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As in the geriatric population, early childhood is the
period of life with a high risk of su�ering from malig-
nant disease. However, in contrast to adults, in infants
and young children so-called embryonal tumours pre-
dominantly occur, which display fundamental di�er-
ences in their biology compared with adulthood cancers.
These tumours, which are derived from undi�erentiated
embryonal tissue compartments, are characterised by
extremely rapid growth and an often high sensitivity to
cytotoxic drugs and also sometimes radiation. One of
the rarer neoplasms of this group is hepatoblastoma, an
embryonal liver tumour [1]. It occurs with an incidence
of 0.7±1 case per million children under 15 years of age
in Western countries [2], and still is the most common
liver tumour during childhood in Europe and North
America.
Hepatoblastoma particularily a�ects children between

6 months and 3 years of age. Because of missing clinical
symptoms during early growth, these patients often
present with locally extended tumours. Distant metas-
tases, however, usually occur very late in advanced dis-
ease stages. Approximately 30% of patients have highly
elevated serum levels of alpha-fetoprotein (aFP), which
is a sensitive diagnostic marker and can be used to
monitor therapy. Histologically, all hepatoblastomas
are composed of epithelial tissue, but one-third of them
contain additional mesenchymal tissue components with
immature ®brous areas, spindle cells and cartilage-like
osteoid and are then called mixed tumours. The epithe-
lial components mostly display a high `fetal` or a poor
`embryonal` di�erentiation. Rarely, other features such
as macrotrabecular arrrangement, small undi�er-
entiated cell areas, teratoid characteristics or a hepato-
cellular carcinoma-like histology are found [1].
The pathogenesis of hepatoblastoma is still unclear.

Histological and immunohistochemical ®ndings indicate
that the tumour cells may be derived from early pro-
genitor cells or stem cells of the liver and during

tumorigenesis undergo variable di�erentiation [3,4].
One constant feature of hepatoblastomas is their ability
to sustain extramedullary intratumoral erythro- and
thrombopoiesis, thus imitating the prenatal liver [5]. As
with other embryonal tumours, hepatoblastoma is
associated with familial tumour syndromes, the most
important of which are the Beckwith±Wiedemann syn-
drome and familial polyposis coli (FAP). Cytogenetic
analysis has revealed the most typical chromosomal
changes to be deletions on chromosome arms 1p and
11p, rearrangements on chromosome arm 2q and mul-
tisomy of chromosome 20 [6]. Recently, a variety of
di�erent chromosomal changes have been identi®ed by
application of the comparative genomic hybridisation
(CGH) technique [6]. At this time, the most important
molecular genetical abnormalities in hepatoblastoma
seem to be loss of heterozygosity (LOH) at chromosome
11p15.5 [7], 1p and 1q [8], as well as activating muta-
tions of the �-catenin gene in more than 50% of the
tumours [9]. Since this is the central e�ector of the
wingless/WNT developmental pathway, the latter seems
to have an important role in the molecular pathogenesis
of hepatoblastoma.
Thirty years ago, only children whose hepato-

blastoma could be completely resected had a chance of
survival [10]. In the early 1970s, evidence began to
accumulate that hepatoblastomas usually respond to
chemotherapy [11]. Thereafter, a dramatic improvement
in response to therapy could be achieved by combining
surgery with multi-agent chemotherapy in several mul-
ticentric cooperative trials [12]. Cisplatin and doxor-
ubicin proved to be the most e�ective drugs and are
now used in all study protocols. Treatment strategies
still vary, with primary surgery generally being per-
formed in the USA [13]. This contrasts with European
groups, which increasingly use preoperative chemo-
therapy, as in the trial of the International Society of
Paediatric Oncology (SIOPEL), which is described in
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the article by Brown and colleagues (pp. 1418±1425) in
this issue of the European Journal of Cancer [14]. With
these strategies, an overall tumour-free survival rate of
70±75% was achieved in the di�erent recent trials
[13,15±17].
However, approximately one-quarter of the patients

still die of their disease. Therefore, further attempts to
improve treatment results have to be undertaken. One
approach is to compare the results of treatment ele-
ments in the di�erent trials, which recently have been
undertaken in the USA, Germany, Japan and by the
International SIOP-Group. One prerequisite for this is
the application of uniform criteria for tumour staging
and response. This has been achieved in a meeting of all
groups in Berne, Switzerland in 1999, where it was
decided that all groups would use the criteria of the
SIOPEL-Group (publication in preparation) which are
described by Brown and colleagues [14].
A second promising approach is the evaluation of

prognostic factors. There have been several attempts to
®nd such criteria on clinical and histopathological
grounds (Table 1). Thus, histological features have been
investigated several times without consistent results,
with the exception of the identi®cation of pure fetal
histology in primarily resected tumours as a factor for
favourable prognosis [18]. Only in one prospective study
was there a correlation between epithelial di�erentiation
and outcome [20]. In one previous study of the same
group, histological proliferation markers, such as the
expression of nucleolar organiser regions (NOR)
seemed to indicate prognosis [21]. AFP serum levels
[20], as well as the timing and magnitude of decline
under chemotherapy [22] have also been found to indi-
cate clinical outcome. In a prospective study, the Ger-
man group identi®ed other relevant prognostic factors,
as tumour extension and growth pattern in the liver,
lymph node and distant metastases, and vascular inva-
sion. Multivariate analysis revealed tumour growth
pattern, vascular invasion and serum-AFP levels as
independent prognostic factors [20]. Brown and collea-
gues now performed a similar analysis in a large group
of 154 hepatoblastoma patients. They found that intra-
hepatic extent of disease and distant metastases are
predictors for event-free survival and 5-year overall
survival. In addition, tumour focality was univariately
associated with event-free survival [14]. This is a very
important investigation, since only on a large group of
uniformly treated patients is con®rmation of these
prognostic factors valid enough to be the basis for new
clinical strategies. These results now enable the study
groups to divide the patients into a low risk and a high
risk group mainly according to the absence or presence
of distant metastases and on the extension of primary
tumour [14, 20] for further strati®cation of therapy.
Now high risk, i.e. extended or metastasising hepato-
blastomas are treated with intensi®ed chemotherapy,

either by addition of more courses and alternating drugs
(SIOPEL, US-Intergroup Studies) or by application of
megatherapy (German StudyGroup). It will be interesting
to see whether one of these approches will result in bet-
ter outcome of these high-risk hepatoblastoma patients.
Every one of these study groups has tested its own

staging system and found it to be of signi®cant prog-
nostic relevance. This accounts for the postoperative
staging in the USA studies [13] and the German studies
[20, 21], the Japanese TNM-system for childhood liver
malignancies [23], and now for the PreTreatment Extent
of disease (PRETEXT) Grouping System introduced for
the SIOPEL-studies [14]. Interestingly, the TNM-system
of the Internationl Union against Cancer (UICC) for
adult liver carcinoma was found to be highly predictive
also for hepatoblastoma in the German analyses [20,21].
However, this system is relatively complicated and not
accepted by the other groups. Now, since the study
groups agreed to apply the PRETEXT-System, this
can be tested prospectively under di�erent treatment
strategies.
Until now, the prognostic signi®cance of DNA ploidy

in hepatoblastomas of the di�erent histological types is
still controversial, since results of di�erent studies have
been inconsistent, (Table 1) [19,24,25]. In the future, it
would be highly desirable to identify single molecular
genetic alterations which are present only in one of the
prognostic groups of hepatoblastoma. One could ima-
gine that there exist single genomic aberrations, which
occur only in poorly di�erentiated, aggressively growing
hepatoblastoma cells, as is the case with the ampli®ca-
tion of the N-MYC oncogene in neuroblastoma, which
is strongly associated with poor outcome. It can be
speculated, that speci®c mutations could initiate the
growth of hepatoblastomas with a special di�erentia-
tion, such as undi�erentiated small cells, macro-
trabecular type and hepatocellular-like transitional
di�erentiation, which are associated with poor outcome.
However, a comparison of the abovementioned mole-
cular genetic aberrations found in hepatoblastomas with
the stage and outcome of 56 tumours derived from the
German studies HB89 and HB94 did not reveal any
prognostic impact of these changes, besides loss of
chromosomal regions on 4q, and gain of chromosomal
regions on 8q and 20. These chromosomal inbalances
were signi®cantly correlated with outcome in this rela-
tively small group of tumours [26]. It remains to be seen,
whether these results are con®rmed in larger prospective
studies.
Eventually, it should be possible to stratify all patients

with hepatoblastoma on the basis of such molecular
®ndings. Then it might also become possible to use
therapeutics, which are targeted to the speci®c biologi-
cal properties of the tumours, such as speci®c anti-
bodies, growth factors or gene±vector complexes in gene
therapy.
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Table 1

Signi®cance of clinicopathological prognostic factors in hepatoblastoma, results of previous studies in univariate analysis

Author [Ref.] Histology

mixed/epithelial

Histological di�erentiation

fetal-embryonic

Proliferative

activity

Serum-

aFPb

aFP decline

under chemotherapy

Extension

in liver

No. of hepatic

segments

Focality

in livera
Vascular

invasion

Lymph nodes Metastases DNA

ploidy

Haas [18] n.s. n.s./sa

Morita [23] s

Conran [19] n.s. n.s. s

Von Schweinitz [21] n.s. n.s. s n.s. s n.s. s s s

Hata [24] s

Schmidt [25] n.s.

Ortega [13] n.s. s

Van Tornout [22] n.s. s n.s.

Von Schweinitz [20] n.s. s s s s n.s. s s s

Brown [14] n.s. n.s. s n.s. s s

a Signi®cant for pure fetal histology, primary resection. s, Signi®cant; n.s., not signi®cant.
b Di�erent categorisations of aFP-values. aFP, alpha fetoprotein.
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