarcoma of the inferior vena cava is usually
leiomyosarcoma, with or without associated
Budd-Chiari syndrome (see the respective chap-
ter). More than 100 cases of this distinct entity
have been reported. In contrast, other sarcomas
are exceptional findings in this location. In partic-
ular, this refers to vascular RMS, which is mainly
known from the pulmonary trunk and the pulmo-
nary artery (Watanabe et al. 1985). A 63-year-old
male patient had obstruction of the inferior vena
cava caused by intraluminal pleomorphic RMS.
This tumor was resected, but the patient died of
local recurrence. Autopsy revealed RMS extending
from the inferior vena cava just above the right
renal vein to the right atrium and involving the
caudate lobe of the liver. The tumor was associated
with Budd-Chiari syndrome. It was difficult to
decide whether the tumor took its origin in the
vena cava or the liver (Fujita et al. 1993).

Intraperitoneal Involvement
in Pediatric Rhabdomyosarcoma

Peritoneal manifestations of pediatric malignancy
chiefly relate to desmoplastic small round cell
tumors, lymphoma, germ cell tumors, neuroblas-
toma, Wilms tumor, and secondary seeding of
intracranial tumors by ventriculoperitoneal
shunts. Intraperitoneal neoplastic involvement in
RMS is not common but may get into differential

diagnostic considerations in case the lesions
develop on the liver surface. It has been reported
that approximately 10 % of children with
abdominopelvic RMS may have intraperitoneal
involvement either at the time of diagnosis or
subsequently. The manifestations of intraperito-
neal involvement comprise enhancing nodules or
masses, a pseudomyxoma peritonei-like appear-
ance, omental caking, and ascites (Chung
et al. 1998). Intraperitoneal involvement has
been observed in pelvic RMS, with enhanced
nodular lesions in CT also located around the
liver and in the lesser sac (Oto et al. 2001).

Liver Metastasis in Pediatric and Adult
Rhabdomyosarcoma

RMS may metastasize to almost all organs, but
there are instances where patients with RMS pre-
sent with a distinct mode of diffuse metastasis.
These cases may be called the leukemic variant of
RMS, because the children can have fever, gener-
alized malaise, bone pain due to marrow involve-
ment, and circulating RMS cells in the peripheral
blood smear resembling leukemia (Cohen 1992).
Hepatic metastases have also been described for
sclerosing RMS (Kikuchi et al. 2013).

Hepatic Rhabdomyomatous Tumors

In the pediatric age group, rhabdomyomas typi-
cally occur in the heart and here mostly in the
context of tuberous sclerosis. In 1862, Friedrich
Daniel von Recklinghausen reported pigeon
egg-sized myomas found in the heart of a new-
born (von Recklinghausen 1862), and these
lesions were termed rhabdomyoma by the Ger-
man physician and pathologist, Friedrich Albert
von Zenker (1864). In childhood,
rhabdomyomatous tumors may arise in the liver
as a late sequela of fetal rhabdomyomatous
nephroblastoma. This lesion is considered to be
a predominantly monophasic mesenchymal vari-
ant of Wilms tumor, sometimes bilateral, which
has not been seen in patients older than 4 years. It
exhibits a less aggressive biology than standard
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Wilms tumor despite its usually much larger size
(Wigger 1976; Eble 1983; Joseph et al. 2003).
Primary and metastatic lesions of this
nephroblastoma variant can undergo maturation
(Ishikawa et al. 2001). In a 14-year-old boy, a
tumor with the features of a fetal rhabdomyoma
arose in the liver 13 years after treatment for fetal
rhabdomyomatous nephroblastoma (van der
Kwast et al. 1992).

Other Liver Tumors
with a Rhabdomyocytic/
Rhabdomyoblastic Differentiation

In the pediatric age group, hepatoblastoma may
develop rhabdomyoblastic components within the
spectrum of mixed epithelial and mesenchymal
hepatoblastoma with teratoid features (Shabanov
et al. 1981). However, there are also pediatric liver
tumors with a rhabdomyoid component that can-
not easily be allocated to mixed hepatoblastomas.
Williams (1953) described, in 2-year-old boy, a
neoplasm which he termed liver tumor of mixed
type. The tumor presented as a cystic mass located
in the right liver lobe. At necropsy, the mass
consisted of cysts with a diameter ranging from
1 to 3 cm and solid components. The largest cystic
mass had a fibrous capsule and contained thin
leaves of tissue separated by a glairy mucous
substance. Microscopically, the cysts were lined
by a mucus-secreting cuboid or flattened epithe-
lium. The cysts were separated by a mesenchyme
that showed embryonic features and hypercellular
areas, containing round cells, spindle cells, or
strap-like cells and focally immature muscle
cells with cross-striation. A similar tumor had
been described by Sheehan (1930). A 6-year-old
girl showed, at necropsy, a liver tumor of 12 cm
diameter. This tumor grossly consisted of whitish
tissue and was fairly soft, but showed little necro-
sis and no hemorrhage. It had a well-defined but
not encapsulated edge. An extension had spread
down the bile duct, with formation of a bulging
and bulbous intraluminal mass. Histology in part
corresponded to rhabdomyosarcoma, with striated
tumor cells. In addition, however, there were clus-
ters of cysts associated with the tumor, measuring

up to 2 cm in diameter. The cysts were lined by
single layer of columnar epithelium which
secreted mucin. There are primary hepatic tumors
which co-express features of both, hepatocellular
carcinoma and rhabdomyosarcoma (so-called
rhabdomyosarco-hematoma; Goldman and Fried-
man 1969), or features of combined cholangio-
carcinoma and rhabdomyosarcoma. These
carcinosarcomas are discussed in a separate chap-
ter. Gastrointestinal stromal tumors (GIST) can
show, both in the primary tumor and liver metas-
tasis, rhabdomyosarcomatous differentiation after
tyrosine kinase inhibitor therapy (Liegl
et al. 2009). Schmid and coworkers reported a
liver tumor observed in a 36-year-old female
patient who had developed intermittent fever and
increasing asthenia (Schmid et al. 1979). In a right
hepatectomy specimen, they found a spherical,
well-circumscribed tumor of 8.5 cm diameter,
composed of a whitish-gray, moderately firm tis-
sue with small cystic areas. Histologically, the
tumor did not invade the surrounding liver tissue,
but rather caused perifocal tissue compression.
The interface between the tumor and the liver
was characterized by a dense inflammatory infil-
tration. The neoplasm itself consisted of elongated
spindle cells and large and pleomorphic, often
multinucleated cells with only rare mitotic figures.
Some of the cells displayed a ribbon-shaped
appearance like skeletal muscle fibers, however
without cross-striation. Also the interior of the
tumor showed an inflammatory reaction. These
findings suggested a rhabdomyoblastic origin,
but ultrastructurally, the tumor cells shared fea-
tures with hepatocytes. Hence, this neoplasm may
represent an example of epithelial-mesenchymal
transition.
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