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9.1 Hepatoblastoma
and Related Tumors

9.1.1 Introduction

Hepatoblastoma is a term proposed by Willis for all
embryonal tumors containing hepatic epithelial paren-
chyma more or less resembling fetal or embryonal tis-
sue (Willis 1962). Early reports reviewed by Ishak and
Glunz (1967) employed several terms to denote hepa-
toblastoma, including primary hepatoma or carcinoma
of the liver in infancy and childhood, mixed tumors of
the liver, and hepatic embryonic tumors. As the prog-
nosis of these lesions was dismal those days, it was not
thought important to classify the tumors differently.
Subsequently, this changed considerably, leading to
the concept of hepatoblastoma that we have today
(reviews: Dehner 1978; Weinberg and Finegold 1983;
Stocker 2001; Zimmermann 2005; Meyers 2007;
Finegold et al. 2008). Hepatoblastoma is predomi-
nantly a disorder of the liver in small children and
infants (see the chapter on epidemiology), but may
occur in adults up to the age of 80 years.

9.1.2 Classification of Hepatoblastoma

Willis (1962) had classified hepatoblastoma into three
types: (1) embryonic hepatoma, containing only
embryonic liver tissue; (2) mixed tumors containing
both epithelial and mesenchymal components; and (3)
rhabdomyoblastic mixed tumors. In the same period,
Edmondson still had epithelial hepatoblastomas under
the category primary carcinoma of the liver, and the
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Table 9.1 SIOPEL classification of hepatoblastomas

Hepatoblastoma, wholly epithelial type

Fetal subtype

Mixed embryonal/fetal subtype

Macrotrabecular subtype

Small cell undifferentiated subtype

Hepatoblastoma, mixed epithelial, and mesenchymal type
Without teratoid features

With teratoid features

Hepatoblastoma, not otherwise specified (NOS)

other lesions were mixed tumors (Edmondson 1956).
Later, a so-called “pure hepatoblastoma” was added to
this classification, denoting mixed tumors without
osteoid (Neimann et al. 1963), while the osteoid-
containing variant was identified as a separate entity
(Milman and Grayzel 1951); this is currently obsolete.
A major breakthrough was the proposition by Ishak
and Glunz, who divided the tumors into an epithelial
type and a mixed epithelial mesenchymal type, further
breaking down the epithelial tumors into those with
fetal or embryonal cells (Ishak and Glunz 1967), a
refined and improved modification of the classification
previously advocated by Willis. The criteria for mod-
ern classifications of hepatoblastoma have recently
been reviewed (Rowland 2002), and a more expanded
classification of the hepatoblastoma tumor family has
been proposed (Zimmermann 2005). Table 9.1 shows
the hepatoblastoma classification currently employed
by SIOPEL.

About 55% of hepatoblastomas are epithelial
(30% fetal, 20% fetal-embryonal, 3% macrotrabecular,
2% small cell undifferentiated), and 45% are mixed
epithelial and mesenchymal, but when all types are
considered, around 85% contain both fetal and embry-
onal components in variable proportions. There is no
relationship between the age of the child and the
predominant cell type in hepatoblastoma.

9.1.3 Macroscopy

Hepatoblastomas are more commonly solitary than mul-
tifocal, mostly expanding masses of roughly spherical

shape (Ishak and Glunz 1967). Focal calcifications
may be seen macroscopically; radiologically, coarse
calcifications are present in hepatoblastoma in 50% of
the cases, but many of them are in fact mineralized foci
of osteoid (Dachman et al. 1987). Some tumors pres-
ent with prominent feeding arteries and enlarged or
engorged veins. Such tumors are hypervascular multi-
focal hepatoblastomas at imaging and may be con-
founded with hemangioendothelioma (Ingram et al.
2000; Lu and Greer 2007).

The gross and histologic work-up of hepatoblasto-
mas has been formulated in a College of American
Pathologists protocol (Finegold et al. 2007). A detailed
description of the gross features delivers informations
that are important for the confirmation of staging and
for prognostication. Several parameters of growth pat-
terns have been shown to be predictors of failed con-
servative treatment (FCT), such as multifocality, portal
vein involvement, hepatic vein involvment, and vena
cava involvement (Von Schweinitz et al. 1994; Davies
et al. 2004; D’ Antiga et al. 2007). Gross examination
must include the precise assessment of radicality, what
is sometimes difficult owing to the complexity of
resection surfaces, especially in the fixed state of spec-
imens. For the evaluation of surgical resection margins
(Dicken et al. 2004) and the assessment of microscopic
residual disease, it is recommended that surgeons and
pathologists find a way to identify critical margin areas
and the vascular and biliary trees, for example, by use
of colored sutures or inking. In newborns with con-
genital hepatoblastoma, macroscopy must include the
examination of the placenta, because hepatoblastoma
can metastasize to this organ (Robinson and Bolande
1985; Doss et al. 1998).

9.1.4 Histopathology
of Hepatoblastomas

Based on the histomorphologic features that had led to
the current classifications, the specific features of the
types and subtypes of hepatoblastoma have been
worked out (Edmondson 1956; Ishak and Glunz 1967,
Lack et al. 1982; Weinberg and Finegold 1983; Dehner
and Manivel 1988; Haas et al. 1989; Conran et al.
1992). In the following overview, the types and sub-
types follow the SIOPEL classification.
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9.1.4.1 Fetal Hepatoblastoma:
The Differentiated Phenotype
with a Favorable Histology

The morphology of fetal-type cells has already been
specified in detail in 1967 (Ishak and Glunz 1967).
They are smaller than normal adult hepatocytes but
larger than normal fetal hepatocytes, with a well-
defined outline, and present a cytoplasm that varies
from eosinophil and is slightly granular to clear
(Fig. 9.1a and b), resulting in a characteristic dark-and-
clear cell pattern, or a pattern of light and dark lobules.
The pale or clear aspect of the cytoplasm is sometimes
striking (Fig. 9.1d) and is caused by accumulation of
glycogen and lipids. Marked lipid accumulation
induces vacuolization of the cell, commonly seen after

Fig.9.1 (a) Fetal hepatoblastoma. The cells form solid forma-
tions and nodules, and exhibit a clear cytoplasm (hematoxylin
and eosin stain). (b) In this fetal hepatoblastoma, both clear
and dark cells are noted (hematoxylin and eosin stain).

chemotherapy. Bile production can be noted, some-
times with dense bile deposits in canalicular-like struc-
tures. The nuclei are round to slightly ovoid, with a
rather fine chromatin structure and one small acido-
philic nucleolus. Fetal cells are arranged in cords,
nests, or nodules, without a prominent stroma (except
around feeding vessels or in certain tumor variants
with a lobular growth pattern and hamartoma-like fea-
tures) and with a rather poorly developed network of
reticular tissue (Ishak and Glunz 1967). In compact
areas, sinusoids may be absent, resulting in a cellular
mosaic pattern (Haas et al. 1989). Extramedullary
hematopoiesis is a typical feature (Fig. 9.1c), whereby
erythroblasts predominate, but megakaryocytes are
also in evidence. These foci are intrasinusoidal and are
not seen in the adjacent normal liver tissue.

(¢) Several hematopoietic clusters are seen in this fetal hepato-
blastoma (hematoxylin and eosin stain). (d) Clear cells of a
fetal hepatoblastoma at higher magnification (hematoxylin and
eosin stain)
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In the well-differentiated variety of fetal hepato-
blastoma, there is little mitotic activity (two or less
than two mitotic figures per ten high-power [x40 objec-
tive] fields; pure fetal histology). A subset of fetal
hepatoblastoma shows significant mitotic activity
(>2 mitotic figures in ten high-power fields). This vari-
ant is called mitotically active fetal or crowded fetal
hepatoblastoma, because cytoplasmic glycogen stor-
age is less and hence the proportion of a sample occu-
pied by nuclei is increased.

9.1.4.2 Embryonal Histology: A Common
Partner of Fetal Tissue Components

The embryonal pattern almost always occurs in com-
bination with fetal components (purely embryonal

hepatoblastomas are exceptional observations
Borman et al. 1961). Embryonal hepatoblastoma
cells are less differentiated than fetal cells, poorly
cohesive, elongated, and have a high nuclear cyto-
plasmic ratio and a sparse, compact basophilic or
amphophilic, poorly outlined cytoplasm (Fig. 9.2a).
Bile production is not seen. The nuclei are oval rather
than round and show a coarser chromatin, with
prominent parachromatin and one enlarged ampho-
philic or acidophilic nucleolus. Mitoses are more
frequent than in the fetal subtype. Transitions
between fetal cells and embryonal cells are common,
and sometimes embryonal tissue is seen at the periph-
ery of otherwise fetal tissue areas (Fig. 9.2b). The
growth pattern of embryonal areas is complex
and includes solid sheets or plates of variable thick-
ness, incomplete or complete tubuloacinar profiles

Fig. 9.2 (a) Embryonal components of a mixed epithelial
hepatoblastoma (hematoxylin and eosin stain). (b) In this
embryonal/fetal hepatoblastoma, embryonal components are
located to the periphery of fetal parts (hematoxylin and eosin

stain). (¢) Embryonal area of a hepatoblastoma with acinar for-
mations (hematoxylin and eosin stain). (d) In this embryonal
area, immature tubular structures are present (hematoxylin and
eosin stain)
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(Fig. 9.2¢), and rosette-like configurations (pseudor-
osettes) resembling primitive bile ducts of the embry-
onic liver prior to the sixth week of gestation
(Gonzalez-Crussi et al. 1982; Fig. 9.2d). Micro-
papillary structures may occur and sometimes form a
dominant pattern. The vascular network differs from
that of fetal-type tumors, in that a fine capillary net-
work and larger vascular channels are present, some-
times forming dilated channels with incomplete
endothelial lining (vascular lakes lined by tumor
cells; Ishak and Glunz 1967) or pelioid areas. In
contrast to fetal tumors, extramedullary hematopoi-
esis is very rarely observed in embryonal areas.
Embryonal tumor tissue exhibits necroses and apop-
totic bodies, most marked in chemotherapy-treated
tumors.

9.1.4.3 Macrotrabecular Hepatoblastoma:
A Distinct Growth Pattern

Gonzalez Crussi and coworkers have described hepato-
blastoma areas having a macrotrabecular growth pattern
in otherwise typical tumors. Macrotrabecules are 10-20
or more cells thick, resulting in a typical pattern
(Fig. 9.3a and b). The cells in the macrotrabecular parts
may be fetal, embryonal, or indistinguishable from
those of adult-type hepatocellular carcinoma (Gonzalez-
Crussi et al. 1982). The macrotrabecular phenotype
occurs as a pure form, but may also be mixed with other
histologies. It has been proposed that a hepatoblastoma
with only an isolated macrotrabecular focus should not
be classified as a macrotrabecular subtype (Conran et al.
1992), but the cut-off criteria have not yet been defined.

Fig. 9.3 (a) Macrotrabecular hepatoblastoma at low magnifica-
tion. Note the resemblance to hepatocellular carcinoma (hema-
toxylinandeosinstain). (b) The large cell plates (macrotrabecules)
are clearly seen in this tumor (Hematoxylin and eosin stain).

(¢) Macrotrabecular hepatoblastoma consisting of embryonal
and fetal cells (MT-2; hematoxylin and eosin stain). (d)
Macrotrabecular hepatoblastoma consisting of hepatocyte-like
cells (MT-1; hematoxylin and eosin stain)
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Previously, macrotrabecular hepatoblastoma was
characterized by a repetitive arrangement of fetal or
embryonal cells in macrotrabecules (Haas et al. 1989),
but these authors noted that occasionally the tumor cell
size may resemble the cells of hepatocellular carci-
noma. It has therefore been proposed to divide mac-
rotrabecular hepatoblastomas into two categories
(Zimmermann 2005): MT-1 composed of hepatocyte/
HCC-like cells (Fig. 9.3d), and MT-2 composed of
fetal and/or embryonal cells (Fig. 9.3c).

With regard to the biology of macrotrabecular hepato-
blastomas, only two therapy studies have specifically
referred to this variant. In the first study of 168 patients
with hepatoblastoma, 18 patients had macrotrabecular
tumors, and their estimated 24-month survival probabil-
ity was 50% in comparison with 92%, 63%, and 0% for
the purely fetal, embryonal, and small cell undifferenti-
ated histologies, respectively (Haas et al. 1989). In a later
second investigation that also identified the macrotrabec-
ular variant, the histology of any type or subtype of hepa-
toblastoma did not have a significant prognostic effect
(Conran et al. 1992). In summary, there are presently too
few observations on this subtype to be certain whether it
is prognostically unfavorable or not, but it is believed that
the MT1 phenotype is a high-risk histology.

9.1.4.4 Undifferentiated Epithelial
Hepatoblastomas

This rare subgroup of wholly epithelial hepatoblastomas
is characterized by poorly differentiated or undifferenti-
ated (anaplastic) cells cytologically resembling those of
other “blue cellular tumors.” So far, undifferentiated
hepatoblastoma is defined as an aggressive (high-risk)
neoplasm composed of small cells, mostly with a diffuse
growth pattern (hepatoblastoma, small cell undifferenti-
ated; HB-SCUD). However, this group of tumors is het-
erogeneous and contains, apart from HB-SCUD,
neoplasms with focal expression of anaplasia, tumors
with undifferentiated cells of intermediate or large cells
rather than small cells, and a subset of lesions, which
seem to be related to malignant rhabdoid tumors.

Small Cell Undifferentiated
Hepatoblastoma (HB-SCUD)

This neoplasm was originally termed, “anaplastic
type,” and described as a lesion having small cells

resembling those of neuroblastoma (Kasai and
Watanabe 1970). However, small undifferentiated
round and spindle-shaped cells have been described in
hepatoblastoma earlier (Misugi et al. 1967). Haas et al.
proposed to replace “anaplasia” by “small cell undif-
ferentiated” (SCUD) (Haas et al. 1989). The small cell
cytologic and histologic patterns have since been
reported several times, but mostly in small numbers
only (Sinniah et al. 1974; Lack et al. 1982; Weinberg
and Finegold 1983; Haas et al. 1989; Gonzalez-Crussi
1991; Hansen et al. 1992; Stocker 1994). When the
small cell feature is present in a significant proportion
of a hepatoblastoma (75%) or as the sole cell type, this
tumor subtype is typically found in infants younger
than 1 year. The SCUD phenotype can be combined
with any other hepatoblastoma types and subtypes.
HB-SCUD is a rapidly growing and highly aggressive
subtype of hepatoblastoma, with an estimated 2-year
patient survival rate probably not exceeding 0% (Haas
etal. 1989). Few studies have, however, systematically
analyzed the clinical behavior of HB-SCUD, also
related to the rarity of this lesion. In a study of com-
pletely resected hepatoblastoma, the 38% recurrence
rate in tumors with a SCUD histology compared unfa-
vorably with the overall estimated event-free survival
rate of 91% for the entire group (Ortega et al. 2000).
HB-SCUD is, therefore, one of the phenotypes in the
hepatoblastoma family of tumors with an “unfavorable
histology.”

Histologically, the typical growth pattern of
HB-SCUD is diffuse (Fig. 9.4a) or spotty (Fig. 9.4b),
with small cells being ovoid, stellate, or spindle-
shaped with slight eosinophilia or amphophilia of the
poorly developed cytoplasm. The nuclei exhibit a
dense chromatin and variably prominent nucleoli
(Fig. 9.4¢). In silver stains, delicate reticulin fibers
surround small to large clusters or sheets of tumor
cells, without a distinct pattern.The stroma is usually
scanty or lacking. The tumor tends to invade the adja-
cent liver substance, often with a prominent intravas-
cular growth (Fig. 9.4d), and the neoplastic tissue
may engulf preexisting bile ducts and ductules (Haas
et al. 1989; Fig. 9.4e). Necrosis may be extensive
(Fig. 9.4f). Immunohistochemically, the tumor cells
are reactive for vimentin, pankeratin, and cytokera-
tins 8 (Fig. 9.5a). The proliferative activity is some-
times markedly increased (Fig. 9.5b).Typically, the
tumor cells do not usually stain for AFP (with few
exceptions; Abenoza et al. 1987), and in fact part of
tumors with normal or only slightly elevated serum
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Fig. 9.4 (a) Small cell undifferentiated hepatoblastoma, dif-
fuse growth pattern (hematoxylin and eosin stain). (b) Small
cell undifferentiated hepatoblastoma, spotty growth pattern
(ematoxylin and eosin stain). (¢) Cellular phenotype of small
cell undifferentiated hepatoblastoma (hematoxylin and eosin
stain). (d) Vascular invasion of small cell undifferentiated

hepatoblastoma (hematoxylin and eosin stain). (e) In this small
cell undifferentiated hepatoblastoma, tumor cells have infiltrated
the tissue surrounding a bile duct (hematoxylin and eosin stain).
(f) This tumor has undergone partial necrosis, visualized as an
eosinophilic mass with ghost cells (lower half of figure) and a
zone of damaged cells (hematoxylin and eosin stain)
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Fig. 9.5 (a) Cytokeratin 8 expression in cells of small cell may show high proliferative activity (proliferation marker/Ki-67
undifferentiated hepatoblastoma (brown reaction product; CK8  immunostain).
immunostain). (b) Small cell undifferentiated hepatoblastomas
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Fig. 9.6 (a) Myxoid variant of small cell undifferentiated hepa-  matrix is rich in glycosaminoglycans (maxtrix in blue, tumor
toblastoma. Note the prominent myxoid (whitish-blue) intercel-  cells in red; alcaline Alcian blue stain)
lular matrix (hematoxylin and eosin stain). (b) The myxoid

AFP and aggressive biology are HB-SCUD (De Ioris  Even incomplete, that is, nondiffuse expression of the
et al. 2008). Rare variants of HB-SCUD exhibit a SCUD phenotype has been shown to be unfavorable
myxoid stroma with large amounts of glycosamino- (Douglass et al. 1993; Haas et al. 2001). In a CCG
glycans (Fig. 9.6a and b), sometimes with mucoid report of 33 patients with Stage I hepatoblastoma, 3/18
microcysts (“mucoid anaplastic hepatoblastoma”; patients whose completely resected hepatoblastomas
Joshi et al. 1984). were believed to be of pure fetal histology later devel-

The SCUD phenotype may be focal and associated oped pulmonary metastases. The histology review
with fetal- and/or embryonal-type tumor cells; this showed that all three tumors contained scattered micro-
phenomenon has previously been noted in descriptions  scopic foci of SCUD histology (Feusner et al. 1993;
of hepatoblastomas (Gonzalez-Crussi et al. 1982). Haas et al. 2001).
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Other Phenotypes of Undifferentiated
Hepatoblastoma

Rare cases of undifferentiated hepatoblastomas do not
express a small cell phenotype, but are composed of
intermediate-sized cells or even large cells (hepatoblas-
toma, intermediate cell undifferentiated, HB-ICUD;
hepatoblastoma, large cell undifferentiated, HB-LCUD;
Zimmermann 2005). Medium-sized cells in undiffer-
entiated hepatoblastoma have previously been noted
(Lack et al. 1982) and earlier observations of large cells
occurring in hepatoblastomas have been described
(Weinberg and Finegold 1983). Large cell features
associated with aggressive course are also recognized
for other blastomas, including large cell medulloblas-
toma and large cell neuroblastoma. Some large cell
hepatoblastomas are CD99-positive, in the absence of
any other PNET features (Zimmermann 2005), but
CD99 positivity has also been found in other hepato-
blastomas (Ramsay et al. 2008).

Undifferentiated Hepatoblastoma with Rhabdoid
Features and Malignant Rhabdoid Tumor

At least part of HB-SCUD seems to have a relationship
to malignant rhabdoid tumors (MRT), which also occur
in the liver (Parham et al. 1994; Scheimberg et al.
1996; Garcés-Inigo et al. 2009). MRT is histologically
characterized by sheets of large polygonal cells with
abundant cytoplasm and vesicular nuclei with a central
prominent nucleolus. Part of the cells discloses the fea-
ture of so-called rhabdoid cells (Fig. 9.7a). The rhab-
doid cell, which is a hallmark of MRT (although not
present in each tumor), has an eosinophilic or ampho-
philic cytoplasm containing a spheroid perinuclear
inclusion body that consists of intermediate filament
whorls, and which is immunoreactive for both, epithe-
lial and mesenchymal markers (mainly cytokeratins 8
and 18, and vimentin; Fig. 9.7b). A large subset, if not
the majority, of MRTs are characterized by a recurrent
deletion of region 11.2 of the long arm of chromosome
22 (22ql11.2) and show truncating frameshift or non-
sense mutations of INIl1, immunohistochemically
detectable by the loss of BAF47 reactivity.

In the liver of infants and small children, polyphe-
notypic tumors may develop, which are difficult to
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Fig. 9.7 (a) Malignant rhabdoid tumor of the liver. Some of
the cells display so-called rhabdoid features (hematoxylin
and eosin stain). (b) Part of the rhabdoid cells show excentric
intermediate filament staining (vimentin immunostain). (c)
Small cell undifferentiated hepatoblastoma with rhabdoid
features. Note that the nuclei of a normal bile duct (center)
stain for INI1, whereas the tumor cells do not (BAF47
immunostain)
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allocate to either MRT or undifferentiated hepatoblas-
toma, because they may share features with both tumor
types (Wagner et al. 2007; Russo and Biegel 2009).
This constellation has been confirmed in a recent study
of 11 patients with hepatoblastomas showing normal
or minimally increased serum AFP and a SCUD
histology. Ten of these patients died of disease pro-
gression, and immunostaining revealed that tumors
from six of six patients tested were INI1 negative, sug-
gesting that at least some HB-SCUD cases may actu-
ally represent a form of MRTs (Trobaugh-Lotrario
et al. 2009). This subset of INIl-negative SCUD
tumors may be termed, rhabdoid-like tumors or
HB-SCUD with rhabdoid features (Fig. 9.7c). Apart
from their diagnostic and clinical relevance, these
observations may provide clues for a deeper under-
standing of pathogenic pathways involved in undiffer-
entiated hepatoblastoma. This issue is further discussed
in Chap. 3.

9.1.4.5 Grading of Epithelial
Types of Hepatoblastoma

So far, grading of hepatoblastomas or at least of their
epithelial components is based on the concept of favor-
able versus unfavorable histology and still requires
more studies. Hepatoblastomas with favorable histol-
ogy are, in principle, purely fetal, well-differentiated
neoplasms with minimal recognizable mitotic activity
(see above). The typical unfavorable histology com-
prises a small cell undifferentiated phenotype with or
without associated rhabdoid features, and the malig-
nant rhabdoid tumor itself. The remaining tumor types
and subtypes are, provisionally, classified as having
“less favorable histopathologies,” that is, somewhere
in between favorable and unfavorable. Probably, the
deeper analysis of large studies will clarify this
situation.

9.1.4.6 Mixed Epithelial and Mesenchymal
Hepatoblastomas

This type of hepatoblastoma was described in detail in
1967 by use of the terms, epithelial and mesenchymal
type or mixed hepatoblastoma (19 out of 35 analyzed
hepatoblastomas; Ishak and Glunz 1967). This form of
hepatoblastoma is characterized by a complex mixture

of epithelial lineages and an immature-looking mesen-
chyme making part of the tumor itself rather than rep-
resenting a stromal reaction. Later it was recognized
that some of these tumors may contain heterologous
components resembling those found in a teratoma.
This is the reason why new classifications distinguish
mixed hepatoblastomas with or without teratoid
features.

Mixed Epithelial and Mesenchymal
Hepatoblastoma Without Teratoid Features

This is the more common variant. Typically, the epi-
thelial component is either fetal or mixed fetal-
embryonal. In addition to the connective tissue
following the vascular tree or forming septa there are
areas of a primitive, sometimes hypercellular mesen-
chyme intimately admixed with the tumor epithelia.
The cells forming this mesenchyme are spindle-
shaped (sometimes fibroblastoid) or stellate, with
delicate processes and elongated, inconspicuous
nuclei. The cytoplasm is scanty. The extracellular
matrix contains reticulin fibers and sometimes a myx-
oid alcianophilic substance. Foci of osteoid with
or without mineralization are often seen (Fig. 9.8a).
The cells within this tumor osteoid are indistinguish-
able from osteoblasts, but also stain for epithelial
markers in addition to vimentin (cytokeratins). Bone
formation may occur in metastases of hepatoblasto-
mas, sometimes indistinguishable from osteosarcoma
(Weinberg and Finegold 1983). Cartilage tissue seems
to occur in mixed hepatoblastoma (review: Pang
1961), but true (hyaline) cartilaginous tissue is prob-
ably not common; it was not noted by Ishak and
Glunz (1967) and was observed in the large SIOPEL
pathology review only once. Mixed tumors may con-
tain foci of squamous epithelia with formation of
concentric pearls. They can express keratohylaine
granules, sometimes with marked keratinization and
a foreign body reaction with giant cells (Ishak and
Glunz 1967).

Mixed Epithelial and Mesenchymal
Hepatoblastoma with Teratoid Features

These are mixed hepatoblastomas, which reveal multi-
ple lines of cell and tissue differentiation in addition to
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Fig. 9.8 (a) Osteoid formation in mixed epithelial and mesen-
chymal hepatoblastoma (hematoxylin and eosin stain). (b) In
this mixed epithelial and mesenchymal hepatoblastoma, cells in
epithelium and in osteoid contain melanin (brown), a feature of
the teratoid variant (hematoxylin and eosin stain). (¢) Melanin

immature mesenchyme, myoid cell lineages, and osteoid
tissue. These so-called teratoid lines include intestinal
or mucinous epithelium, melanin-containing cells,
endocrine elements, immature striated muscle cells, and
glioneural tissue (Watanabe et al. 1975; Manivel et al.
1986; Abenoza et al. 1987; Conran et al. 1992; Kim
et al. 2001). It is noteworthy that the first pediatric
osteoid-containing liver tumor was described in 1898
under the term, teratoma hepatis (Misick 1898), but the
term, teratoid hepatoblastoma, was coined in 1986
(Manivel et al. 1986) and is now frequently replaced by
the term proposed by the SIOPEL classification, that is,
mixed epithelial and mesenchymal hepatoblastoma with
teratoid features. This subtype of hepatoblastoma has no
connection with teratomas, which are germ cell tumors,

formation at higher magnification (hematoxylin and eosin stain).
(d) Tumor necrosis in melanotic teratoid hepatoblastoma causes
accumulation of melanin in macrophages (phagocytosis of mel-
anosomes; hematoxylin and eosin stain)

but there are very rare instances where teratoid hepato-
blastoma occurs together with true hepatic teratoma
(Conrad et al. 1993) or with yolk sac tumor (Cross and
Variend 1992).

Teratoid hepatoblastomas exhibit the same epithe-
lial components as other hepatoblastomas and they
often also contain osteoid, sometimes in an excessive
manner (Schlecht et al. 1996). “Teratoid” epithelia
come as mucinous or goblet cell formations resem-
bling intestinal or bronchial linings and neuroepithe-
lium. Smooth and striated muscle cells may occur, but
are rare. Glioneural components are characterized by a
fibrillary glial matrix immunostaining for glial fibril-
lary acidic protein. Well-differentiated ganglionic cells
may be seen. Melanin-containing cells are sometimes
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prominent (melanotic hepatoblastoma; Fig. 9.8b and c);
they contain densely packed melanosomes and are
immunoreactive for the marker, HMB45. Melanin-
containing granules are also present in neoplastic epi-
thelial cells and are sometimes observed in osteoblast-like
cells located within osteoid (Fig. 9.8b) and in mac-
rophages (Fig. 9.8d). Endocrine/neuroendocrine differ-
entiation can occur in teratoid hepatoblastoma (Ruck
and Kaiserling 1993). In contrast to other hepatoblas-
toma types and subtypes, teratoid components are nega-
tive for glypican 3 expression (Zynger et al. 2008).
Neuroendocrine components and melanin-containing
cells seem to be more resistant to chemotherapy than
epithelial lineages (Forouhar et al. 1984), but it is not
known whether this has an impact for prognosis.

9.1.5 Immunohistochemistry
of Hepatoblastomas

The immunohistochemical assessment of hepatoblas-
tomas is a somewhat problematic issue, because these
neoplasms display variable immunophenotypes, can
express antigens seen in other pediatric malignancies,
and hence do not possess a distinct immunohistochem-
ical profile (Ramsay et al. 2008).

Hepatoblastomas express the cytokeratins of hepa-
tocyte lineages, that is, cytokeratins 8 and 18 (Abenoza
etal. 1987; Van Eyken et al. 1990; Ramsay et al. 2008).
Also the osteoblastoid/osteocytoid cells located within
osteoid of mixed hepatoblastomas express cytokera-
tins 7, 8, and 18 (Van Eyken et al. 1990). The higher
differentiation status of fetal-type cells, with produc-
tion of a canalicular domain, is shown by positivity for
polyclonal CEA (Fasano et al. 1998), and by a differ-
ence of claudin expression in comparison with embry-
onal-type tissue (Halasz et al. 2006). Alpha-fetoprotein
(AFP) is long known to be expressed in about half of
hepatoblastomas (Abenoza et al. 1987; Ramsay et al.
2008), but is consistently lacking in HB-SCUD. In a
systemtic study, AFP was detected in about half of the
cases of hepatoblastoma (Ramsay et al. 2008).

As outlined elsewhere, hepatoblastomas and related
tumors exhibit abnormalities of the Wnt/beta-catenin
signaling pathway (Buendia 2002; Yamaoka et al.
2006; Lopez-Terrada et al. 2009a; Fig. 9.9a—c).
Subsequent to mutations in the beta-catenin (CTNNB1)
gene, beta-catenin bypassing the proteasomal degrada-
tion pathway is translocated to the nucleus, where it

Fig.9.9 (a) Fetal hepatoblastoma with membranous expression
of beta-catenin (in red; beta-catenin immunostain). (b) This
hepatoblastoma in part shows cytoplasmic beta-catenin expres-
sion (beta-catenin immunostain). (¢) In addition to cytoplasmic
expression, this tumor displays nuclear reactivity for beta-
catenin, indicating beta-catenin gene mutation (beta-catenin
immunostain)
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can be detected by immunohistochemistry, mainly in
less differentiated cells (Wei et al. 2000; Yamaoka
et al. 2006), a phenomenon which is an important
prognostic marker in hepatoblastoma (Park et al. 2001)
and is associated with overexpression of cyclin D1 and
fibronectin and poorly differentiated histology in hepa-
toblastoma (Takayasu et al. 2001).

Hepatoblastomas can express glypican 3 (GPC3;
mutated in the Simpson-Golabi-Behmel tissue over-
growth syndrome), one of the six known members of a
heparin sulfate proteoglycan anchored to the cell mem-
brane and detected in hepatic stem cells and being one
of the most overexpressed genes in hepatoblastoma by
microarray analysis (Luo et al. 2006). In a study of 65
hepatoblastomas, all cases had cytoplasmic immuno-
reactivity for GPC3 with greater than 90% of cases
showing strong and diffuse positivity. GPC3 was pres-
ent in epithelial lineages (including the small cell
undifferentiated subtype), but not in mesenchymal or
teratoid components (Zynger et al. 2008).

A subset of hepatoblastomas expresses human cho-
riogonadotropins (hCG) in the tumor cells, clinically
causing virilization and precocious puberty (Behrle
etal. 1963;review: Nakagawaraetal. 1982). Expression
of hCG may be associated with concomitant secretion
of AFP (Nakagawara et al. 1985). These two markers
showed a discordant behavior of the plasma levels dur-
ing chemotherapy and radiotherapy in two patients
(Hung et al. 1963; Braunstein et al. 1972) and a con-
cordant behavior in one (Kumar et al. 1978).
Interestingly, one study uncovered that all out of seven
hCG-producing hepatoblastomas showed hCG expres-
sion in multinucleated syncytiotrophoblast-like giant
cells accompanied by round and clear cells with
squamous metaplasia, suggesting a choriocarcinoma
lineage (Watanabe et al. 1987). Another hormone that
may exceptionally be produced by hepatoblastoma is
renin, associated with hyperreninemia and hyperten-
sion (Moritake et al. 2000).

9.1.6 Growth Patterns, Proliferation,
and Differentiation Characteristics
in Hepatoblastomas

Hepatoblastomas show various growth patterns. One
which is crucial for outcome is angioinvasion that
may extensively involve tumor-associated vessels

(Fig. 9.10a), small vessels in portal tracks (Fig. 9.10b),
and larger veins, including the portal vein (Fig. 9.10c)
and branches thereof (Fig. 9.10d). Apart from compo-
nents of the invasive machinery, these growth patterns
require distinct proliferation features. There is a sig-
nificant association between the histologic type, DNA
content, and proliferation, in that fetal tissue is diploid,
embryonal tissue is aneuploid, and the proliferative
index is higher in embryonal cells than in fetal cells
(Rugge et al. 1998; Zerbini et al. 1998; Tsai et al.
2009). The proliferation is commonly lowest in the
fetal phenotype (Rugge et al. 1998; Tsai et al. 2009).
The proliferative activity of hepatoblastomas has been
found to be lower in low stage tumors than in stages I11
and IV, and was higher in metastases than in primary
tumors (Ara et al. 1997).

Among cell cycle regulators, cyclins and cyclin-
dependent kinase inhibitors (CDKNs) are in part
deregulated in hepatoblastomas (Gray et al. 2000).
Cyclin D1 acts as a switch at the G1-S checkpoint, and
a polymorphism of codon 242 of the cyclin D1 gene
affects the age of onset of hepatoblastoma (Pakakasama
et al. 2004). It has been found that CDKN2A,
CDKN2B, and CDKN2C genes are structurally
unmodified in these tumors, whereas CDKN2A, nor-
mally silenced in the liver, and CDKN2C are expressed
in hepatoblastoma, and cyclin D exhibits a shift in
expression (Iolascon et al. 1998). Expression of the
cyclin-dependent kinase inhibitor, p27(KIP1) is gener-
ally decreased in more aggressive tumors and this has
also been found to play a role in hepatoblastoma.
P27(KIP1) is not mutated in hepatoblastoma but shows
increased transcriptional activity (Hartmann et al.
2000). Well-differentiated low-proliferative fetal tumors
markedly express p27, embryonal patterns show a
variable expression (less in proliferative areas), and
most small cell hepatoblastomas do not express p27
(Brotto and Finegold 2002). Continuous growth of
hepatoblastomas is also mediated by high expression
of spindle checkpoint kinases, specifically Polo-like
kinase 1 (PLK1), being a poor-prognosis indicator
(Yamada et al. 2004). The Wnt/beta-catenin signaling
pathway, which plays a role in the pathogenesis of
hepatoblastoma, affects proliferation and growth,
in that stabilized beta-catenin promotes hepatocyte
proliferation and inhibits TNFalpha-induced apoptosis
(Shang et al. 2004), and is associated with overex-
pression of cyclin D1 in hepatoblastomas (Takayasu
et al. 2001).
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Fig. 9.10 (a) This hepatoblastoma exhibits massive angioinva-
sion with formation of tumor plugs (hematoxylin and eosin
stain). (b) Hepatoblastoma angioinvasion in small portal tract
vessels (hematoxylin and eosin stain). (¢) Invasion of the portal

Growth regulation of hepatoblastomas involves the
insulin-like growth factor-II (IGF2) signaling pathway
(Li et al. 1995; Rainier et al. 1995; Yun et al. 1998;
Tomizawa and Saisho 2006). IGF2 is a maternally
imprinted gene and encodes a fetal peptide hormone
that regulates cell proliferation, differentiation, and
cell migration. IGF2 acts via binding to the type 1 IGF
tyrosine kinase receptor (IGF-1R). IGF2 is expressed
in hepatoblastomas and this expression is inversely
correlated with the degree of differentiation, lacking in
fetal-type cells and being high in embryonal-type cells
(Akmal et al. 1995).The allelic expression of IGF2 is
regulated by the methylation status of a distinct site
(CTCF) in the H19 gene differentially methylated
region (DMR) that represents the parental origin of the
IGF2 allele: in normal tissues, the maternal allele is

vein, with formation of a tumor thrombus. The wall of the vein
(pink) is seen to the left and above the center (hematoxylin and
eosin stain). (d) Obturation of a small portal vein branch by
hepatoblastoma (hematoxylin and eosin stain)

unmethylated, whereas the paternal CTCF site is
methylated. The maternally expressed H19 gene
belongs to an imprinted cluster on chromosome 11p15
and encodes a noncoding mRNA, which controls the
expression of the neighboring, paternally transcribed
IGF2 gene. Hepatoblastomas show monoallelic expres-
sion of H19 (Ross et al. 2000). Loss of imprinting of
IGF2 in hepatoblastomas correlates with hypermethy-
lation of the H19 region (Honda et al. 2008), and there
is a high frequency of inactivation of H19 in sporadic
hepatoblastomas (Fukuzawa et al. 1999). In hepato-
blastoma, the IGF2/IGF-IR pathway is interacting with
PLAGTI, a developmentally regulated zinc finger tran-
scription factor, which positively regulates IGF2 (Van
Dyck et al. 2007), and which is overexpressed in hepa-
toblastomas (Zatkova et al. 2004).
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9.1.7 Chemotherapy Effects
in Hepatoblastomas

Hepatoblastomas treated by chemotherapy undergo
complex changes that may mimic or obscure viable
tumor persistence, rendering interpretation of post-
chemotherapy resection specimens sometimes difficult
(Lowichik et al. 2000).

The main chemotherapy-induced tumor changes
comprise necrosis, apoptosis, and inflammatory/
immune reactions directed against decaying tumor,
fibrosis, vascular changes, and cellular alterations
of residual (viable) tumor. Macroscopically, treated

tumors appear contracted and nodular, more sharply
delineated than native lesions (Fig. 9.11a). His-
tologically, most of the former tumor usually consists
of a fibrous tissue. Often these fibrotic areas are pres-
ent in the form of nodular hypocellular structures con-
taining blood vessels and old hemorrhage (Fig. 9.11b).
It is assumed that the shape of these structures reflects
the previous vascular tree of the tumor. Chemotherapy-
induced necrosis presents as an eosinophilic and
slightly granular mass (Fig. 9.11c), which is sharply
demarcated from the adjacent liver by granulation and
fibrous tissue containing macrophages and lympho-
cytes, and sometimes foreign body giant cells. Focal

Fig.9.11 (a) Macroscopic features of resected hepatoblastoma
post-chemotherapy (cut surface). The tumor appears contracted,
consists of yellowish nodules, and reveals white areas of fibro-
sis/scarring. (b) Nodular areas of fibrosis and perifocal liver
atrophy after chemotherapy (hematoxylin and eosin stain).
(¢) Hepatoblastoma with post-chemotherapy necrosis (hema-
toxylin and eosin stain). (d) Chemotherapy-induced vascular
change with marked thickening of the vessel wall and vascular
stenosis (center; hematoxylin and eosin stain). (e) Marked fatty

change of fetal hepatoblastoma after chemotherapy (hematoxy-
lin and eosin stain). (f) Prominent cellular and nuclear atypia in
hepatoblastoma after chemotherapy (hematoxylin and eosin
stain). (g) Post-chemotherapy hepatoblastoma rich in osteoid.
The nature of the small epithelial focus to the left of the red
osteoid (residual tumor vs. atrophic liver) is difficult to assess
(hematoxylin and eosin stain). (h) Several foci of squamous
epithelium after chemotherapy of hepatoblastoma (hematoxy-
lin and eosin stain)
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calcifications/mineralizations may be seen.In a study
of 17 hepatoblastomas treated with preoperative che-
motherapy, there was no obvious correlation between
the extent of necrosis and the number of courses of
chemotherapy (Saxena et al. 1993). In some cases,
necroses contain clusters of epithelial-like cells that
are very difficult to identify in regard to their nature, so
that the question as to residual viable tumor should be
answered with great caution. Chemotherapy induces
marked vascular changes, characterized by thickening
of the vessel wall and vascular stenosis (Fig. 9.11d).
Fetal hepatoblastoma may undergo marked steatosis
subsequent to chemotherapy (Fig. 9.11e). Therapy-
associated cellular and nuclear anomalies of viable
tumor may render the classification of the residual
tumor impossible (Fig. 9.11f). A notable feature in
tumors treated with chemotherapy is the extensive
presence of osteoid (Fig. 9.11g). In a comparative
study, osteoid was present in 36% of untreated cases,

occupying less than 5% of the surface area, compared
with 82% in the treated group (Saxena et al. 1993).
Whether this phenomenon reflects a distinct effect of
chemotherapy (Heifetz et al. 1997) or is caused by
other factors, including sampling effects, has not yet
been clarified. Keratinizing squamous epithelia are a
typical chemotherapy effect (Fig. 9.11h).

Several post-chemotherapy histological features
apparently having an impact on outcome have been
described in hepatoblastoma. They comprise vascular
invasion in the tumor capsule (risk factor for subse-
quent metastatic disease), necrosis greater than 75%
(favorable prognostic indicator), and increased pro-
liferative activity in residual tumor (poor prognostic
indicator). No reproducible effects were found for
marked osteoid production, fibroblastic proliferation
around necrosis, and intimal thickening, occlusion
or hyalinosis of blood vessels (review: Lowichik et al.
2000).
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9.1.8 Cholangioblastic Hepatoblastoma
(Hepatoblastomas with
Cholangioblastic Features)
and “Ductal Plate Tumors”

A small subset of hepatoblastomas exhibits, mostly at the
periphery of the otherwise typical hepatoblast formations,
cytokeratin 19-positive bile duct cells and even duct-like
profiles in a focal distribution pattern (Fig. 9.12a)
(Zimmermann 2002; Libbrecht et al. 2003). As these bil-
iary epithelial cells are remote from preexisting ductular
and ductal cells of the host liver, but rather constitute part
of the tumor itself, these lesions have been proposed to be
termed, hepatoblastoma with cholangioblastic features
or cholangioblastic hepatoblastoma (Zimmermann 2002,
2005). The cholangioblastic features may not be recogniz-
able with ease in conventional sections, but immunostain-
ing for cholangiocyte lineage markers will uncover the
cells of interest (Fig. 9.12b). In other situations, organoid
tumors reveal numerous and small nodules consisting of
immature hepatoid cells, encircled by a thin rim of biliary
cells and sometimes with slits resulting in a double layer
of cholangiocytes mimicking an abnormal ductal plate
(so-called “ductal plate tumor”; Gornicka et al. 2001;
Zimmermann 2002; Fig. 9.12c). So far, cholangioblastic
features have predominantly been detected in fetal-type
and embryonal-hepatoblastoma, but the proportion of
tumors exhibting these features and the prognostic impact
of this change have not been elucidated so far.

9.1.9 Transitional Liver Cell Tumor (TLCT)

Transitional liver cell tumor (TLCT) is arecently described
malignant liver cell neoplasm that chiefly occurs in older
children and young adolescents (Prokurat et al. 2002).
TLCTs have a rather characteristic clinical presentation,
histopathology, immunohistochemistry, and treatment
response. The tumors are highly aggressive and usually
present as large neoplasms associated with high or very
high serum AFP levels. Most of the lesions reported so far
were initially diagnosed as hepatoblastoma in needle
biopsies, and the histology was later reviewed owing to
the very unfavorable outcome after chemotherapy
designed for hepatoblastoma. Histologically, TLCT have
a rather complex pattern, with hepatoblastoma-like cells,
cells resembling those of HCC, and intermediate cell

Fig. 9.12 (a) Hepatoblastoma with cholangioblastic features.
Note the bile duct-like profiles in close association with hepato-
blastoma cells (hematoxylin and eosin stain). (b) In this cholan-
gioblastic hepatoblastoma, numerous cells are reactive for a bile
duct cell marker (cytokeratin 19 immunostain). (¢) Ductal plate
tumor consists of small hepatoid nodules (“liverlets”) associated
with cholangiocellular profiles mimicking components of a duc-
tal plate (the latter in red; cytokeratin 19 immunostain)
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forms (Fig. 9.13a). Multinucleated giant cells are a typical
feature (Fig. 9.13b). The cellular features of larger cells
vary from cholangiocyte-like elements (Fig. 9.13c) to
immature hepatoid cells (Fig. 9.13d). A biliary phenotype
is visualized by epithelial membrane antigen (EMA)
staining (Fig. 9.13e). Part of the tumors express

beta-catenin, with a mixed nuclear and cytoplasmic
expression pattern (Fig. 9.13f). The term, transitional, has
been proposed based on the hypothesis that the relevant
tumor cell might be located between a hepatoblast and a
hepatocyte, but this has to be analyzed in greater depth in
the future, and also with molecular methods.

Fig. 9.13 (a) Transitional liver cell tumor consisting of hepato-
blastoma-like cells and larger cells (hematoxylin and eosin stain).
(b) Transitional liver cell tumors frequently show multinucleated
giant cells (hematoxylin and eosin stain). (¢) This transitional
liver cell tumor exhibits cholangiocyte-like cells (hematoxylin
and eosin stain). (d) Transitional liver cell tumor with large and

poorly differentiated hepatoid cells (hematoxylin and eosin
stain). (e) The cholangiocyte lineage in this transitional liver cell
tumor is visualized by focal positivity for epithelial membrane
antigen (reactivity in red; EMA immunostain). (f) Nuclear and
cytoplasmic expression of beta-catenin in transitional liver cell
tumor (reactivity in red; beta-catenin immunostain)
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9.1.10 Tumors Possibly Related to the
Hepatoblastoma Tumor Family

Within pathology reviews of large international prospec-
tive studies on pediatric liver tumors, most of the neo-
plasms are classifiable, but a minority of the lesions will
not fit into known categories and may, therefore, be clas-
sified as NOS (not otherwise specified) until a precise
nosological assignment is possible. In addition, there are
novel tumor entities that seem to share certain features
with hepatoblastomas, although the exact relation
between the lesions is not yet known. According to this
author’s view, one of these tumors may be nested stromal

Fig.9.14 (a) Epithelial cell clusters surrounded by spindle cells
in nested stromal epithelial tumor of the liver (hematoxylin and
eosin stain). (b) The nested structures may contain psammoma-
tous calcifications and osteoid (hematoxylin and eosin stain). (c)
Epithelia of the nested structures are positive for cytokeratin
(reactivity in brown; cytokeratin 8 immunostain). (d) Normal
hepatic parenchymal cells express the hepatocyte marker, Hep

epithelial tumor of the liver (Heerema-McKenney et al.
2005; Meir et al. 2009; Rod et al. 2009), also termed
desmoplastic nested spindle cell tumor of the liver (Hill
et al. 2005). This is a hepatic neoplasm in infants and
older children and in young adolescents, associated with
Cushing syndrome in some of the patients and with a
variable course, one patient so far showing recurrence
and extrahepatic metastasis (Brodsky et al. 2008).
Histologically, nests of epithelial-like cells surrounded
by spindle cells showing calcifications and osteoid are a
hallmark (Fig. 9.14a and b). The epithelial cells express
cytokeratin 8 (Fig. 9.14c), but not a hepatocyte marker,
Hep Parl (Fig. 9.14d). Interestingly, the nested cells

Par 1 (brown; left bottom corner), In contrast, epithelia of nested
structures (to the right and top) are negative (Hep Par 1 immu-
nostain). (e) Beta-catenin reactivity (in part nuclear) in nested
stromal epithelial tumor (beta-catenin immunostain). (f) The
spindle cells surrounding the epithelial clusters are positive for
alpha-smooth muscle actin (brown; alphaSMA immunostain)
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Fig. 9.14 (continued)

exhibit nuclear and cytoplasmic positivity for beta-
catenin (own observations; Fig. 9.14e).The spindle cells
are positive for vimentin and alpha-smooth muscle actin
(myofibroblasts; Fig. 9.14f), suggesting abnormal epi-
thelial-mesenchymal transition and resembling the mor-
phology of a deranged liver bud. The epithelial nest cells
express ACTH (Heerema-McKenney et al. 2005; Rod
et al. 2009) and corticotropin-releasing hormone (Rod
et al. 2009), suggesting an ectopic ACTH syndrome
(EAS; Rod et al. 2009).

9.2 Pediatric Hepatocellular Carcinoma

9.2.1 Definition and Epidemiology

Hepatocellular carcinoma (HCC) is a primary malig-
nant tumor of the liver derived from hepatocytes. HCC
accounts for approximately 21% of all malignant liver
tumors diagnosed in children (Weinberg and Finegold
1983; Stocker 2001), but for only a minority of pediat-
ric solid tumors, as less than 1% of HCCs are diag-
nosed in patients younger than 20 years of age (Carriaga
and Henson 1995). So far, it is not yet known whether
pediatric HCC is the same or a disease different from
adult-type HCC (Czauderna 2002). HCC is more often
diagnosed in males, and mostly in children older than
10 years of age, representing the majority (87%) of
malignant liver tumors diagnosed in adolescents
(LaBrecque 1996; Darbari et al. 2003; SEER 2006).
However, typical HCC can also occur in young

children, including infants. Clinical presentation typi-
cally includes hepatomegaly and a palpable abdominal
mass, often associated with abdominal pain, anorexia,
abnormal liver enzymes, and AFP elevation, commonly
used as a tumor marker (Ishak and Glunz 1967; Lack
et al. 1983).

9.2.2 Etiology

Incidence of HCC is higher in children living in
endemic hepatitis B regions (Africa and South-East
Asia) (Bellani and Massimino 1993; Moore and
Hesseling 1997), commonly acquired perinatally, and
where incidence rates have significantly decreased due
to the implementation of immunization programs
(Montesano 2002; Chang 2003). Other common etio-
logical factors associated with adult HCC, such as
underlying liver disease and cirrhosis, HCV infection,
chronic alcohol abuse, and exposure to aflatoxin B1,
are not relevant etiologic factors for pediatric HCC.
Constitutional genetic and metabolic abnormalities are
more often associated with HCC diagnosed in children
from countries withlow HBV endemic rates (Table 9.2).
HCC was reported in approximately 18% of children
with hereditary tyrosinemia type 1 (fumarylacetoace-
tate hydrolase deficiency) (Weinberg et al. 1976;
Demers et al. 2003) before therapy was available.
Glycogen storage diseases, particularly type la, are
also associated with the development of hepatic tumors
in children, including HCC (Coire et al. 1987; Bianchi
1993; Siciliano et al. 2000).
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Table 9.2 Genetic syndromes and other abnormalities associated with hepatocellular carcinoma in children

Disease

Associated genes

Reference

Hereditary tyrosinemia

Glycogen storage diseases -

Familial adenomatous polyposis APC
Alagille syndrome Jagged-1
Other familial cholestatic syndromes FICI, BSEP
Neurofibromatosis NF-1

Ataxia telangiectasia ATM

Fanconi anemia

Other reported associations

TPN =
Osteogenesis imperfecta
Congenital hepatic fibrosis Several
Abnormal abdominal venous drainage -

Fumarylacetoacetate hydrolase

FAA, FAC, others (20%)

COLIAI, COLIA2 (CRTAP, LEPREI)

Weinberg et al. 1976; Demers et al. 2003
Bianchi 1993; Siciliano et al. 2000
Giardello et al. 1996

Kaufman et al. 1987

Taat et al. 2004

Ettinger and Freeman 1979

Weinstein et al. 1985

Abbondanzo et al. 1986; Touraine et al.
1993

Vileisis et al. 1982
Chandra and Stocker 1992
Manes et al. 1977

Simson 1982; Weinberg and Finegold
1983

APC, adenomatous polyposis coli; FIC1, familial intrahepatic cholestasis; BSEP, bile salt export pump; NF-1, neurofibromatosis,
type 1; ATM, ataxia telangiectasia mutated; FAA, Fanconi anemia complementation group A; FAC, Fanconi anemia complementa-

tion group C. type I; TPN, total parenteral nutrition

Familial adenomatous polyposis (FAP) caused by
germline mutation of the adenomatous polyposis coli
(APC) gene is typically associated with the develop-
ment of hepatoblastoma in children, and has also been
implicated in the pathogenesis of HCC and fibrolamel-
lar carcinoma (Kingston et al. 1982; Giardello et al.
1996), suggesting that APC mutations may confer a
general predisposition to tumorigenesis in the liver
(Thomas et al. 2003). APC and beta-catenin (CTNNB1)
mutations have been identified in benign precursor
lesions, hepatoblastomas, and HCC (Cieply et al.
2009), and the resulting canonical Wnt pathway con-
stitutional activation is now considerd a common
oncogenic pathway in liver tumors (Zucman-Rossi
et al. 2006).

HCC and cholangiocarcinomas have been obser-
ved in patients with familial cholestatic syndromes,
including Alagille syndrome (Kaufman et al. 1987;
Rabinovitz et al. 1989), and extrahepatic biliary atre-
sia with both HCC and HB in children (Taat et al.
2004). HCC has also been described in cirrhotic liv-
ers of children following parenteral nutrition (Vileisis
et al. 1982). Finally, pediatric liver tumors, including
HCC have been reported in association with
neurofibromatosis, ataxia-telangiectasia (Ettinger

and Freeman 1979; Weinstein et al. 1985; Geoffroy-
Perez et al. 2001; Ucar et al. 2005) and in patients
with Fanconi’s anemia treated with anabolic steroids,
with tumor regression observed with steroids with-
drawal (Abbondanzo et al. 1986; Touraine et al.
1993).

9.2.3 Pathology of Adult-Type
Hepatocellular Carcinoma

9.2.3.1 Gross Presentation

Macroscopic appearance of HCC depends on the pres-
ence of underlying liver disease, size of the tumor, and
intrahepatic vascular spread. The presence of cirrhosis
is much less common in pediatric than in adult HCC
patients. HCC can occur as a solitary, circumscribed
mass in one lobe of the liver, more frequently the right,
but more often involves both lobes of the liver. Tumor
lesions growing without underlying cirrhosis tend to
be large, nonencapsulated and exhibit an infiltrative
growth pattern, with intrahepatic metastases and
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Fig. 9.15 Hepatocellular carcinoma in a 16 year-old with mul-
tiple tumor nodules, necrotic foci, and vascular invasion

numerous tumor nodules (Fig. 9.15). The cut surface is
usually soft (with exception of the fibrolamellar vari-
ant) and bile-stained, different from hepatoblastoma,
with areas of necrosis and hemorrhage. Four main
gross growth patterns are recognized: expanding
(“pushing”) lesions; pedunculated (“hanging”) lesions;
invading lesions; and multifocal lesions (review:
Zimmermann 2000). Vascular spread is common and
the portal veins, hepatic veins or vena cava may be
involved; however, intrahepatic metastases are usually
through the portal veins (Ishak and Goodman 1999).
Invasion of the biliary ducts is not common, but may
cause biliary obstruction. Extrahepatic metastatic
spread, often to the lungs and rarely to the brain, occurs
via the hepatic veins (Katzenstein et al. 2002).

9.2.3.2 Histology of Adult-Type
Hepatocellular Carcinoma

Microscopically, HCC diagnosed in children are over-
all similar to those in adults (Ishak and Goodman 1999;
Farhi et al. 1983; Lack et al. 1983). Tumor cells vari-
ably resemble hepatocytes depending on the degree of
differentiation. The nuclear/cytoplasmic ratio is ele-
vated, and nuclei are usually prominent, irregular, and
hyperchromatic. Cytoplasm is usually eosinophilic
and granular, but may also appear clear, contain glyco-
gen, fat, Mallory bodies, or ground-glass-like inclu-
sions. Bile canaliculi are present in approximately half
of the tumors. The most common architectural pattern
in well and moderately well-differentiated HCC is the

trabecular (plate-like) pattern, with tumor cells grow-
ing in cords separated by sinusoid-like blood spaces
(Fig. 9.16a and b). A pseudoglandular and acinar pat-
tern is commonly found admixed with the trabecular
pattern. Cells can also be arranged as sheets without
sinusoids (solid pattern).

According to histological grade, HCC can be
classified into well-differentiated, moderately differ-
entiated, poorly differentiated, and undifferentiated
types (Hirohashi and Ishak 2000). Edmondson and
Steiner (Edmondson and Steiner 1954) proposed a
scale of I to IV with increasing nuclear irregularity,
hyperchromatism, and nuclear/cytoplasmic ratio,
associated with decreasing differentiation. Grading
can also be done by nuclear features alone or in com-
bination with microvascular invasion (Nzeako et al.
1995; Ishak and Goodman 1999). Reporting histo-
logical grade has been recommended for adult HCC
resection specimens; however, the association
between grade and prognosis and its clinical rele-
vance is not entirely clear (Lai et al. 1979; Dabbs
and Geisinger 2004).

Immunohistochemical stains used in combination
with histomorphology, even though not helpful in most
cases to distinguish HCC from hepatoblastoma or
benign lesions, may be useful to differentiate HCC from
other tumor types, including cholangiocarcinoma.
HepPar-1 (Hepatocyte Paraffin 1), although not com-
pletely specific for hepatocytes, shows characteristic
cytoplasmic granular staining in approximately 90% of
HCCs. Identification of a canalicular pattern using car-
cinoembryotic antigen (polyclonal CEA) is also useful
to differentiate HCC from other malignancies. Alpha-
fetoprotein (AFP) is usually elevated in the serum of
hepatoblastoma and HCC patients, and often focally
present in the tumor cells. Hepatocytes express cytok-
eratins 8 and 18, while biliary epithelium expresses
CK7, CK19, CK8, and CK18, but aberrant cytokeratin
expression in HCC and cholangiocarcinoma tumor cells
limits the use of these antibodies for tumor classification
(Wu et al. 1996). CD34 positive immunostaining of the
sinusoids can be helpful to distinguish well differenti-
ated HCC from regenerative nodules, but not adenomas
(Gouysse et al. 2004; Varma and Cohen 2004). Glypican
3 is a novel serum and histochemical marker for hepato-
cellular carcinoma identified by expression profiling.
Glypican 3 (GPC3), a heparan sulfate proteoglycan, is
expressed at a markedly elevated level in hepatocellular
carcinoma and a promising marker for hepatocellular
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Fig. 9.16 (a) Moderately differentiated HCC in a patient with
hereditary Tyrosinemia. (b) Poorly differentiated HCC in a 7
year-old, arising in a non-cirrhotic liver. Tumor cells grow in
cords and macrotrabecular array, forming pseudoacini and tubules

carcinoma in routine histological examination, and as a
potential target in monoclonal antibody-based hepato-
cellular carcinoma therapy (Fig. 9.16¢) (Capurro et al.
2003; Yamauchi et al. 2005). Beta-catenin immunos-
taining shows strong cytoplasmic positivity in HCC
(Fig. 9.16d).

9.2.4 Fibrolamellar Hepatocellular
Carcinoma

The fibrolamellar variant of HCC constitutes a distinc-
tive clinical and histological variant of HCC that occurs
almost exclusively in adolescents and young adults,
accounting for almost a third of HCCs diagnosed in

focally. Note the abundant mitoses. (¢) Glypican staining of the
same tumor showing variable cytoplasmic positivity. (d) B-catenin
staining demonstrating strong cytoplasmic positivity in the tumor
and membranous staining in the surrounding compressed liver

patients below 20 years of age (Farhi et al. 1983; Lack
et al. 1983; Haas et al. 1989; El-Serag et al. 2003). The
incidence of fibrolamellar HCC is similar in males and
females, and characteristically presents in patients
without cirrhosis, hepatitis, metabolic, or other under-
lying chronic liver disease. These tumors are usually
slow growing, present with minimal elevation of or
normal serum AFP, and are often resectable or curable
by transplantation, with an overall 5 year survival that
exceeds 55% in most series (Soreide et al. 1986; Pinna
et al. 1997). However, and although originally thought
to carry a better prognosis, this is likely due to the
absence of associated cirrhosis (Kakar et al. 2005). A
recent study of the Pediatric Intergroup Hepatoma
Protocol INT-0098 demonstrated, unlike previous
reports, that children with fibrolamellar HCC do not
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have a favorable prognosis and do not respond any dif-
ferently to current therapeutic regimens than patients
with typical HCC at similar stage (Katzenstein et al.
2003).

On gross examination they are well circumscribed,
firm masses with characteristic radiating fibrous sep-
tae, resembling focal nodular hyperplasia (Fig. 9.17a).
Their characteristic microscopic appearance consists
of cords and nests of large neoplastic hepatocytes with
granular oncocytic cytoplasm, separated by dense
hyalinized collagen bands (Fig. 9.17b). Some of the
cells contain so-called pale bodies.

Foci of conventional HCC and of adjacent areas of
focal nodular hyperplasia have been described associ-
ated with this lesion (Saul et al. 1987; Berman et al.
1988). Staining for CK7, CEA, fibrinogen, and copper
is commonly found in fibrolamellar HCC (Lefkowitch
et al. 1983).

9.2.5 Differential Diagnoses

The most common differential diagnosis of pediatric
HCC is hepatoblastoma and rarely other metastatic
lesions, including carcinomas in older children.
Cytologic atypia may be variable in pediatric HCC, as
in adult HCC, but cells are in general larger than in
hepatoblastoma, bile producing, with more prominent
cytologic atypia and nuclear pleomorphism, and
often abnormal mitoses present. Other characteristic

Fig. 9.17 (a) Well circumscribed, sclerotic appearing fibrola-
mellar carcinoma, with characteristic central radiating scar. (b)
Fibrolamellar carcinoma with characteristic dense fibrous

histologic features of hepatoblastoma, such as coexis-
tence of histologic patters, extramedullary hematopoie-
sis, and mesenchymal components, are not usually seen
in HCC.

Hepatic adenomas occur in older children, and may
be challenging to differentiate from other lesions,
including well-differentiated HCC, particularly in small
biopsies. Adenomas arise from non-cirrhotic livers and
may be multiple, such as those seen in patients with gly-
cogen storage disorders. In resection specimens a push-
ing border and, occasionally a capsule, may be identified
surrounding sheets and cords of hepatocytes larger and
usually paler than surrounding hepatocytes, and com-
monly containing cytoplasmic glycogen or fat.
Immunohistochemical staining for proliferation mark-
ers such as Ki67 or endothelial markers (CD34) may be
diagnostically useful (Libbrecht et al. 2001; Gouysse
et al. 2004). Hepatic adenomas may sometimes be dif-
ficult to differentiate from focal nodular hyperplasia,
particularly in small biopsies.

Fibrolamellar HCC can be clinically and radiograph-
ically difficult to differentiate from focal nodular hyper-
plasia, due to its indolent course and typical central scar.
However, in most cases microscopic diagnosis can be
easily made by its distinctive histologic features.

Lastly, it is worth mentioning that patients with
both hepatoblastoma and HCC have been simultane-
ously described, and simultaneous presence of ade-
nomas and HCC is not uncommon, particularly in
patients with glycogen storage disorders (Parker et al.
1981; Coire et al. 1987).

stroma separating cords and nests of neoplastic hepatocytes with
abundant eosinophilic cytoplasm
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9.2.6 New Knowledge on
Pathogenic/Molecular Pathways

The molecular genetic alterations associated with the
multistep process of hepatocarcinogenesis have been
extensively studied (Bannasch 1996; Buendia 2000;
Thorgeirsson and Grisham 2002, review: Zimmermann
2006; Aravalli et al. 2008). However, little knowledge is
available regarding the biology of pediatric HCC, a dif-
ferent and heterogeneous group of tumors often occur-
ring without underlying liver disease, and not associated
with common HCC etiological factors seen in adults,
with the exception of HBV infection. Hepatitis B virus
is a hepatotropic DNA hepadnavirus associated with a
lifetime risk of HCC for children infected at birth, of
approximately 50%. Integration of HBV in the host
genome has been proposed as a possible oncogenic
mechanism for a proportion of patients (Matsubara and
Tokino 1990; Wang et al. 1990), possibly through chro-
mosomal instability (Bréchot 2004).

Genetic studies of mostly adult HCC have demon-
strated multiple chromosomal abnormalities, predomi-
nantly losses, in contrast to HB with few characteristic
chromosomal changes, commonly trisomies (Wong
et al. 2000). Increased chromosomal instability has
been reported in tumors associated with hepatitis B
virus infection. Most common chromosomal losses are
on chromosomes 17p, 13q, 9p, 6q, and 16p. LOH is
common in adult HCC and frequently involves tumor
suppressor genes, with deletions reported most com-
monly at 8p (48%), 17p (45%), 4q (38%), 1p (33%),
13q, 16q, 6q, 16p, 1g, and 9p with a frequency higher
than 20% (Buendia 2002; Tornillo et al. 2002).

Alterations common to HCC and hepatoblastoma
include gain of chromosomes 1q, 8q, and 17q, and loss
of 4q. Another important common feature shared by
the two tumor types is the frequent activation of Wnt/
beta-catenin signaling by stabilizing mutations of beta-
catenin (Buendia 2002) (Fig. 9.1e). Recent application
of array CGH technology (Lopez-Terrada et al. 2009b)
has been proposed as a genomic profiling tool appli-
cable to surgical specimens, and useful for the differ-
ential diagnosis of HCC versus hepatoblastoma.

Genetic analysis of fibrolamellar HCC demonstrated
fewer chromosomal abnormalities compared with those
reported in literature for conventional hepatocellular
carcinoma, with most common abnormalities on chro-
mosomes 7 and 8. Fibrolamellar carcinomas with chro-
mosomal changes appear to behave more aggressively
than cases with normal karyotypes (Wilkens et al. 2000;

Kakar et al. 2009). Epigenetic studies of a series of
fibrolamellar HCCs demonstrated that genomic insta-
bility is rare in this variant when compared with viral-
associated hepatocellular carcinomas (Vivekanandan
et al. 2009). Signaling pathway analysis has demon-
strated overexpression of genes in the RAS, MAPK,
PIK3, and xenobiotic degradation pathways in this
group of HCCs (Kannangai et al. 2007).

In recent years, numerous studies have aimed at
identifying critical signaling pathways involved in hepa-
tocarcinogenesis, and particularly hepatitis-associated
HCC. Some of the most relevant, aberrantly activated
pathways include the P53 pathway, mitogen-activated
protein kinase (MAPK), Wnt/beta-catenin, epidermal
growth factor (EGF), and transforming growth factor-
beta (TGFbeta) pathways (Anders et al. 2003; Lee and
Thorgeirsson 2005). Several gene expression profiling
studies have specifically addressed differences between
clinical HCC subtypes and searched for biomarkers that
could serve as prognostic predictors, or therapeutic tar-
gets (Lau et al. 2000; Graveel et al. 2001; Okabe et al.
2001; Shirota et al. 2001; Delpuech et al. 2002; Lee and
Thorgeirsson 2004). A recent study identified differen-
tially expressed genes in HCC versus hepatoblastoma,
and between tumors and adjacent liver (Luo et al. 2006).
Other high throughput technologies (proteomics, metab-
olomics, micro RNA profiling) have also been applied
recently to study the biology of HCC (Blanc et al. 2005;
Li et al. 2005; Yang et al. 2008).

9.2.7 Conclusion

Unfortunately, most of these studies are aimed at inves-
tigating adult HCC, and it is not clear how much of
what we have learned from these applies to those diag-
nosed in pediatric patients. Pediatric HCC is a rare,
heterogeneous disease, and very little is understood
today regarding how genetic predisposition, metabolic
disorders, cholestasis, or even potential exposures dur-
ing infancy and childhood, participate in the carcino-
genesis of these rare group of tumors.

The diagnosis and clinical management of pediatric
HCC still represents a tremendous challenge. Only by
collaborative efforts and by incorporating new biologic
parameters and traditional diagnostic algorithms, simi-
lar to other pediatric neoplasms, will it be possible to
improve diagnosis, clinical stratification, and sucess-
full treatment of pediatric HCC patients.
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