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This review highlights two rare entities that are predominantly seen in children: hepatic mesenchymal
hamartoma (HMH) and undifferentiated embryonal sarcoma of the liver (UESL). HMH is a benign lesion
predominantly seen in the first 2 years of life, while UESL is malignant and usually identified in patients
between 6 and 10 years of age. UESL may arise in the background of HMH, and the association has been
supported by similar chromosomal aberrations (19q13.4). The diagnosis of both lesions is primarily based
on histologic evaluation, as the clinical and radiological features are not always typical. The clinicopatho-
logic characteristics, pathogenesis, differential diagnoses and treatment for both lesions are discussed.
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Hepatic mesenchymal hamartoma
Hepatic mesenchymal hamartoma (HMH) is the second most common benign liver tumor in children after
infantile hemangioma [1]. The lesion makes up 8% of all pediatric liver tumors, and 80% of the cases occur within
the first 2 years of life [2]. Prenatal and adult cases of HMH have also been described [3–6]. In pediatric series, HMH
shows a slight male predominance [7]. Meanwhile, adult HMH is more frequently seen in females [5].

Patients with HMH generally present with abdominal distention and/or upper abdominal mass [2,8]. The right
lobe of the liver is more frequently involved in the pediatric age group, whereas adults show a similar involvement
of both lobes [5]. The serum AFP levels are typically normal, although mild elevations are occasionally observed [1].
The lesion tends to increase in size during the first several months and subsequently may either stabilize, continue
to grow or regress [1].

Prenatal HMH is usually detected by ultrasound in the third trimester. These lesions have been associated with
polyhydramnios, fetal hydrops, intrauterine fetal demise and preterm labor [3,9]. In neonates, HMH may cause
life-threatening abdominal distension and respiratory distress [8].

Pathogenesis
Recurrent genetic alterations identified in HMH include androgenetic-biparental mosaicism (ABM) and chromo-
somal rearrangements which result in activation of chromosome 19q microRNA cluster (C19MC) [10]. ABM, as
seen in placental mesenchymal dysplasia and Beckwith-Wiedemann syndrome, is marked by paternal uniparental
disomy. Meanwhile, sporadic HMH lesions are frequently associated with a translocation involving MALAT1 gene
at chromosome 11q13 and C19MC gene at 19q13.4 [11]. CM19C is exclusively expressed in the placenta and
maternally imprinted. It encodes a cluster of 46 microRNAs from the paternal allele. In addition, El Demellawy
et al. recently described an atypical HMH with a tandem triplication of chromosomal segment at chromosome
1q44 [12].
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Figure 1. Pathologic findings of hepatic mesenchymal hamartoma. Hepatic mesenchymal hamartoma is
histologically characterized by (A) a multinodular growth of myxomatous mesenchymal stroma with intervening
fibrous septa (hematoxylin & eosin, 4×); (B) each nodule consists of a bland spindle cell proliferation with scattered
malformed bile ducts (hematoxylin & eosin, 10×). (C) Some of the nodules demonstrate a florid bile duct proliferation
with scattered lymphocytic infiltrate (hematoxylin & eosin, 10×). (D) Entrapped island of hepatocytes (arrow) is
occasionally identified in the periphery of the lesion (hematoxylin & eosin, 10×).

Radiologic findings
The classic appearance of HMH on ultrasound is a complex cystic mass with internal septations; the cystic portions
are anechoic or nearly anechoic with echogenic septa [13,14]. On CT and MRI, HMH demonstrates a complex
cystic mass with septal and solid stromal enhancement. On MRI, high signal intensity of cystic components
on T2-weighted images, with variable intensity on T1-weighted images is observed for the proteinaceous cyst
fluid [13,14].

Pathologic findings
HMH may be pedunculated and its size varies greatly, ranging from a few centimeters up to greater than 30 cm [2].
Although typically regarded as a solitary lesion, multifocal cases with satellite nodules have been reported [7,8,15]. The
cut surface shows solid and cystic components in varying proportions; these cystic structures do not communicate
directly with the biliary tree and contain yellowish fluid with occasional gelatinous material. Significant necrosis or
calcification is not commonly seen [8].

Histologically, HMH is characterized by a lobular growth of myxomatous connective tissue containing scattered
bland stellate-shaped mesenchymal cells (Figure 1A). Branching bile ducts similar to ductal plate malformation
are also present (Figure 1B & C). Cystic degeneration and extramedullary hematopoiesis are occasionally seen; the
larger cystic structures are usually not lined by epithelium (pseudocysts). Entrapped hepatocytes are often identified
in the periphery of the lesion (Figure 1D). Wu et al. argued that the intralesional hepatocytes are most likely to
be derived from common progenitor cells and are a component of HMH rather than entrapped nonneoplastic
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hepatocytes [16]. The unusual presence of immature hepatocytes with extensive steatosis has also been reported [12].
Meanwhile, osseous metaplasia has been described in a case of recurrent HMH [17]. Atypical mitoses and infiltrative
growth pattern are not identified in HMH [2].

Diagnosis of HMH is generally made on the basis of hematoxylin and eosin alone. Immunohistochemical stains
may be utilized to exclude other diagnostic considerations; the biliary epithelium and entrapped hepatocytes in
HMH are immunoreactive for cytokeratin, while the pseudocysts and mesenchymal cells are positive for vimentin [2].
Additionally, the mesenchymal cells can be immunoreactive to smooth muscle actin, α-1-antitrypsin and desmin [8].
Fine needle aspirations are of limited value. The cytologic findings of HMH include clusters of cuboidal epithelial
cells, spindle stromal cells, hepatocytes and loose fragments of myxoid connective tissue; however, it is difficult to
exclude other entities such as hepatoblastoma and malignant mesenchymal neoplasms on a limited sample [8].

Differential diagnosis
The radiologic diagnostic considerations include hepatic lesions with varying amounts of solid and cystic com-
ponents, such as hepatoblastoma, undifferentiated embryonal sarcoma of the liver (UESL), hemangioma, biliary
cystadenoma, teratoma and hepatic hydatid cyst [2,8]. Histologically, HMH should be distinguished from mixed
epithelial-mesenchymal hepatoblastoma and UESL [2].

Syndromic associations
Beckwith-Wiedemann syndrome (BWS), an overgrowth syndrome due to abnormal regulation of genes involving
chromosome 11p15 and characterized by macroglossia, abdominal wall defects, ear abnormalities and hemihy-
pertrophy, is associated with an increased risk for embryonic tumors [18]. The most frequent tumors seen in
BWS patients include Wilms tumor and hepatoblastoma. Rare cases of HMH in the setting of BWS have been
reported [19,20]. In the setting of increased serum AFP levels, the lesions may be mistaken for hepatoblastoma.

The association between HMH and DICER1 syndrome was recently described by Apellaniz-Ruiz et al. [21].
DICER1 syndrome is a tumor predisposition syndrome characterized by several dysontogenetic cystic conditions,
such as pleuropulmonary blastoma and cystic nephroma [22]. DICER1 mutations dysregulate microRNAs mimicking
the effect of C19MC activation [21]. However, the pathologic diagnosis of the lesions in this initial report was
questioned, as the features described were not fully representative of HMH [21,23]. It is possible that these lesions
represent a distinct hepatic manifestation of DICER1 mutations.

Association with other lesions
Placental mesenchymal dysplasia is characterized by stem villous cystic dilation, placentomegaly and vascular
abnormalities [24]. The association between HMH and placental mesenchymal dysplasia was initially described by
Alwaidh et al. [25]. Both entities share ABM as an underlying mechanism; paternal uniparental disomy results in
imbalanced expression of imprinted loci in androgenetic cells which may lead to abnormal tissue phenotypes [26].
Comorbidities of HMH and placental mesenchymal dysplasia have been associated with adverse fetal outcome.

The rare association between HMH and infantile hemangioma, the most common benign liver tumor in
children, has been reported in single case reports and small case series [27–29]. This uncommon occurrence should
be distinguished from HMH with prominent vascular components, as patients with hepatic infantile hemangioma
may benefit from beta-blocker treatment [8,28]. Histologically, infantile hemangioma is characterized by back-to-
back capillaries lined by plump, benign-appearing endothelial cells. The diagnosis of infantile hemangioma can be
confidently made on the basis of GLUT1-positive endothelial cells.

Malignant transformation
Reports of UESL and angiosarcoma arising in HMH have been well documented [30–35]. Clinical and histological
evidence has strongly suggested that UES can develop within a pre-existing HMH. Malignant transformation may
occur several years after an incomplete resection of the lesions [8]. Similar cytogenetic abnormalities have also been
identified in HMH and UESL [8,33,35,36]. In practice, it is important to sample different portions of HMH to rule
out area(s) of malignant transformation.

Treatment
Surgical resection is the mainstay treatment for HMH, although recurrence may occur in the setting of positive
resection margins [1,2,17]. Liver transplantation may be considered in unresectable cases [37,38]. Ultrasound-guided
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percutaneous cyst aspiration has been shown to improve the clinical course of prenatal cases [2,39]. Ultrasound-
guided intraoperative aspiration of cystic fluid may also facilitate surgical excision of HMH cases with massive
cystic components [40]. In asymptomatic patients, careful monitoring may be appropriate as a subset of HMH
lesions spontaneously regress [2].

Undifferentiated embryonal sarcoma
Undifferentiated embryonal sarcoma (UESL) is a rare tumor, with an estimated incidence of one case per million
people per year [41]. Despite the low overall incidence, UESL is the most common sarcoma and the third most
common hepatic malignancy in the pediatric population after hepatoblastoma and hepatocellular carcinoma
(HCC) [42,43]. Most cases of UESL are diagnosed in the first decade of life, between 6 and 10 years of age,
but several case reports have been described in adults and even elderly patients [36,41,44–48]. UESL shows no sex
predilection in children and a slight female predominance in adults [41,45].

The clinical presentation of UESL often includes abdominal pain, fever and hepatomegaly, and only few patients
are asymptomatic at diagnosis [44,45]. The lesion usually presents as a large (≥10 cm), solitary nodule in the
right liver lobe; multifocal disease and involvement of the left lobe are less frequent [36,41–45]. Extrahepatic spread
is observed in 5–15% of all the patients and common metastatic site include the lung, diaphragm, heart and
peritoneum [41,45,49–51]. Distant metastases are more common in adults than in pediatric patients [45]. There is no
known association between UESL and any tumor predisposition syndrome.

Pathogenesis
UESL derives from the mesenchyme, although a more precise histogenesis and its cell of origin are still to be
defined. The carcinogenic mechanisms of UESL are also unclear. Genome-wide molecular analyses in a large
cohort and/or experimental validation of putative molecular drivers are still lacking. Nevertheless, comparative
genomic hybridization (CGH) studies suggested a role for chromosomal instability and showed that copy number
alterations are common in UESL [52,53]. There were no copy number changes specific to UESL, which may suggest
some degree of intertumor heterogeneity; recurrent events which have been reported in UESL include gains in
chromosomes 1q, 5p, 6q and losses in chromosome 14, 9p and 11p [52,53].

UESL may also arise within HMH or demonstrate focal regions of HMH-like histology [54–56]. In such cases,
genomic rearrangements that are typical of HMH including add(19)(q13.4) and t(11;19)(q11;q13.3–13.4) are
also shared by the malignant (or more undifferentiated) regions of the tumor [54,56]. The findings suggest a
genetic continuum between these lesions, in other words, some cases of HMH may indeed undergo malignant
transformation into UESL. However, the absence of the HMH-associated genomic rearrangements in de novo
UESL and the differences in DNA ploidy between the HMH and UESL regions in some of the bi-phenotypic
tumors support additional molecular events being necessary for malignant transformation of HMH [52–54].

Specific point mutations have also been implicated in UESL development. Hu et al. and Lepreux et al. reported
mutations in the DNA-binding domain of the TP53 gene, but only few cases were analyzed [52,57]. Kim et al.
performed whole exome sequencing and in silico predictions in one UESL sample and suggested somatic mutations
in WDR25, CMTM1 and DNAH17, among others, as putative drivers in this cancer [58]. However, evaluation of
additional cases and experimental validation of some of these mutations is necessary.

Radiologic findings
On ultrasounds, UESL appear as a solid mass, predominantly hyperechoic, with focal anechoic, cystic portions.
Some cases may be predominantly anechoic (cystic), mimicking benign tumors [59–62]. Computed tomography (CT)
often shows a single, well-demarcated and predominantly hypoattenuated, cystic mass, with internal septations [63].
Presence of serpiginous vessels within tumors on CT scans of pediatric patients have been described as suggestive
of UESL [60,61]. Of note, the discrepancy between the cystic appearance on CT scans and solid appearance on
ultrasounds was also emphasized as a potential diagnostic clue for UESL [60,64,65]. Finally, on magnetic resonance
imaging (MRI), the lesion presents as a well-demarcated mass, hyperintense on T2 and hypointense on T1. MRI is
regarded as the preferred pre-operative exam due to its accuracy in detecting vascular invasion, biliary obstruction
and hilar adenopathy [66].
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Figure 2. Pathologic findings of undifferentiated embryonal sarcoma of the liver. Undifferentiated embryonal sarcoma of the liver
generally shows (A) hypercellular sheets of tumor cells (hematoxylin & eosin, 4×); (B) the neoplastic cells are highly pleomorphic with an
increased nuclear to cytoplasmic ratio and hyperchromatic nuclei; tumor giant cells (thick arrow) are frequently identified (hematoxylin &
eosin, 10×). (C) The lesional cells are focally elongated/spindled with a loose, myxoid stroma (hematoxylin & eosin, 10×). (D) Necrosis
(lower left) is occasionally seen (hematoxylin & eosin, 10×). (E) Mitotic figures (thick arrow) and apoptotic bodies (arrowheads) are readily
identified (hematoxylin & eosin, 20×). (F) Eosinophilic hyaline globules (thin arrow), which are PAS-positive and diastase-resistant, may be
observed in the neoplastic cell cytoplasm and extracellular matrix (hematoxylin & eosin, 20×).

Pathologic findings
Grossly, UESL typically presents as a large, spherical and well-demarcated mass located in the right liver lobe. Due
to its predominantly expansive rather than infiltrative growth pattern, UESL often has clear tumor borders, and
presents with a fibrous pseudocapsule in the interface between the tumor and the adjacent parenchyma. The cut
surface usually reveals a yellow to tan, heterogenous tumor with glistening solid regions alternating with cystic
areas. Necrotic and hemorrhagic tissue, clotted blood and gelatinous material (that corresponds to areas of myxoid
histology) are also often detected [36,44,67,68].

Histologically, UESL shows solid/irregular tumor architecture. Hypercellular sheets of highly pleomorphic
tumor cells, necrosis, high mitotic index, frequent atypical mitoses and apoptotic bodies are important microscopic
features of this tumor and indicate fast cellular turnover (Figures 2A–E). In accordance, the proliferative index of
UESL by Ki67 immunohistochemistry is usually high (≥30%) [69,70]. Cytologically, UESL is enriched for spindle
or stellate-shaped cells with ill-defined borders and inconspicuous nucleoli. Multinucleated giant cells, aberrant
nuclei and eosinophilic hyaline globules (Figure 2F) may also be identified during microscopic studies and are
important diagnostic clues of UESL [36]. The edge of the tumor is often demarcated by fibrous connective tissue
(corresponding to the pseudocapsule observed by gross examination) and the adjacent liver parenchyma is usually
compressed, but normal. Sometimes, clusters of normal hepatocytes and dilated biliary ducts may be detected
between the fibrous pseudocapsule and the cancer cells [44,69].

Immunohistochemical studies are nonspecific for the histogenesis of UESL; there is also no isolated marker
conclusive for the diagnosis of this cancer. Therefore, broad immunohistochemical panels are often necessary
to rule out differential diagnoses (discussed in the section Differential diagnosis) and to increase the diagnostic
accuracy of UESL [69,71]. Most cases of UESL are positive for Vimentin, alpha-1 antytrypsin and CD68 [69–72].
Other common – but slightly less prevalent – markers include BCL2, CD10 and CD56 [36,47,69,70,72,73]. UESL is
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usually negative for HepPar1, AFP, alpha smooth muscle actin, myogenin, synaptophysin, CD117, HMB-45 and
CD34 [69,70,72]. Staining for pan-cytokeratins and Glypican 3 should be carefully interpreted. In fact, cytokeratins
AE1/AE3, CAM5.2 and OSCAR may show focal or dot-like expression in UESL, which could suggest the diagnosis
of carcinoma [72]. Similarly, Glypican 3, which is often expressed in hepatocellular carcinoma and hepatoblastoma,
stains close to half of the cases of UESL [74]. Therefore, these markers should not be used to guide the differential
diagnosis between these lesions.

Differential diagnosis
In the pediatric population, UESL should be mainly distinguished from embryonal rhabdomyosarcoma (of the
biliary tree), hepatoblastoma and HMH [36]. Embryonal rhabdomyosarcoma depicts areas showing rhabdomy-
oblastic differentiation and are usually positive for immunohistochemical markers of skeletal muscle differentiation
including myoD1 and myogenin. Hepatoblastoma usually develops in younger patients (<5 years); these tumors
show embryonal or fetal liver epithelium that can be distinguished from UESL by careful histological analysis. Fur-
thermore, the mesenchymal component in hepatoblastomas usually lack the degree of cytological atypia observed
in UESL [15]. Finally, HMH also develops in younger patients (<2 years); the gross appearance of these tumors is
predominantly cystic, while morphological anaplasia and atypical mitoses are not usually identified [2,8].

In adults, the main differential diagnoses of UESL include sarcomatoid HCC, melanoma, gastrointestinal stromal
tumors, angiomyolipoma and other high-grade sarcomas. HCC usually develops in a background of chronic liver
injury. Thus, careful evaluation of the clinical history and histological analysis of the adjacent liver parenchyma
should guide the diagnosis. Furthermore, sarcomatoid HCC may also present with areas of classic hepatocellular
(nonsarcomatoid) differentiation [75]. Melanomas are morphologically heterogeneous tumors and distinction from
UESL solely on histological grounds may be challenging. Presence of melanin pigment and expression of melanocyte
markers (e.g., SOX10, HMB-45 and Melan A) and S100 may aid the diagnosis [76,77]. Gastrointestinal stromal
tumors are usually less anaplastic and express DOG1, CD117 (C-kit) and/or CD34 [78]. Hepatic angiomyolipoma,
predominantly seen in females, is characterized by the presence of thick-walled blood vessels, smooth muscle (myoid
cells) and mature adipose tissue histologically [79]. The lesional cells are generally immunoreactive for HMB45,
Melan A, desmin and smooth muscle actin. High-grade sarcomas may be distinguished based on histological or
immunohistochemical evidence of specific cell lineage differentiation (e.g., adipocytes in liposarcomas; vascular
spaces in angiosarcoma). The clinicopathologic characteristics of UESL and its differential diagnoses are summarized
in Table 1.

Treatment & prognosis
The outcome of patients with UESL treated with surgical intervention is generally favorable, with a 5-year overall
survival superior to 70% [45]. A pooled analysis of multiple cases of UESL showed that partial hepatectomy is
the most common surgical intervention in this cancer reported in the literature. Patients with negative resection
margins and those that received adjuvant chemotherapy following partial hepatectomy showed improved overall-
and recurrence-free survival rates. Meanwhile, large tumor size (>10 cm) and extrahepatic dissemination did not
significantly correlate with the survival rates in patients submitted to partial hepatectomy. These results suggest
that patients with UESL should be considered for surgical intervention followed by adjuvant chemotherapy
regardless of tumor stage [45]. Furthermore, patients with unresectable tumors seemed to benefit from neoadjuvant
chemotherapy followed by tumor resection, and cases refractory to neoadjuvant chemotherapy may benefit from
liver transplantation [41,45,80].

Conclusion
HMH and UESL are rare conditions primarily seen in the pediatric population. Tissue diagnosis is extremely
important since the clinical and radiologic presentations are not specific. In practice, pathologists should be familiar
with the histologic characteristics of these lesions and recognize the limitations of ancillary studies (molecular
cytogenetics and immunohistochemistry). Resection is the mainstay treatment for both entities; multimodal
therapy with adjuvant chemotherapy has significantly improved the outcome of patients with UESL.

Future perspective
An understanding of the pathogenesis of HMH and UESL is still evolving. C19MC activation has recently been
proposed as the unifying mechanism for most HMH cases. Meanwhile, UESL lesions demonstrate a vast variety
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Table 1. Clinicopathologic characteristics of undifferentiated embryonal sarcoma of the liver and its differential
diagnoses.
Diagnosis Patient demographic Clinical presentations Pathologic features Immunohistochemistry

Undifferentiated embryonal
sarcoma of the liver

M = F
Age 6–10 years

Abdominal mass, pain, fever
and other constitutional
symptoms

Sheets of highly pleomorphic
tumor cells with myxoid
background
Brisk mitotic activity
Atypical mitoses
Eosinophilic globules

Vimentin, CD68, CD56, BCL2,
CD10, alpha-1 antitrypsin,
cytokeratin (dot-like pattern) and
Glypican-3

Hepatic mesenchymal
hamartoma

M � F
Age �2 years

Enlarged liver mass with
respiratory distress due to
tumor compression

Lobular growth of myxomatous
stroma with branching bile
ducts and entrapped
hepatocytes

Noncontributory

Hepatoblastoma M:F = 3:2
Mean age = 19 months

Enlarged abdominal mass,
constitutional symptoms,
thrombocytosis and elevated
serum AFP levels

Different variants resemble
stages of liver development

Beta-catenin (nuclear and
membranous), Glypican-3 and
glutamine synthetase (variable
staining pattern in different
variants)

Embryonal rhabdomyosarcoma
of the biliary tract

F � M
Age �5 years

Fever and icteric Small blue cell tumors with
cambium layer underneath the
biliary epithelium

Desmin, myogenin and myoD1

Hepatocellular carcinoma M = F
Adults

Abdominal mass with
constitutional symptoms;
history of chronic liver
injury/cirrhosis

Thickened trabeculae with
pleomorphic cells (sarcomatoid
variant)
Intracellular bile and Mallory
hyaline bodies

HepPar 1, Glypican-3, AFP,
arginase, CD10 (canalicular) and
pCEA (canalicular)

Gastrointestinal stromal tumor M = F
Adults

Intra-abdominal mass Spindle cells with eosinophilic
fibrillary cytoplasm

C-kit (CD117), DOG-1 and CD34

Angiomyolipoma F � M
Adults

Intra-abdominal mass Admixture of thick-walled
vessels
Spindled to polygonal myoid
cells
Mature adipocytes

HMB 45, Melan A, desmin,
smooth muscle actin

Malignant melanoma M = F
Adults

Primary or metastatic tumor
nodules with nonspecific
symptoms

Highly pleomorphic neoplastic
cells with increased mitotic
activity
Melanin pigments may be
present

HMB 45, MART-1, SOX10 and
S-100

F: Female; M: Male.

of cytogenetic aberrations. Genome-wide molecular analyses and/or experimental validation of putative molecular
drivers in a large cohort are necessary to identify distinctive molecular signatures and/or potential targets for
therapeutic intervention.

Executive summary

• Hepatic mesenchymal hamartoma (HMH) and undifferentiated embryonal sarcoma of the liver (UESL) are rare
mesenchymal tumors arising predominantly in the pediatric population.

• HMH is the second most common benign hepatic tumor in children, most commonly diagnosed in patients
younger than 2 years of age.

• Different mechanisms of HMH include androgenetic-biparental mosaicism and chromosomal aberrations which
lead to chromosome 19q microRNA cluster activation.

• Histologically, HMH is characterized by a lobular growth of myxomatous stroma with scattered stellate-shaped
mesenchymal cells, branching bile ducts, and entrapped islands of hepatocytes.

• UESL is the third most common malignant hepatic tumor in children following hepatoblastoma and
hepatocellular carcinoma; the median age of diagnosis is 9 years.

• UESL is characterized by sheets of highly pleomorphic neoplastic cells. Necrosis, high mitotic index, atypical
mitoses, multinucleated giant cells and eosinophilic hyaline globules are frequently identified.

• HMH may undergo malignant transformation into UESL, suggested by identical chromosomal abnormalities
involving chromosome 19q13.4.

• Surgical resections are the mainstay treatments for HMH and UESL. Chemotherapy may improve the outcome of
patients with UESL. Liver transplantation may be considered in unresectable cases.
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