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Abstract: Undifferentiated embryonal sarcoma of the liver (UESL) is an aggressive 
malignancy that most commonly affects the pediatric age group. This tumor very 
rarely occurs in adults and, in such instances, can pose a considerable diagnostic 
challenge for the clinicians, radiologists, and pathologists involved. The clinical 
presentation is most often non-specific, and the radiology shows a solid and cystic 
liver mass which has a considerable differential on imaging. Especially in adult 
patients, UESL is a diagnosis of exclusion meaning that all other diagnostic pos-
sibilities must be excluded before the diagnosis of UESL can be confidently made. 
From a pathology perspective, this means careful examination of the histology 
along with a comprehensive panel of immunohistochemistry for almost all cases 
of newly diagnosed UESL. The prognosis of UESL used to be dismal, but with 
advances in treatment and the introduction of a multimodality approach, there 
has been considerable progress in improving outcomes and survival for patients 
with this aggressive tumor. This chapter outlines the clinical, radiological, and 
pathological features of UESL. An in-depth discussion is undertaken to describe 
the diagnostic approach and the differential diagnosis for this rare and challenging 
tumor.
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INTRODUCTION

Undifferentiated embryonal sarcoma of the liver (UESL) is a rare hepatic mesen-
chymal tumor that occurs predominately in children (1, 2). This tumor is most 
common between the ages of 6 and 10 (1). It is an aggressive tumor that has sig-
nificant metastatic potential. Around 60 cases have been reported in adults since 
this pediatric tumor was first described. The average age for these adult cases was 
24 years and the oldest was 84 years of age (3). Because of the limited tissue 
encountered on biopsy specimens of adult patients, undifferentiated embryonal 
sarcomas can pose a considerable diagnostic conundrum. Extensive immunohis-
tochemical work-up along with correlation with all available clinical and radio-
logical findings is usually required before a firm diagnosis of UESL can be made. 
The diagnosis of an undifferentiated embryonal sarcoma is best considered a 
diagnosis of exclusion in adult patients since the primary purpose of ancillary 
testing is to exclude all other possibilities (4–6). Timely detection and surgical 
resection along with neoadjuvant therapy are essential in achieving favorable 
outcomes (1, 2). In pediatric patients, the 5-year survival is around 86%, with 
surgical resection being the most important aspect of treatment (1, 3). 

CLINICAL PRESENTATION

UESL is a rare liver mesenchymal neoplasm that most often occurs in children 
between 6 and 10 years of age (1). UESL is the third most common primary liver 
malignancy in children after hepatoblastoma and hepatocellular carcinoma (1, 7). 
This tumor has been reported in adults, but these cases are exceptionally rare (3). 
UESL most commonly occurs in the right lobe of the liver with many patients 
being asymptomatic for considerable periods of time (3). Those patients who are 
symptomatic may present with non-specific features such as nausea, vomiting, 
weight loss, fever, and abdominal pain and distention (1, 2). Serology in most 
patients is usually negative but in a minority of cases, elevated liver enzymes, alpha 
fetoprotein, and erythrocyte sedimentation rates have been encountered (1, 2). 

RADIOLOGY

Imaging will demonstrate a heterogeneous liver mass with solid and cystic 
areas (8). There are usually no specific imaging features that can help suggest an 
undifferentiated embryonal sarcoma (2). On ultrasound, the tumor may appear 
more solid than cystic because of its high water content (7). On CT, UESL will be 
a hypodense solid and cystic mass (Figure 1A) (2). On MRI, the cysts within the 
mass may show multiple fluid-fluid levels (Figure1B) (9). Due to their cystic char-
acter radiologically, UESLs have been known to be mistaken for benign cystic 
entities such as biliary cystadenomas, hydatid cyst disease, or venolymphatic mal-
formations (2, 8, 9). In fact, the radiological appearance of USEL can be quite 
misleading to a point where delays in diagnosis or even the initiation of the wrong 
treatment have occurred (4, 10).
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GROSS FEATURES

Hepatic resection specimens show masses most commonly located in the right 
lobe of the liver. Many of these tumors are quite large by the time surgical interven-
tion is undertaken. The tumor commonly has a pseudocapsule and due to its large 
size, compresses the adjacent normal liver parenchyma. The tumor itself has a 
variegated appearance showing cystic and solid areas that have gelatinous, hemor-
rhagic, and/or necrotic features (Figure 2) (2, 3, 7). Tumors that have been large 
enough to rupture through the liver capsule have also been encountered (11–13).

HISTOLOGY

USEL is made of high-grade undifferentiated cells with varying degrees of spin-
dling and myxoid change. Like its gross appearance, this tumor is commonly 
heterogeneous histologically, and the morphology will vary considerably depend-
ing on the area of examination. Some areas may appear to be composed of a rela-
tively uniform sheet of undifferentiated cells while other areas demonstrate wildly 
pleomorphic anaplastic cells, some with multinucleation and a myxosarcomatous 
background (Figure 3A). Due to its high-grade nature, considerable areas of 
necrosis are found in the majority of cases and abundant mitoses are easily identi-
fied (Figures 3B) (2–4, 6, 7, 14). Areas of cystic change can often be seen histo-
logically (Figure 3C), which corresponds to this tumor’s cystic appearance on 
both gross and radiology. Despite the presence of a pseudocapsule, cords of nor-
mal hepatocytes and bile ducts are commonly entrapped along the periphery of 
this tumor (Figure 3D) (2). Periodic acid-Schiff positive diastase (PASD)-resistant 
eosinophilic globules are often seen in the tumor stroma or within the cytoplasm 
of some of the tumor cells (Figures 3E and F) (2, 3, 6). Around half of UESLs will 
have areas of extramedullary hematopoiesis (14) and an extremely rare case with 
osteoid formation has been reported (13). 

Figure 1.  Radiology of undifferentiated embryonal sarcoma of the liver (UESL). A. An arterial 
phase contrast-enhanced computed tomography from a young adult male with UESL. It 
demonstrates a large hypodense mass in the right lobe of the liver. B. Magnetic resonance 
image showing a large mass in right lobe of the liver with heterogenous and cystic features 
along with fluid-fluid levels.
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IMMUNOHISTOCHEMISTRY

There is no immunohistochemistry that is specific for UESL. In fact, the key role 
of immunohistochemistry is to rule out other possible tumors in the differential 
(2–4). Variable expression of actin, vimentin, CD68, BCL-2, desmin, and CD10 is 
commonly seen in UESLs (Figures 4A and B). Alpha-1-antitrypsin and 
alpha-1-antichymotrypsin positivity within the eosinophilic globules is com-
monly encountered (Figure 4C). (2–4, 7). Weak cytokeratin staining has also been 
reported, and a minority of UESLs have positivity for glypican 3 and nuclear posi-
tivity for CD117. As a result, glypican 3 should not be used on its own to rule out 
a hepatoblastoma and hepatocellular carcinoma. Rather glypican 3 should be 
deployed in a panel of stains and interpreted in conjunction with more reliable 
markers such as HepPAR1 and β-catenin. UESLs are usually negative for S100, 
MART1, myogenin, ALK-1, Beta-catenin, and HepPar1 (2–4, 7).

ELECTRON MICROSCOPY

Ultrastructually, USELs show electron-dense deposits in lysosomes and dilated 
rough endoplasmic reticulum. The lysosomal electron-dense deposits represent 

Figure 2.  Gross features of undifferentiated embryonal sarcoma of the liver (USEL). This gross 
photograph of a UESL shows a variegated gelatinous liver mass with a lobulated architecture 
and areas of necrosis and hemorrhage. This case also shows the tumor rupturing through 
the capsule of the liver. 
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Figure 3.  Histological features of undifferentiated embryonal sarcoma of the liver. A. High-grade 
myxomatous areas with considerable pleomorphism and an atypical mitotic figure. 
B. Hemorrhagic area with abundant tumor necrosis. C. Hemorrhagic area with cystic change. 
D. Benign bile duct along with cords and nests of normal hepatocytes entrapped at the 
periphery of the tumor. Tumor pseudocapsule at the right bottom corner of the image. 
E. High-grade myxomatous area with PASD-resistant eosinophilic hyaline globules. F. Tumor 
cells with PASD-resistant eosinophilic hyaline globules.

the PASD-resistant eosinophilic globules seen histologically (2, 6, 15, 16). Some 
tumors in adults demonstrated myofilaments and intermediate filaments, suggest-
ing smooth muscle differentiation (17). Lipoblastic differentiation has also been 
reported due to the presence of fat droplets (2, 15).



Huang J170

MOLECULAR FINDINGS

The pathogenesis of undifferentiated embryonal sarcoma of the liver is unclear. 
Molecular and cytogenetic aberrations found in some UESLs include alterations in 
p53 tumor suppressor gene leading to inactivation, and translocation t(11;19)
(q11;q13.3/13.4) and add(19)(q13.4). The break-apart site for the t(11;19) was 
on the MALAT1 gene and this same translocation has been detected in some mes-
enchymal hamartomas. In addition, some undifferentiated embryonal sarcomas 
have areas that histologically resemble mesenchymal hamartomas which supports 
the belief that these two tumors are related. Areas that resemble mesenchymal 
hamartoma have also been reported in adult patients (18). As a result, it is believed 
that mesenchymal hamartomas could possibly be the precursor for some undif-
ferentiated embryonal sarcomas (2–4, 10, 19).

PROGNOSIS AND TREATMENT

UESL is predominately a pediatric tumor, and thus the literature about prognosis 
is predominantly based on data from pediatric patients. Historically, this tumor 

Figure 4.  Immunohistochemistry (IHC) of undifferentiated embryonal sarcoma of the liver. 
A. Strong diffuse positivity for Vimentin IHC. B. Variable positivity for Desmin IHC. 
C. Positivity for Alpha 1-Antitrypsin IHC.
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had an abysmal outlook before a multimodality treatment approach was insti-
tuted. Nowadays, the 5-year overall survival for children is around 86% (1). 

Surgical resection is the most important factor in the treatment of these 
patients. As with most tumors, the aim of such surgeries is to obtain negative 
margins although positive margins in some studies have not been shown to have 
considerable effect on outcome. This unexpected finding may be due to chemo-
therapy eradicating any residual tumor left. In addition, due to the rarity of this 
tumor, further data in the future will likely give a clearer picture concerning the 
impact of margin status (1). 

Nowadays, chemotherapy is commonly used in combination with surgery in 
treating UESLs and this approach has been recognized as being a major factor in 
improving patient outcomes. The chemotherapy regimen used may vary between 
institutions and oncologists since a standardized approach has yet to be agreed 
upon (1, 4). In addition, a minority of patients had radiation treatment in the 
metastatic setting or in an attempt to prevent tumor recurrence. However, 
the effectiveness of radiotherapy is not clear at this time and more studies will be 
needed before a consensus can be reached (1). In patients with unresectable 
tumors, orthotopic liver transplant has been used and may be of benefit in certain 
situations. However, the data on orthotopic liver transplant as a treatment is 
limited (1, 3, 4, 10, 20).

In summary, advances in surgery and the introduction of various chemother-
apy regimens have been essential in achieving favorable outcomes for UESLs. 
These favorable outcomes currently apply to pediatric patients because there are 
not enough adult cases currently to make firm statistical conclusions. The rarity 
of this tumor means that there are still considerable limitations to our understand-
ing of how to treat this tumor and further research in the future will be needed as 
more cases are accrued (1, 4).

DIFFERENTIAL DIAGNOSIS

Mesenchymal hamartoma is a benign mesenchymal liver tumor that predomi-
nately occurs within the first 5 years of life. This benign tumor has been known to 
occur in adults, but such cases are rare (21). The clinical presentation is usually 
an enlarging abdominal mass and depending on the size at presentation, the 
patient may have symptoms secondary to mass effect. Radiology usually shows a 
mass with solid and/or cystic features. Depending on the time of detection, the 
tumor can range considerably in size, with some cases reported measuring 30 cm 
(21). Pathology classically shows a bland myxoid background with cystic areas. 
Interspersed within this myxoid stromal element are blood vessels and bile ducts 
in a disorganized pattern. Islands or cords of normal appearing hepatocytes are 
usually present along the circumference of the tumor. Most cases will have areas 
of extramedullary hematopoiesis (21). Unlike a UESL, there are no worrisome 
histological features such as atypia, pleomorphism, atypical mitoses, or necrosis 
(21, 22). As mentioned earlier, mesenchymal hamartomas rarely undergo malig-
nant degeneration into an UESL. There is considerable histological and molecular 
evidence that mesenchymal hamartomas and undifferentiated embryonal sarco-
mas are related and share certain pathways in their pathogenesis (21–23). 
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Hepatoblastoma is a common differential (Table 1) especially in infants and 
children less than 5 years of age. Under the microscope, hepatoblastoma often 
looks like normal liver parenchyma in varying stages of embryonic development 
(2, 24). Although there are different histological subtypes of hepatoblastomas, 
many will have areas that resemble hepatocytes. In addition, most hepatoblasto-
mas will not demonstrate the heterogeneous, myxoid, and/or pleomorphic 

TABLE 1	 Differential diagnosis for undifferentiated 
embryonal sarcoma of the liver

Tumor type
Clinical 
Presentation Histology Ancillary Testing

Hepatoblastoma Children under 5yo Usually resembles liver 
parenchyma in various 
stages of development. 
Tend to have a more 
uniform histology and 
less heterogeneity than 
UESL. 

HepPAR1, glypican 3, 
and β-catenin 
positive.

Hepatocellular 
carcinoma

Mean age of pediatric 
cases around 11yo

Malignant polygonal 
hepatocytes in various 
patterns histologically. 
Mallory hyaline and 
intracellular bile may be 
present. Fibrolamellar 
hepatocellular carcinoma 
is also a common 
subtype to be aware of. 

Keratins, glypican 3, 
and HepPAR1 
positive.

Alveolar and 
embryonal 
rhabdomyosarcoma

Pediatric or 
adolescents

Usually a small round blue 
cell tumor. Certain 
subtypes can appear 
spindled or myxoid. 

Desmin, myogenin and 
myoD1 positive. 
Most alveolar RMSs 
will show PAX3-
FOXO1 or PAX7-
FOXO1 fusion.

Gastrointestinal 
stromal tumors

Most commonly in 
adults (median 
age 65yo), but can 
occur in children

Most common is spindled 
morphology in a 
fascicular pattern but 
can appear epithelioid or 
mixed. 

DOG1, CD117 
positive. The vast 
majority of GISTs 
will also show c-kit, 
PDGFRA, or SDH 
mutations.

Melanoma Most commonly in 
adults. Very rare 
to be a primary 
liver tumor.

Can have a variety of 
histological appearances. 
Spindled, epithelioid, or 
even small round blue 
cells. Some cases will 
have melanin pigment in 
the tumor cells, greatly 
aiding in identification.

S100, HMB45, 
MART1, SOX10 
positive.

Table continued on following page
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TABLE 1	 Differential diagnosis for undifferentiated 
embryonal sarcoma of the liver (Continued)

Tumor type
Clinical 
Presentation Histology Ancillary Testing

Perivascular 
epithelioid cell 
tumor

Usually in adult 
patients

Spindle to epithelioid cells 
with prominent blood 
vessels and sometimes 
fat. 

HMB45, Actin, MART1 
positive. Less often 
desmin and S100 
positive.

Angiosarcoma Usually in older 
adults

Infiltrative atypical 
spindle cells usually 
with a vasoformative 
architecture. 

CD31, CD34, ERG, 
D240, Fli-1 
positive.

Leiomyosarcoma Usually in older 
adults

Compact spindle cell 
proliferation in a 
fascicular pattern and 
commonly with an 
eosinophilic cytoplasm 
reminiscent of normal 
smooth muscle. 
Depending on grade, 
varying degrees of 
cytological atypia, 
mitotic activity, and/or 
necrosis are present.

Desmin, Actin, 
Caldesmon 
positive.

Undifferentiated 
pleomorphic 
sarcoma, 
myxofibrosarcoma, 
dedifferentiated 
liposarcoma

Predominately in 
older adults. 
These are soft 
tissue sarcomas 
that hardly ever 
occur as a primary 
liver tumor. 

High-grade pleomorphic 
malignancy with 
abundant mitotic activity 
and necrosis. Variable 
myxoid change present. 

Dedifferentiated 
liposarcoma 
is MDM2 IHC 
positive and MDM2 
FISH amplified. 
Correlation with 
clinical-radiological 
findings are 
essential in ruling 
out a metastasis 
from a primary soft 
tissue sarcoma.

histology seen in undifferentiated embryonal sarcomas of the liver. Also, some 
hepatoblastomas will have mesenchymal components with osteoid, chondroid, 
teratoid, or rhabdomyoblastic differentiation. The presence of these components 
would strongly argue against an undifferentiated embryonal sarcoma. Although 
immunohistochemistry may vary depending on the histological subtype, most 
hepatoblastomas are positive for HepPAR1, glypican 3, and β-catenin (2). In most 
cases, morphological features should allow for proper distinction from an UESL, 
but an immunohistochemical panel maybe necessary in ambiguous cases (2, 24). 

Hepatocellular carcinoma (HCC) is the second most common primary malig-
nant liver tumor in the pediatric age group, with hepatoblastoma taking the top 
spot (Table 1). A considerable number of these pediatric HCC patients will have 
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predisposing factors such as alpha 1 antitrypsin deficiency, tyrosinemia, glycogen 
storage disorders, and chronic viral hepatitis (especially Hepatitis B). Most 
pediatric HCCs will morphologically resemble their adult counterparts (25). The 
fibrolamellar subtype of HCC is also commonly encountered, especially in young 
adults (26). The vast majority of HCCs in pediatric and adult patients will not 
have a sarcomatoid morphology (27) making histological distinction from UESL 
much easier. In addition, most HCCs will resemble hepatocytes to some degree 
and some HCCs will have Mallory hyaline and intracellular bile (2, 3). In addition, 
strong positive staining for glypican 3 and especially HepPAR1 should greatly 
assist in identifying an HCC in challenging cases (2, 3). As stated previously in the 
immunohistochemistry section, a minority of USELs will be positive for glypican 
3 IHC. 

Rhabdomyosarcoma is in the differential, especially in pediatric patients. 
Embryonal rhabdomyosarcomas tend to affect a young age group with around 
60% of cases occurring before the age of 6 (28, 29). Alveolar rhabdomyosarcoma 
tends to have an older age onset, affecting children and adolescents with around 
half of cases occurring after 10 years of age (28, 29). A large portion of rhabdo-
myosarcomas will present as a small round blue cell tumor that has fairly uniform 
histology. A minority of cases will demonstrate anaplastic cellular features and 
show considerable nuclear pleomorphism. In addition, variants of embryonal 
rhabdomyosarcoma can have a myxoid background. In general, the vast majority 
of rhabdomyosarcomas will not demonstrate the histological heterogeneity of an 
undifferentiated embryonal sarcoma of the liver. Furthermore, rhabdomyosarco-
mas are strongly desmin-positive and will also be positive for one or both skeletal 
muscle markers (myogenin and MyoD1). An UESL may show variable desmin-
positivity but will not be positive for myogenin or MyoD1. In addition, the major-
ity of alveolar rhabdomyosarcomas will have the PAX3-FOXO1 or PAX7-FOXO1 
fusion which is not found in UESLs (30, 31).

Gastrointestinal stromal tumors (GISTs) most often occur in adults (32) and 
are usually easily identified because of their histology and positivity for CD117 
and DOG1 IHC. GISTs primary to the liver are quite rare (33) when compared to 
their much more common counterparts in the digestive tract (28). Since GISTs 
have a well-known propensity to spread to the liver, most GISTs encountered on 
a liver biopsy will be a metastatic deposit (34, 35). Most cases of GIST will be the 
spindle cell type, composed histologically of a relatively uniform sheet of spindle 
cells. A minority of GISTs will be of the epithelioid cell type which can appear 
morphologically epithelioid, sclerosing, or sarcomatous. A minority of GISTs will 
be of the mixed type, meaning that epithelioid and spindle cells are both present 
within the same tumor (34, 36, 37). Immunohistochemistry for CD117 and 
DOG1 will, in most cases, resolve any diagnostic dilemma (2, 38). Very rarely will 
a GIST be negative for both DOG1 and CD117. Molecular testing for GIST muta-
tions (c-kit, PDGFRA, SDH) may need to be undertaken in cases where GIST is 
still suspected but the IHC is non-contributory. 

Melanoma is well known to be a great mimicker of any tumor histologically. 
Primary melanoma of the liver is quite rare, with metastatic melanoma being by 
far more common (39). When dealing with most sarcomatous appearing lesions, 
the differential should always include melanoma and the appropriate immunohis-
tochemical stains should be done to exclude the possibility. S100 is a good stain 
to use when screening a sarcomatous lesion for the possibility of a 



Undifferentiated Embryonal Sarcoma of the Liver 175

melanoma  (3,  40, 41). Additional follow-up stains such as SOX10, MART-1, 
MITF, and HMB45 are often used in conjunction with S100 in cases that need 
further workup. It should be noted that before diagnosing melanoma in the liver, 
one should always consider the possibility of a perivascular epithelioid cell tumor 
(PECOMA), because PECOMAs can also be positive for S100, MART1, MITF, and 
HMB45. As a result, appropriate myoid markers such as smooth muscle actin and 
desmin along with detailed examination of the histology should allow for proper 
distinction between a PECOMA and a melanoma (42, 43).

OTHER SARCOMAS 

Myxofibrosarcoma or undifferentiated pleomorphic sarcoma (UPS) can have areas 
that closely resemble an undifferentiated embryonal sarcoma of the liver. However, 
myxofibrosarcomas and UPSs usually affect patients over 50 years of age and 
rarely occurs in children or young adults. In addition, the vast majority of these 
types of sarcomas occur in the soft tissue and do not present as a primary liver 
mass. Clinical presentation, age, past medical history of sarcomas, and adequate 
radiology are essential in ruling out a soft tissue sarcoma involving, extending, or 
metastasizing to the liver. Immunohistochemistry is of limited use in excluding a 
myxofibrosarcoma or UPS since these soft tissue sarcomas are usually negative for 
most immunohistochemistry and, like UESL, are diagnoses of exclusion (41).

Dedifferentiated liposarcomas are most commonly encountered as an intra-
abdominal/retroperitoneal mass. The histology can be quite varied, but an undif-
ferentiated pleomorphic sarcoma-like morphology is considered the classic 
histology. Similar to UPS, this tumor usually presents in older adults and clinical-
radiological investigations will often help to exclude this tumor as a diagnostic 
possibility. Dedifferentiated liposarcomas are MDM2 amplified and tests for 
MDM2 (that is, immunohistochemistry or fluorescent in situ hybridization) can 
be used in cases that require further work-up (44). 

Angiosarcomas and epithelioid hemangioendotheliomas are rare mesenchy-
mal tumors of the liver. Primary angiosarcomas of the liver usually occur in 
patients over 50 years of age while hemangioendotheliomas of the liver classically 
occurs in middle aged adults (45, 46). Most epithelioid hemangioendotheliomas 
(EHE) are easily recognized because of its myxochondroid matrix and the vacuo-
lated endothelial cells arranged in nests or cords (2). Malignant variants of EHEs 
more closely resemble angiosarcomas and have high-grade infiltrative spindle 
cells that vaguely try to form vessels. Many angiosarcomas will show vasoforma-
tive areas and are not as pleomorphic or myxoid as an UESL, making the distinc-
tion easy. In difficult cases or on limited biopsy material, a panel of vascular 
markers (CD31, CD34, D2–40, ERG, and FLI-1) would be of considerable 
assistance (3). 

Leiomyosarcomas are malignant tumors of smooth muscle. This tumor rarely 
occurs in the liver and the vast majority of primary liver cases happens in adults, 
mostly older adults. Most leiomyosarcomas in the liver will be a metastatic deposit 
from a primary elsewhere, so sufficient clinical-radiological information is 
essential. Leiomyosarcomas that are not high-grade are usually easily recognized 
histologically because of its close resemblance to normal smooth muscle. 



Huang J176

Higher-grade tumors can be more difficult to identify and, in such cases, immu-
nohistochemistry will be necessary. Positivity for actin, desmin, and caldesmon is 
usually sufficient to rule out other possibilities in the differential (3, 47). 

CONCLUSION

UESL is an aggressive malignancy that does occur in adults but is very rare. It 
presents clinically most often with non-specific symptoms of an abdominal mass 
with imaging features of a solid and cystic liver tumor. UESL is a diagnosis of 
exclusion in pathology, meaning that all other differentials must be reasonably 
excluded before a diagnosis of UESL can be confidently made. The pathogenesis 
and origin of UESL is unclear at this time, but molecular aberrations in p53 and 
translocation t(11;19) have been found. In terms of treatment, considerable prog-
ress has been made by implementing a multimodality approach which has led to 
much more favorable outcomes for this high-grade liver tumor.
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