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Abstract Rhabdomyosarcoma
(RMS) occurs infrequently in the

liver and biliary tree. Although the
radiological diagnosis may be simple
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when the tumour involves the extra-
hepatic bile ducts, no specific imag-
ing features are known for hepatic
RMS. We present four cases and
discuss the role of diagnostic radiol-
ogy in the management of this tu-

Introduction

Although rhabdomyosarcoma (RMS) is the most com-
mon tumour of the biliary tree in childhood [1, 2], it is a
rare lesion, accounting for about 1% of all RMS (or
about 0.04 % of all cancer) in children [3, 4]. When a
large tumour arises in the liver in children, a biliary ori-
gin is difficult to prove [5], as intraductal growth can
not always be demonstrated.

Histological classification of RMS has traditionally
been different in the United States [6] and Europe [7],
but the new International Classification of Rhabdomyo-
sarcoma [8] may now become universal. Hepatobiliary
RMS in childhood is of the embryonal or botryoid types
[3]. The radiological findings of hepatobiliary RMS
have been described in small series [1, 5, 9-13] and case
reports [14-20]. We present four new cases and discuss
the imaging features, the differential diagnosis and the
role of radiology in the assessment of operability, the
search for metastatic disease, the evaluation of response
to therapy and surveillance following surgery.

Case reports
Case 1

A 28-month-old Latino boy presented with a 2-week history of
jaundice and fever and 1 week of pruritus, nausea and diarrhoea.
On examination, he was icteric, with firm hepatomegaly. US, CT,
MRI and percutaneous transhepatic cholangiography (PTC) were
performed (Fig.1), and these showed a mass in the intra- and ex-
trahepatic bile ducts consistent with RMS. He was treated by py-
lorus-sparing pancreaticoduodenectomy with resection of the
common bile duct. Histopathological examination confirmed em-
bryonal RMS. Lymph node biopsies showed no tumour, but there
was microscopic disease at the proximal resection margin of the
bile duct. Postoperatively he was given vincristine, actinomycin D
and doxorubicin, and he remains in continuous complete remission
6 years later.

Case 2

A 36-month-old Latino boy presented with a 1-week history of
jaundice, abdominal distension and diarrhoea. US showed a mass
at the porta hepatis with intrahepatic duct dilatation. This was con-
firmed by CT (Fig.2a), which also revealed extension into the
duodenum (Fig.2b) and enlarged para-aortic lymph nodes in the
inferior mediastinum. An open liver biopsy confirmed the diagno-
sis of embryonal RMS. PTC and external biliary drainage were per-
formed (Fig.2c), and this was converted to bilobar internal-
external drainage 4 days later. There was progression of disease
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Fig.1 a Oblique ultrasonogram shows tumour (cursors) within the
common hepatic duct. The portal vein is slightly compressed, but
not invaded. b Contrast-enhanced CT shows the tumour as a low-
attenuation ductal mass (arrow), with probable intrahepatic exten-
sion (arrowhead). ¢ T1-weighted MRI at the same level confirms
the extension of tumour into an intrahepatic duct (arrow). d Coro-
nal T1-weighted MRI reveals extension of the tumour along the
extrahepatic bile ducts and shows mild central intrahepatic biliary
dilatation. e PTC shows lobular filling defects in the bile ducts (ar-
rows)

despite systemic chemotherapy, and the patient died a few months
after presentation.

Case 3

A 12-year-old Chinese girl presented with a 3-week history of jaun-
dice and loss of appetite. On examination, there was a huge ab-
dominal mass. Liver enzymes and total bilirubin were elevated.

US (Fig.3a), CT (Fig.3b) and MRI (Fig.3c—e) were performed in
an attempt to characterise the liver mass. The pattern of contrast
enhancement on CT and MR was considered compatible with a
vascular lesion, but this was excluded by a technetium-99m la-
belled red blood cell scan (Fig.3f) which showed a photopenic
mass. Open liver biopsy revealed embryonal RMS. She was treated
with vincristine, actinomycin D, ifosfamide and cyclophosphamide,
but died of disease progression 9 weeks after presentation.
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Fig.2 a Contrast-enhanced CT
shows a large, irregularly enhanc-
ing mass which extends into the
liver along the course of the major
bile ducts. There is moderate in-
trahepatic biliary dilatation.

b Following successful bilobar in-
ternal-external biliary drainage,
the lower ends of the drains are
almost surrounded by tumour
which has invaded the duodenal
wall (asterisks). A little oral con-
trast has extravasated from the
duodenum (open arrow). ¢ PTC
confirms that there is a large lobu-
lated tumour in the common bile
duct with intraductal spread in-
volving both right (arrow) and left
(arrowhead) lobes

Case 4

A 6-year-old Chinese boy presented with a 4-week history of jaun-
dice and abdominal distension. CT (Fig.4a,b) revealed a 6-cm
mass centred on the common bile duct, with mild left lobe intrahe-
patic biliary dilatation. Percutaneous core needle biopsy showed
embryonal RMS. External biliary drainage was performed. An
MRI study, undertaken after the biliary drainage (Fig.4c-f), con-
firmed the location of the mass and showed extension into the left
hepatic duct. He has been treated with chemotherapy (initially vin-
cristine, actinomycin D, cyclophosphamide, etoposide and ifosfa-
mide, and later cisplatin and doxorubicin) and external beam
radiotherapy, with moderate reduction in tumour size. He is cur-
rently being reassessed for surgery, 1 year after diagnosis.

Discussion

Hepatobiliary embryonal or botryoid RMS is a disease
of young children, occurring at a median age of about
3 years [3, 21]. It is rare after the first decade [3]. There
may be a slight preponderance of male patients [3, 10,
12,21]. The tumour may arise in the liver or intrahepatic
ducts [9, 22] (Fig.3), an intrahepatic cyst [12], the gall-
bladder [14], the cystic duct [21], the extrahepatic bile
ducts [21] (Figs. 1, 2, 4), the ampulla [16, 23] or a chole-

dochal cyst [15]. Extension into the duodenum (Fig.2b)
is not uncommon [3]. Median diameter at diagnosis is
about 8 cm [3]. The most common clinical features are
jaundice and abdominal distension [3, 12]. Pain, nausea,
vomiting and fever are less frequent [3, 12, 21].

Differential diagnosis

When a tumour of the bile ducts is discovered in a child,
the diagnosis of RMS is very likely [1, 2]; other possible
lesions, such as inflammatory pseudotumour [24] and
cholangiocarcinoma arising in a choledochal cyst [25,
26], are extremely rare. The diagnosis is more difficult
if a hepatic lesion shows no intraductal growth pattern.
In the first year of life RMS is much less common than
haemangioendothelioma, hepatoblastoma and mesen-
chymal hamartoma [2]. Of these conditions, haemangio-
endothelioma has typical clinical and radiological
features [27] and mesenchymal hamartoma usually has
a distinctive multicystic appearance on cross-sectional
imaging [28]. Later in childhood, hepatoblastoma, hepa-
tocellular carcinoma (HCC) and undifferentiated (em-
bryonal) sarcoma must also be considered [2, 13]. The
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age of the child, the presence of conditions which are as-
sociated with HCC, and the serum alpha-fetoprotein
(AFP) level may be helpful, since there are no pathog-
nomonic imaging features of hepatic RMS [5]. AFP is
elevated in almost all patients with hepatoblastoma
and in most with HCC [29], but not in those with RMS.

Resectability

Although biliary RMS typically grows along the bile
ducts into both lobes of the liver (Figs. 1, 2), aggressive
resection with biliary reconstruction may still be possi-
ble [11, 12, 16], and involvement of both left and right
hepatic ducts need not be a contraindication to surgery.
This is because the tumour may remain localised to the
bile ducts, and also because complete excision may not
be a prerequisite for long-term survival [3, 11, 30]. In In-
tergroup Rhabdomyosarcoma Studies I and II, five of
the ten patients with hepatobiliary RMS had macro-
scopic residual tumour following surgery (clinical group
III). Of these, four were alive at the time of reporting,
having survived 28-351 weeks after diagnosis [3]. (It
should be noted that hepatobiliary RMS has recurred
as late as 9 years after therapy [10].)

Operability is therefore a different concept for bili-
ary RMS than for malignant liver tumours [11, 12], in
which complete excision is probably essential. The
main purposes of preoperative radiology are to provide
the surgeon with a map of the extent of the ductal tu-
mour [12] and to allow assessment of response to thera-
py- It is not clear which imaging modality is best for this
and what degree of accuracy can be achieved.

Imaging modalities

US typically reveals biliary dilatation [5, 10, 14, 16—
18] and an intraductal mass [5, 10, 14, 17, 18] (Fig.la).
Although the portal vein may be displaced by a large
tumour, portal vein thrombosis has not been de-

Fig.3 a Colour Doppler imaging shows a huge liver mass of mixed
echogenicity with numerous pathological vessels which show low-
resistance flow. b Sequential images from a dynamic contrast-en-
hanced CT study show a mass of predominantly low attenuation
with progressive but incomplete globular enhancement. No specif-
ic features suggest RMS. Numerous small arteries are shown with-
in the tumour (arrow). ¢ On the transverse T2-weighted MRI, the
peripheral parts of the mass show much higher signal intensity
than normal liver and there are central areas of very high signal
(asterisk) which may reflect necrosis. d,e Transverse T1-weighted
MRI before d and after e intravenous contrast show a similar en-
hancement pattern to the CT. Non-enhancing areas correspond to
the regions of very high signal on T2-weighted images. f Techne-
tium-99m-labeled red cell scan (anterior view) shows a huge pho-
topenic mass. (H = heart)

scribed [10]. Larger masses may have fluid (“cystic”)
areas within them [13, 16], possibly reflecting tumour
necrosis. When the tumour arises in the liver, there
may be no distinguishing US features. Colour Dop-
pler imaging in one of our patients showed numerous
abnormal tumour arteries with low resistive index
(Fig.3a).

CT may also show an intraductal mass (Fig.1b) with
or without biliary dilatation (Fig.2a). Hypodense and
heterogeneous attenuation patterns (Figs. 1b, 3b, 4a)
have been described [10]. Several reports mention the
presence of low attenuation areas within the tumour [9,
13, 15, 16] (Fig.3b). Enhancement with intravenous
contrast medium [9] and the administration of cholangi-
ographic contrast medium [17] have been used to show
the lesion more clearly. There is no consistent pattern
of contrast enhancement. The tumours in our patients
showed four different patterns: strong heterogeneous
(Fig.2a), incomplete globular (Fig.3b), mild (Fig.4b)
and none (Fig.1b).

MRI (Figs. 1c,d, 3c—e, 4c—e) offers several advan-
tages in the evaluation of hepatobiliary tumours [31].
These include excellent contrast, multiplanar imaging
and accurate assessment of the number and extent of le-
sions and, in particular, their relationship to the hepatic
vasculature. In our cases the tumours showed predomi-
nantly low signal intensity on T1-weighted images with
intense but inhomogeneous contrast enhancement
(Figs. 3d,e, 4d). On T2-weighted images the tumours
were moderately or markedly hyperintense (Figs. 3c,
4e). MR cholangiography (MRC) is a promising tool
for evaluation of the major bile ducts in children [32].
Bile duct dilatation and irregularity are well demon-
strated (Fig.4f).

The typical finding at PTC is the presence of exten-
sive, often bizarre, filling defects corresponding to duc-
tal tumour [9, 18] (Figs. le, 2c), with or without
obstruction of the extrahepatic bile ducts. Despite
claims to the contrary [12], PTC can be performed in
cases of RMS without biliary dilatation, either by blind
fine-needle puncture of an intrahepatic bile duct [33,
34], or by ultrasound-guided transhepatic puncture of
the gallbladder [17, 33]. Endoscopic retrograde cholang-
1ography can be performed in infants and small children
[35, 36]. It offers certain advantages over PTC, particu-
larly if there is a coagulopathy, but is unlikely to be bet-
ter than PTC at defining the degree of intraductal
extension. If there is obstructive jaundice, PTC is likely
to be better because adequate biliary drainage can be
achieved whether or not the obstruction can be crossed
with a catheter. This is extremely important if neoadju-
vant chemotherapy is to be used, since the regimen
may include drugs which depend largely on a hepatobil-
iary mechanism of excretion, such as vincristine and per-
haps doxorubicin [37]. PTC also allows other
interventional procedures to be performed after access
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Fig.4 a Non-contrast CT shows
a low attenuation mass, appar-
ently arising from the extrahe-
patic bile ducts. b There is only
mild enhancement with intra-
venous contrast. ¢ Transverse
T1-weighted MRI shows areas
of high intensity within the tu-
mour. These could represent
small foci of haemorrhage or
proteinaceous fluid. d Follow-
ing intravenous contrast medi-
um, an image at a slightly more
caudal level shows marked het-
erogeneous enhancement.

e Fat-suppressed T2-weighted
MRI shows an external biliary
drain in the mildly dilated left
hepatic duct (arrow). The tu-
mour (open arrows) surrounds
the dilated lumen of the com-
mon hepatic duct. f MR cho-
langiogram shows dilated left
hepatic, common hepatic and
common bile ducts. The right
hepatic duct is not well shown
because it is of approximately
normal calibre. The irregularity
of the common bile duct (long
arrows) indicates the presence
of tumour. The irregular con-
tour of the left hepatic duct
(short arrow) could also be re-
lated to the presence of the ex-
ternal biliary drain. g Oblique
US image taken after

10 months of therapy shows
dilatation of the common he-
patic duct and a decrease in the
size of the tumour (arrows).
Contrast-enhanced CT also
showed the interval change in
tumour size well

to the bile ducts has been obtained. Operative cholan-
giography [1, 11, 14, 16, 20] may be helpful in planning
the surgical approach.

Nuclear medicine techniques are sometimes helpful
in the characterisation of liver masses [38]. One report
of the use of technetium-99 m sulphur colloid describes
hepatobiliary RMS as a photopenic lesion [13]. One of
our patients underwent technetium-99m labelled red
blood cell scintigraphy, also showing a photopenic mass
(Fig.3f). Miller and Greenspan [13] describe uptake of
gallium-67 in a hepatobiliary RMS. Although this may
not be helpful in the differential diagnosis, tumour-seek-
ing radionuclides such as gallium-67 [39] or thallium-201
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[40] can be used in the assessment of metastatic disease
and for surveillance following therapy.

Extrahepatic disease

The most frequent site of metastatic disease is the liver
[3, 21]. The presence of extrahepatic metastatic disease
indicates a poor prognosis [3], and may lead to a change
of therapeutic plan. CT of the chest should be perform-
ed at diagnosis, since lung metastases are not uncom-
mon [3, 21]. Metastases are also found with some
frequency on peritoneal surfaces, including the omen-
tum, mesentery and diaphragm, and in lymph nodes
and bone [3, 21]. It is reasonable to perform bone scin-
tigraphy at diagnosis.

Imaging strategy at diagnosis

At least one cross-sectional imaging technique will be
required. The best single modality is CT, which can cov-
er the chest, abdomen and pelvis in one examination. If
availability and financial considerations permit, MRI
with MRC may be helpful (Fig.1c¢), although there is
no evidence that this is cost-effective. Gallium or thalli-
um scintigraphy (with or without bone scintigraphy)
could also be performed to assess for metastatic disease
and to allow follow-up of gallium- or thallium-avid tu-
mours.

Response to neoadjuvant chemotherapy

Unlike hepatoblastoma and HCC, there are no practical
markers for RMS in the blood, and therapeutic response
must be judged on the basis of imaging findings. Since
the aim of preoperative chemotherapy is to maximise
the probability of successful surgery, regular follow-up
imaging is desirable to assess change in size of the tu-
mour. US is useful for this purpose (Fig.4g) and may
be repeated frequently [10]. Cholangiography is conve-
niently performed if there is an external or internal-ex-
ternal biliary drain. Detailed imaging, including a

reassessment of ductal extension and evaluation for
metastatic disease, will be required immediately before
surgery.

Surveillance imaging following surgery

The aim of follow-up imaging is to monitor any residual
disease and to detect recurrence and metastasis. It is not
clear that this is an effective policy, but it is customary in
most centres. The issue of which imaging modality to
use has been specifically addressed by Geoffray et al.
[10], who concluded that the presence of bowel gas at
the porta hepatis or a hepatectomy defect made CT su-
perior to US following surgery. All eight of their pati-
ents suffered a recurrence; two of these presented as
septated fluid collections. The use of MRI in follow-up
imaging has not been reported. Surveillance imaging
may be appropriate for many years after treatment in
view of the possibility of late recurrence [10].

Conclusion

Diagnostic imaging in hepatobiliary RMS is directed at
the assessment of the extent of the tumour within the
liver (and especially along the intrahepatic bile ducts),
regional spread and distant metastases. Conventional
definitions of resectability are not appropriate in hepa-
tobiliary RMS, since aggressive surgery with biliary re-
construction may be possible and incomplete resection
is compatible with long-term survival. A careful search
for extrahepatic disease is required since distant me-
tastases imply a poor prognosis. The best single cross-
sectional imaging modality at diagnosis is CT, but MRI
provides multiplanar images and MRC is feasible. PTC
and biliary drainage may be required when there is ob-
structive jaundice.

US may be the best technique to assess response to
preoperative chemotherapy. Repeat cholangiography is
simple if there is an external biliary drain. CT may be
the best technique for surveillance following surgery.
Gallium or thallium scintigraphy may also be useful.
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