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Primary hepatic tumours in children represent an heterogeneous group of neoplasms. Malignant
tumours are more common (60% of primary liver tumours), but account for only 1.2-5% of all pae-
diatric neoplasms. There are two main types of malignant tumour, those of epithelial origin, hepato-
blastoma (HB) and hepatocellular carcinoma (HCC), and the rarer mesenchymal tumours, e.g.
rhabdomyosarcoma and undifferentiated sarcoma, (Weinberg AG, Finegold, MJ. Primary hepatic
tumours of childhood. Hum Pathol 1983, 14, 512-532). Vascular tumours e.g. haemangioendothelio-
mas are the most common of the benign tumours followed by mesenchymal hamartoma and the rare
hepatic adenoma and focal nodular hyperplasia. This article will concentrate on the malignant epi-

thelial tumours. © 1999 Elsevier Science Ltd. All rights reserved.
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AETIOLOGY

THE INCIDENCE of hepatoblastoma (HB) throughout the
world is fairly constant at 0.5-1.5 cases per million children.
In most countries hepatocellular carcinoma (HCC) is less
common than HB, but there is considerable geographic var-
iation with rates ranging from 0.2 per million in England and
Wales to 2.1 per million children in Hong Kong. In some
populations e.g. Hong Kong and Taiwan HCC occurs more
frequently than HB [2]. The aetiology of HB is largely
unknown. It is considered to be an embryonic tumour whose
genesis is thought to be related to a derrangement of the
normal mechanism of cell proliferation and differentiation
during hepatic organogenesis.

Cytogenetic abnormalities

Cytogenetic analysis of HB has been performed on a lim-
ited number of cases and only a few consistent chromosomal
aberrations have been uncovered. Among these the most
commonly found are trisomies of chromosome 20, 8 and of
chromosome arm 2q (15-18), and the presence of double
minute (3-D amplified genes) chromosomes (15, 17, 19)
indicating gene amplification and possibly over-expression of
oncogenes [3]. An unbalanced translocation between the
long arm of chromosome 1 and 4, causing a partial trisomy of
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the large part of the long arm of chromosome 1 and a monos-
omy of the long arm of chromosome 4 has been reported by
independent investigators. As many genes involved in cell
growth regulation are located in the translocated 4p32 region
and because this is the region of integration of the hepatitis B
virus (HBV) in 10% of adult HCC, it is thought that this area
may disclose important genes for HB development. Ten cases
of HB with chromosome 1 abnormalities have been reported
with a breakpoint at the 1q12-1g21 region.

Molecular genetic abnormalities

In HB, cytogenetic and loss of heterozygosity (LOH) ana-
lyses have uncovered frequent deletions of the short arm of
chromosome 1 [4]. LOH on the distal part of chromosome Ip
with a common region mapped to 1p35-p36 has also been
described in HCC. This may indicate that subsets of HB and
HCC share a molecular pathway in their pathogenesis.
Notably, neither patients with Beckwith-Wiedemann syn-
drome (BWs) nor patients with familial HB show LOH on
chromosome 1. Deletions of the long arm of chromosome 1
have also been found with a common region of overlap in
1931 and 1g42-3. Thus, the data suggest the location of sev-
eral putative tumour suppressor genes in HB at both the long
and the short arm of chromosome 1. Unlike many tumours of
adulthood, including 25-30% of HCC, the p53 gene has not
been found to be altered in any of 50 independently studied
HBs [5]. Loss of heterozygosity of chromosome 11p15.5
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region, molecular genetic LOH and restriction fragment
length polymorphism (RFLP) analyses have also indicated
allelic loss of the chromosomal region 11p. This region is
frequently altered in BWs patients. BWs is associated with a
generally increased risk of developing embryonic tumours
such as rhabdomyosarcoma, HB and Wilms’ tumour (WT).
LOH has been demonstrated at the 11p15.5 locus, which is
also linked to BWs. HBs have been less intensively studied
than WT, but frequent allelic loss in 11p15.5 has also been
demonstrated in HB. Interestingly, LOH involved exclusively
the maternal allele [6].

Risk factors

Most cases of HB appear to be sporadic but familial cases
occasionally occur [7]. As well as the association between BW
and HB mentioned above, there is known to be an association
between familial adenomatous polyposis (FAP) and HB. FAP
has been reported in relatives of children affected by HB as
well as in some long-term HB survivors [8]. Patients with HB
who later in life develop FAP also exhibit congenital hyper-
trophy of the retinal pigment epithelium (Gardner syn-
drome), which can be used as a marker for identifying carriers
of the adenomatous polyposis coli gene.

Several recent papers have noted a possible association
between very low birth weight and HB. In a review of the
birth weights of all children with cancer enrolled into the
Japanese Children’s Cancer Registry from 1985 to 1993,
there was an over-representation (58% of cases) of HB
among children with cancer who had an extremely low birth
weight [9]. Data from the U.S.A. shows a notable increase in
the incidence of HB diagnosed among children less than
5 years of age during the period 1973-1992 [10]. This coin-
cides with a period of marked improvement in survival of low
birth weight infants. Further investigation is needed to
determine whether factors associated with prematurity may
play a role in the development of hepatoblastoma.

Hepatoblastomas almost always arise in an otherwise normal
liver. Hepatocellular carcinoma, by contrast, is frequently asso-
ciated with cirrhosis or another pre-existing parenchymal liver
disorder [11]. The association of hepatitis B infection and HCC
in adults has been well documented, and there are increasing
numbers of reports of this association in children. Chen and
colleagues demonstrated 100% positivity for HbsAg in 25
children with HCC in Taiwan [12]. Southeast Asia is a high
prevalence area for HBV infection, but HbsAg in association
with HCC in children has also been reported in Europe [13].

PATHOLOGY

Hepatoblastoma is an embryonic tumour containing hepa-
tic epithelial parenchyma and/or mesenchymal components.
Based on the epithelial components, four major histological
subtypes are identified (fetal, embryonal, macrotrabecular
and undifferentiated), whereas the two mixed sub-types are
distinguished by the presence or absence of teratoid features
[14]. Epithelial components are frequently intermixed, but
each may exclusively comprise a tumour. The significance of
the histological subtype of HB as a prognostic factor is still
under investigation [15,16]. HCCs are of two main types,
those resembling adult HCC with a trabecular pattern up to
20 layers of cells thick. The cells are usually larger than those
of the surrounding liver, but vary markedly in size. Giant cells
are common and mitoses frequent. Evidence of cirrhosis is
seen in the non-tumorous liver in 10-70% of cases [17]. The
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fibrolamellar variant of HCC, which is probably a distinct
clinicopathological entity, invariably arises in a non-cirrhotic
liver. The two distinctive features of this epithelial tumour
are: (i) tumour cells with eosinophilic cytoplasm; and (ii)
broad fibrous septa dividing the hepatocytes into thin col-
umns of cells or large nodules. Mitotic figures are rare [18].

CLINICAL PRESENTATION, DIAGNOSIS AND
STAGING

HB is a tumour of very young children. The median age of
presentation is approximately 16 months; with congenital
cases commonly included in every series so far published.
However, cases in adolescents and adults have also been
described. HCC, by contrast, is a tumour of older children
with a peak incidence between 10 and 14 years. A male pre-
valence, especially for HCC, has been reported. HB may
present as an asymptomatic abdominal mass. Weight loss,
anorexia, vomiting and abdominal pain are usually a hallmark
of advanced disease. Rare presenting features are pseudo-
precocious puberty and the clinical stigmata of BWs [19].
HCC also presents as an abdominal mass or abdominal dis-
tension. Jaundice and abdominal pain may occur, especially
in those patients with underlying liver disease.

Laboratory findings

Many patients are anaemic at diagnosis and thrombocy-
tosis is common, especially in HB. The platelet count may be
>1000x10°/1, probably due to production by the tumour of
a circulating ‘thrombopoietin’ [20]. Alpha fetoprotein (oFP)
is produced by the normal fetal liver and, although present in
decreasing amounts in the serum of babies up to 6 months
old, is not normally detected in the serum of older children
and adults [21]. An elevated level of serum oFP is found in
more than 90% of cases of HB and 60-90% of HCC. Itis a
very sensitive tumour marker but not specific to hepatoma as
elevated levels are also found in patients with malignant germ
cell tumours, especially those containing yolk sac elements
and some immature teratomas. Rarely HB cells secrete
human chorionic gonadotrophin hormone (BHCG) causing
virilisation in boys [22]. In patients with the fibrolamellar
variant of HCC, serum oFP is normal but unsaturated vita-
min B12 binding capacity is a useful tumour marker [23].

Radiological findings

The universal finding is a solid, usually non-cystic, intra-
hepatic mass documented by abdominal ultrasound, compu-
ter tomography scan (CT) and magnetic resonance imaging
(MRI). Usually, on abdominal ultrasound, hepatocellular
tumours are hyperechoic compared with the surrounding
normal parenchyma. Abdominal CT scanning delineates the
tumour which is characteristically of low attenuation com-
pared with the surrounding liver. Involvement of the hepatic
veins, inferior vena cava or portal vein is best seen after con-
trast enhancement. MRI gives definition of tumour and
hepatic veins without intravenous (i.v.) contrast and permits
assessment of the segmental extent of the tumour [24]. Lung
CT scanning may reveal metastases not visible on chest X-
ray. Bone metastases are so rarely reported at diagnosis that a
bone scan is not usually part of the initial investigations.

Driagnosis
The combination of the clinical findings of young age
(between 6 months and 3years), elevated serum oFP,



Paediatric Update

thrombocytosis and an intrahepatic abdominal mass is con-
sidered almost pathognomonic of HB. Thus, many investi-
gators argue that in these circumstances a surgical biopsy is
not necessary to confirm the diagnosis. In fact in this age
group, only anecdotal cases of intrahepatic primary malignant
germ cell tumours or of HCC can be considered in the dif-
ferential diagnosis of an oFP-producing intrahepatic mass.
For patients less than 6 months or over 3 years of age histo-
logical diagnosis is always recommended. In the very young
child (less than 6 months of age) oFP can be physiologically
elevated; furthermore, other tumour types should be con-
sidered, mainly mesenchymal hamartoma (though this
tumour is usually cystic) or haemangioendothelioma (even
though this tumour usually has typical radiological findings);
in children older than 3years biopsy is necessary to distin-
guish between HB and HCC.

Staging

A universally accepted staging system for childhood hepato-
cellular tumours does not exist. This reflects the different
approach to treatment adopted by the different study groups.
The North American Co-operative Study Groups on HB
favour a therapeutic approach based on primary surgery.
They use a staging system based on the results of the initial
attempt at complete resection of the tumour mass. Thus,
four stages are identified: stage 1 complete resection, no
microscopic residual disease, stage II microscopic residual,
stage III macroscopic residual disease; and stage IV distant
metastases.
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Figure 1. The PRETEXT Pretreatment Extent of Disease
system for staging paediatric liver tumours.
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This surgical staging system is in contrast to that used by
the Liver Tumour Study Group of the International Society
of Paediatric Oncology (SIOPEL), whose therapeutic strat-
egy is based on primary chemotherapy. The PRETEXT sys-
tem (pre-treatment extension of disease) describes the site
and size of the tumour, invasion of vessels, and distant
spread, as judged by pretreatment imaging with ultrasound,
CT scans and MRI (Figure 1). The system identifies four
PRETEXT categories (I-IV) which reflect the number of
sections of the liver that are free of tumour, and describes the
extension of the disease beyond the liver using the following
letters, ‘V’ if the tumour extends into the vena cava and/or all
three hepatic veins, ‘P’ if the main and/or both left and right
branches of the portal vein are involved by tumour, ‘E’ if
there is evidence of extra hepatic intra-abdominal disease and
‘M’ if there are distant metastases [25].

MANAGEMENT AND PROGNOSIS

For both HB and HCC only complete resection of the
tumour offers a chance of cure. However, surgery alone will
cure very few patients. More than half of the patients present
with unresectable primary tumours or distant metastases. In
the early series of patients treated with surgery alone, there
was a 30% relapse rate in those patients whose tumour could
be completely resected [26]. Evidence that HB is a chemo-
sensitive tumour began to accumulate in the early 1970s
when responses were seen to combinations of cyclopho-
sphamide, vincristine, 5-fluorouracil and actinomycin-D
[27], but not until the introduction of cisplatin- and doxor-
ubicin-containing regimens was there a major impact on sur-
vival. Chemotherapy may reduce tumour volume making the
tumour resectable and may lead to the complete dis-
appearance of lung metastases. The tumour response rate to
the present cisplatin-containing chemotherapy regimens var-
ies from 70 to 90% according to the different series [28-32].
Chemotherapy not only makes the tumour ‘smaller’ and
consequently more likely to be completely resected, but also
more solid, less prone to bleed and more demarcated from
the remaining healthy liver parenchyma. Because of all these
reasons some study groups currently recommend starting
treatment, after biopsy, with preoperative chemotherapy,
deferring definitive surgery until after 2 to 3 months of ther-
apy. This is the treatment philosophy adopted by the SIOP
Liver Tumour Group. In the SIOPEL 1 study [31] 134 HB
patients were treated with preoperative chemotherapy (cis-
platin, CDDP and doxorubicin, DOX), 113 of them (85%,
95% CI (confidence interval) 78-90%) had a tumour volume
reduction, subsequently 95 had complete tumour resection
upon delayed surgery (69%, 95% CI 61-77%). The complete
resection rates of other modern series vary between 60 to
90% [29,30,32]. In contrast to the SIOP approach, the
North American Study Groups still recommend primary sur-
gery, whenever possible, as initial treatment. No controlled
comparison has been done between the two therapeutic stra-
tegies, primary chemotherapy versus primary surgery, in
terms of overall survival rates. However, the present survival
rates of the different study groups are comparable, projecting
3-year overall survival rates, regardless of the first therapeutic
modality used, of 62 to 70%. The different chemotherapy
regimens used by the various study groups, with the respec-
tive survival data reported, are summarised in Table 1.

All groups give doxorubicin as a continuous i.v. infusion
over 24-72h in the hope of reducing cardiotoxicity.
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Table 1. Treatment results of the principal prospective cooperative studies of childhood hepatoblastoma

Main treatment strategy Partial response

Macroscopic Survival

Study group [Ref.] Years Number of patients CT regimen to CT complete resection
CCG-823 [29] 1986-1989 33 Primary surgery 76% 70% Primary and 2-year estimated
Stage II 8, stage III 15, Cisplatin Doxorubicin 2nd look surgery  survival 66.6%
stage IV 10
POG 18697 [30] 1986-1989 60 Primary surgery 92% 77% Primary and 3-year DFS
Stage I (UH) 16, II 5, Cisplatin, vincristine  Stages III and IV 2nd look surgery stage I (UH)
stage 111 31, IV 8 5-fluorouracil and I 91%
stage III 67%
stage IV 12.5%
Intergroup 1989-1992 173 Primary surgery Not known Not known 3-year OS 71%
Hepatoma Stage I, 42, stage I1 7, Cisplatin, vincristine 3-year ES 63%
Study [33] stage III 82, stage IV 42  5-fluorouracil versus
cisplatin, doxorubicin
GPOH HB89 [32] 1989-1993 72 Primary surgery 98% 91% Primary and  DFS (median
Stage I 21, stage II, 6, Ifosfamide, cisplatin, Stages III & IV 2nd look surgery  follow up 64 m)
stage III 38, stage IV 7 doxorubicin stage 1 100%
stage IT 50%
stage IIT 71%
stage IV 29%
SIOPEL 1 [31] 1990-1994 155 Primary chemotherapy 83% 69% delayed 2-year OS 79%

Pretext I 8%
Pretext IT 36%
Pretext III 37%
Pretext IV 19%

Cisplatin, doxorubicin

surgery

OS, overall survival; DFS, disease-free survival; EFS, event-free survival; CT, chemotherapy; UH, unfavourable histology.

However, continuing concern over the potential cardiotoxi-
city of doxorubicin, especially when given to infants, led to
the POG 8697 study using cisplatin in combination with
vincristine and 5-fluorouracil (CDDP/VCR/5-FU) [30]. This
was followed by an Intergroup randomised study comparing
this regimen to the cisplatin/doxorubicin (CDDP/DOX)
combination used by the CCSG in the early 1980s [29].

The results, so far published only in an abstract format,
have failed to show any differences in terms of overall and
disease-free survival between the two arms, but with a defi-
nite advantage for the CDDP/VCR/5-FU arm in terms of
reduced toxicity, especially anthracycline-related cardiotoxi-
city [33]. The SIOP Liver Tumour Study Group in their first
study (SIOPEL 1) [31] using preoperative CDDP/DOX did
not experience the same toxicity reported by the American
Study Groups, perhaps due to a slightly lower total dose of
doxorubicin.

HCC does not appear to be as chemoresponsive as HB
although response to CDDP/DOX chemotherapy has been
documented. 8 of 14 patients with HCC in the CCSG study
had a partial response to this chemotherapy, although only 2
then achieved a complete resection [29]. In the SIOPEL 1
study 50% of patients showed some shrinkage of tumour and
58% showed a >1 log fall in oFP in response to CDDP/
DOX. 35% of these patients had complete resection of pri-
mary tumour [31].

WHAT THE FUTURE HOLDS
Very few clinical characteristics have been universally
accepted as prognostic factors for childhood HB, but all
groups agree that intrahepatic tumour extent and distant
metastases are prognostic factors. In the SIOPEL 1 study
patients were grouped into one of four PRETEXT categories

according to whether one, two, three, or four hepatic sections
were involved by tumour. Three-year event-free survival for
patients with PRETEXT IV tumours was 44% compared
with 100, 83 and 59% for patients with PRETEXT I, II, and
IIT tumours, respectively. Presence of metastases at diagnosis
was also associated with a worse prognosis, with 28% 3-year
event-free survival compared with 77% for those without
metastases [34]. As a result of these findings, in the SIOPEL
3 study, patients with HB are treated according to ‘risk’
category. Patients with localised HB (PRETEXT I-III),
without evidence of extrahepatic disease (standard risk) are
randomised to receive preoperative chemotherapy CDDP/
DOX or CDDP alone. The monotherapy arm was piloted in
35 HB patients in the SIOPEL 2 study [35]. In this study, a
response rate of 77.8% has been obtained. ‘High risk® HB
patients, those with PRETEXT IV tumours or evidence of
extrahepatic disease, are treated with an intensive regimen
based on a 15 day regimen of carboplatin/doxorubicin alter-
nating with CDDP.

Other clinical characteristics have been proposed as pos-
sible negative prognostic factors, including a normal or
exceedingly high (over 1000000 pg/l) aFP at diagnosis, vas-
cular invasion and the tumour growth pattern within the liver
(i.e. solitary nodule or multifocal tumour) [36]. All these
factors need further investigation. The timing and magnitude
of aFP decrease, in children with unresectable or metastatic
HB, have also been correlated with long term outcome. Van
Tornout and colleagues found that those children who had
less than a 2 log decrease of the initial serum oFP value dur-
ing preoperative chemotherapy and before surgery had a
much worse outcome compared with children with a more
significant reduction in the oFP value [37]. These findings
need confirmation by other groups.
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The role of orthotopic liver transplantation in the treat-
ment of HB and HCC also needs to be clarified. In the SIO-
PEL 1 study 11 children affected by HB have been
transplanted. Out of these 11 children, 9 are presently alive
without evidence of disease at a median follow-up from
diagnosis of 46 months (range 28-54), 2 died, 1 of tumour
recurrence and the other from vascular complications after
transplant. The patient who died of tumour was the only one
transplanted at the time of (the first) tumour recurrence. 2
children with HCC were transplanted, 1 because of a PRE-
TEXT IV tumour and the other because of underlying
metabolic liver disease. Both patients are alive with no evi-
dence of disease at 55 and 40 months, respectively. Ortho-
topic liver transplantation should be considered for patients
who respond to chemotherapy but whose tumour remains
unresectable. Owing to the shortage of donor organs, patients
should be selected with extreme care and the procedure car-
ried out in a quaternary referral centre. Some centres are
using living related donors.

The prognosis for most patients with HCC remains poor
and more effective chemotherapy is needed for those patients
who present with unresectable disease at diagnosis. Some
centres in Japan and the U.S.A. advocate the use of intra-
arterial chemotherapy or chemoembolisation, but there is no
evidence in children that this form of treatment is more
effective than i.v. therapy with the same drugs. Co-operation
with adult studies may be the way forward for this rare
childhood tumour.

Much progress has been made in the past two decades in
the treatment of children with these tumours, especially HB.
This has been brought about by national and international
cooperation of paediatric oncology centres. It is only through
a continuation of this collaboration, gathering information
from a large number of patients, that we will be able to
increase our knowledge of the behaviour of these tumours
and so improve our care of these children.
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Commentary
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PRIMARY TUMOURS of the liver occur rarely during childhood,
comprising only 0.8-1% of all neoplasms in this age group.
Most of these tumours are malignant. In fact, hepato-
blastoma and hepatocellular carcinoma (HCC), growing
from developing or adult hepatocytes, respectively, are the
most important of these. Despite this fact, other entities are
more common in some age groups, such as benign hae-
mangioendotheliomas during the neonatal period.

In recent years, new insights into tumour biology and
impressive improvement in clinical results have increased
interest in hepatoblastoma as a typical malignancy of early
childhood. Although it is true that the aetiology of hepato-
blastoma is largely unknown, there exists increasing evidence
that this tumour arises and differentiates from early hepatic
progenitor cells, which in animal models are known as oval
cells [1]. The reasons for malignant transformation of these
immature liver cells, presumably during prenatal life, is not
known. However, molecular genetic results indicate that sev-
eral different genes act as putative tumour suppressor genes
in the fetal liver, one of these being located at chromosome
11p 15.5, as has been mentioned in the Paediatric Update by
Perilongo and Shafford above. Very recent findings have
shown that stabilising and activating mutations of the B-cate-
nin gene are important for the growth of many hepato-
blastomas [2]. Interestingly, B-catenin is the target protein for
the APC protein. This suggests that the molecular link
between familiar polyposis coli and hepatoblastoma may be
found here. Although far from being clear, these recent
molecular findings make one suspect that there exist several
biological ‘types’ of hepatoblastomas with different clinical
behaviour, which are not clearly identified by conventional
histology and immunotyping. Thus, prognostic groups are
still most clearly defined by macroscopical findings, such as
the growth pattern in the liver, vascular invasion and metas-
tasising growth [3]. The recent finding mentioned in the
Update, that very low birth weight may be associated with
increased risk of hepatoblastoma, seems to be most important
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in this context. Further clinical analysis and biological
research are important in order to clarify this aspect.

Alpha-fetoprotein is secreted by the majority of hepato-
blastomas and is a typical serological marker for this tumour.
Measuring this protein is very effective for monitoring ther-
apy and the rate of decrease is a good indicator of patients’
outcome. It has to be noted, however, that absolute values are
not directly related to outcome, since both exceedingly high
and normal low levels are associated with a poor prognosis
[3].

The introduction of multi-agent neo-adjuvant chemo-
therapy had a dramatic effect on treatment results in hepato-
blastoma. Therefore, currently cytotoxic drugs are an
essential part of therapy protocols in all cooperative trials,
and there is a strong trend towards increasing primary chemo-
therapy and delaying surgery. The new strategy of the SIO-
PEL protocol to reduce neo-adjuvant treatment to
monotherapy with cisplatin, as mentioned in the Update, is
being sceptically observed by many paediatric oncologists. It
is known that hepatoblastomas develop resistance against
cytotoxic drugs quite rapidly by upregulating several different
molecular drug resistance mechanisms [4]. This is also the
reason why not all groups follow the concept of prolonged
neo-adjuvant chemotherapy for ‘high risk’ hepatoblastomas,
but rather try to improve outcome of these patients by inten-
sifying ‘short term’ chemotherapy, utilising high dose sched-
ules and autologous stem cell rescue, to be followed by
aggressive surgery or liver transplantation. The future will
show which of these strategies will render superior results.

Nevertheless, it should be pointed out that surgery is still
the mainstay of therapy in hepatoblastoma. It has been shown
in all cooperative trials that after chemotherapy, the majority
of all tumours are resectable, with a relatively low risk of
severe surgical complications. Clinical and recent experi-
mental data from our laboratory indicate that postresectional
regeneration of the liver may induce growth of vital residual
hepatoblastoma tissue presumably under the influence of
cytokines. Therefore, resections of untreated tumours should
not be attempted because of the risk of residual tumour or



