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Foreword

Even though malignant liver tumors are rare in children, they have attracted interest 
and best effort, not only of pediatric oncologists and surgeons, but also tumor biolo-
gists and geneticists. The result is a significant improvement in our understanding of 
these tumors, patient’s outcome especially those with hepatoblastoma (HB). New 
developments in diagnostic imaging, tumor biology, pathology, surgical, and orthoto-
pic liver transplant (OLXT) techniques and chemotherapy have contributed to the 
continued improvement in the survival of children with HB.

The beneficial effect of post-operative adjuvant chemotherapy in patients with 
completely resected HB and hepatocellular carcinoma (HCC) was first documented 
by Evans in early 1990. However, the same chemotherapeutic regime failed to 
improve survival for patients whose tumors were either unresectable or incompletely 
resected. For many years, complete surgical resection of the tumor was the only treat-
ment modality that could offer children with hepatic malignancy a reasonable oppor-
tunity for cure.

The success of doxorubicin (DOX) and cisplatin (CDDP) as the most effective 
agents in the therapy of HB lead to the North American (Children Oncology Group) 
and the International Society of Pediatric Oncology (SIOP) collaborative groups to 
the design and implementation of chemotherapy regimens combining these two 
agents. Results of these studies established the combination chemotherapy of CDDP/
DOX as the most successful therapy in inducing surgical resectability in children 
with HB, thus making long-term survival an obtainable goal for patients with unre-
sectable tumors. However, the timing of the primary surgery has varied among differ-
ent groups. The North American and German studies systematically use surgical 
resection at diagnosis as determined by surgeons (primary surgery). The SIOP stud-
ies on the other hand, mandate preoperative chemotherapy. The beneficial effect of 
the different surgical timing became, for some time, an issue of discrepancy among 
investigators. Comparison of the data generated by these studies was difficult due to 
the difference in staging criteria among these groups.

The SIOP group uses the pretreatment extent of tumor grouping system 
(PRETEXT) based on the extent of the primary tumor as determined by imaging 
information. The North American and German groups employ a grouping system 
based upon the outcome of the up-front surgical intervention. To this date, results of 
the data generated from different studies have not been conclusive with respect to 
the significance of the timing of the hepatic resection since outcomes have not been 
significantly different. However, they have reaffirmed that complete resection of the 
primary tumor continues to be the primary goal in clinical management of pediatric 
liver tumors.



A recent analysis of pretreatment prognostic factors in the outcome of children with 
HB seems to indicate that both the COG and PRETEXT grouping system are both good 
predictive indicators of long term survival. PRETEXT may be used to identify patients 
who may be amenable to up-front surgical resection and may achieve long-term sur-
vival with less intensive chemotherapy since less chemotherapy-related toxicity.

The current COG study evaluates both grouping systems. Considering that most 
children with HB are younger than two years old, it is of utmost importance to elimi-
nate or reduce the risks of long term chemotherapy-related toxicities without jeopar-
dizing the results of the past. Results of the recently published SIOPEL III documented 
that PRETEXT standard risk patients achieved with CDDP monotherapy similar 
rates of complete resectability and survival compared to CDDP/DOXO, thus elimi-
nating the potential cardiotoxicity of the anthracycline.

The significant improvement in survival of children with surgically resectable HB, 
achieved using CDDP-based chemotherapy unfortunately has not been observed in 
patients considered at high risk for failure. Among high risk patients are children with 
persistently unresectable disease, metastatic disease at diagnosis, recurrent disease, 
slowly declining alphafetoprotein (AFP) or less than 100 ng/mL at diagnosis, and 
small cell undifferentiated (SCU) histological subtype. In order to improve the out-
comes of this group of patients novel therapeutic approaches are required.

High-dose chemotherapy has been used in an effort to improve long-term disease-
free survival, but results so far have been disappointing. Irinotecan, a topoisomerase 
I inhibitor, has been shown in limited studies to have some activity against HB. Its 
role should be defined in the near future, especially when combined with CDDP/
DOXO.

A more recent treatment modality, consisting of hepatic arterial chemoemboliza-
tion, may be helpful in facilitating tumor resectability in a select group of patients. 
However, experience with this treatment modality is limited in children. Another 
potential treatment strategy is orthotopic liver transplant (OLXT). Recent series pub-
lished by various pediatric liver transplant programs documented that children with 
unresectable non-metastatic HB transplant, had a similar survival rate as those who 
achieve complete resectability by conventional surgical procedures. A multinational 
registry (PLUTO) has been implemented to determine the feasibility and efficacy of 
OLTX in a large population of children with non-resectable HB.

The significant improvement in disease outcome observed in the last two decades 
in children with HB unfortunately has not been shared by those with (HCC). Even 
when these children with HCC have consistently been treated according to HB thera-
peutic trials, results have so far been extremely disappointing. This confirms the dis-
similarity of these two epithelial malignancies of the liver. Surgery for these patients 
has seldom been complete, and chemotherapy with CDDP/DOXO has not produced 
the same results as seen with HB.

While adult HCC is associated with etiological factors that lead to liver cirrhosis 
such as viral hepatitis and alcohol consumption, the same is not observed in children 
with HCC. While a variety of genetic changes have been identified in adult HCC 
which may offer the opportunity for the development of novel therapeutic approaches, 
further evaluation of these changes in pediatric HCC is needed. Similarly, the impor-
tance of angiogenesis in the development of HCC should continue to be explored in 
the quest for effective therapeutic modalities. At the present time, complete tumor 
resection by standard surgical procedure, or OLXT, constitutes the only therapeutic 
alternative associated with long-term survival for these patients.

vi Foreword



Foreword vii

Given the rarity of childhood malignant liver tumors, international collaboration is 
needed in an effort to identify new treatment strategies, to establish the role of OLXT 
and development of novel therapeutic approach for patients at high risk of failure 
(metastatic, SCU, and low AFP patients at diagnosis). The implementation of an 
international childhood hepatic tumor data base is of utmost importance. It will allow 
for the identification of prognostic factors independent of the initial therapeutic 
approach, and the creation of a registry that can be used in the development of future 
studies.

Jorge A. Ortega
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Primary childhood liver tumors are indeed quite rare 
neoplasms; their estimate incidence worldwide is of 
about less than one case per million children aged less 
than 14 years. In these last three decades, a great 
amount of basic and clinical research on these tumors, 
notably hepatoblastoma, have been conducted. 
Because of all this, solid hallmarks regarding the mod-
ern clinical and histopathologic diagnostic approach 
to these neoplasms, the definition of their risk profile 
and their management have been elaborated. 
Concurrently, a significant progress in the prognosis 
of those children affected by hepatoblastoma has been 
achieved. Furthermore, the most recent basic 
researches have opened convincing ways along which 
the ultimate mechanisms sustaining their growth, 
which, for hepatoblastoma, have to be referred to 
derangements of the molecular genetic processes reg-
ulating normal hepatic organogenesis can be under-
stood. If all this stands true for hepatoblastoma, it does 
not apply to childhood hepatocellular carcinoma. 
Some progress has been made in gaining knowledge 
of it, particularly in the direction of distinguishing this 
tumor from the much more common adult counter-
part; however, much more should be understood about 
its etiopathogenesis and definitely much more should 
be done to develop effective therapies. If at the present 
standard of care we can convincingly affirm that more 
than 70% of the children affected by hepatoblastoma 
are expected to be cured, this is true for only less than 
30% of those affected by hepatocellular carcinoma.

The quantity and more importantly the quality of the 
data produced in all these years have made it possible to 
conceive the idea of “making the point” on where we 
are in understanding the genesis of these neoplasms and 
on what we know regarding their management. We 
believe that it is the first time that a comprehensive view 
of the information available regarding childhood liver 
tumors is provided. In summary, in the last few decades 
relevant basic and clinical science regarding these quite 
rare childhood tumors has been produced and this justi-
fies the effort of summarizing it in a book.

Furthermore, also for childhood liver tumors, prob-
ably the end of an era has to be marked. This was the 
period during which conventional diagnostic and ther-
apeutic approaches have given the most they could to 
define the risk profile of young patients affected by 
these diseases and to cure them. This implies that it is 
realistic to hypothesize that further significant progress 
will be achieved only through a better understanding 
of the genetic bases of their growth and progression 
and by developing biologically driven innovative 
therapies.

The progress in the knowledge of these neoplasms 
has been made possible only thanks to large scale coop-
eration that has seen institutions throughout the world 
working together and sharing precious data. The large 
panel of clinical and basic scientists intervening in 
writing this book is the concrete sign of this coopera-
tion which, as stated earlier, has been the conditio sine 
qua non for obtaining the progress we are claiming.

Introduction 1

The Editors
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2.1  Introduction

Liver Tumors in children encompass a wide spectrum 
of entities ranging from benign to semimalignant to 
malignant (see Chaps. 8 and 14).

Each entity would tend to have its own historical 
(especially treatment related) perspective and thus 
make an overview unnecessarily complicated.

So in this chapter, we intend to focus mainly on the 
two clearly defined malignant tumors. Hepatoblastoma 
is the most common and relevant in childhood. The 
other, namely hepatocellular carcinoma has many sim-
ilarities to the adult variety, though, not in all aspects 
(especially not the same etiology).

The most dramatic improvement in outcome has 
occurred in hepatoblastoma since the introduction and use 
of chemotherapy in the late 1970s. Thus, one can think of 
and divide the history of progress into three distinct eras.

1. The “dark ages” pre systematic surgery – from the 
“beginning” to the 1940s

2. The “industrial revolution” in surgery and their  
pioneers – 1940s to 1970s, predominantly adult 
surgeons

3. The “enlightenment” – introduction of chemother-
apy and collaboration of specialties – from the 
1970s onward.

Neither the terms used nor the dates need to be taken 
too literally or strictly as the cut offs are not necessar-
ily so sharp.

We shall try to follow this outline throughout and 
add some thoughts about the future.

Naturally, the last period is of the most topical inter-
est and actually having lived through and taken part in 
it, could be biased, but is the most detailed and hope-
fully informative one.

Historical Background

Jack Plaschkes 

J. Plaschkes  
Dalmazirain 22, CH-3005 Berne, Switzerland 
e-mail: jack.plaschkes@bluewin.ch
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In Hepatocellular Carcinoma, the improvements 
have been mainly due to better and safer surgical tech-
niques based on more accurate anatomical knowledge 
but far less spectacular (Czauderna et al. 2002). The 
pioneers in all these fields clearly need to be mentioned 
in a historical review.

The same applies to a much better and still ongoing 
refinement of the pathology and the authors of early 
texts devoted entirely to pediatric tumors deserve the 
same attention.

Equal merit also goes to the development of national 
and international cooperative and multidisciplinary 
groups. (see Sect. 2.8) Collaboration is the key word to 
the successful management of liver tumors in children.

2.2  The Dark Ages

In this protracted period over many centuries, children 
were hardly considered to be part of society with little 
attention being given to their plight and especially their 
diseases. It is therefore not surprising that it is hard  
to find any reference of their role in medical literature, 
even in the extensive, early, mostly encyclopedic 
German literature of the late eighteenth century. Tumors 
of any organ including liver were recorded as curiosities 
due to all sorts of mystical or religious causes with cor-
responding treatments, e.g., exorcism, counteracting 
bad vapors. Surgery was the realm of barber surgeons 
who performed dramatic “primitive live” surgery often 
as a spectacle for curious onlookers.

The advent of printing made it possible to publish 
extensive illustrated treatises on these curious proce-
dures. (see Sect. 2.3)

An exception to these aberrations is possibly the 
somewhat more rational approach of some of the early 
medieval Arab thinkers and also Maimonides 
(1,135–1,204).

A light in this period was to come from the early 
“foundling” hospitals and their enlightened bene-
factors, later to become the first children’s hospitals. 
(see Sect. 2.4)

2.3  Advent of Printing

Histoire de la Médicine et du Livre Médical (1978) 
Paule Dumaitre, Editions Pygmalion, Olivier Perrin.

2.4  Early Children’s Hospital

Some selected ones are:
The Great Ormond Street Hospital for Sick Children 

founded in 1852 by Dr. Charles West, associated with 
the Peter Pan Foundation and the Coram Trust

Hôpital des Enfants Malades Paris 1802
Anna Kinderpital Vienna 1850
Kinderspital Bern 1862
Pediatric ward in Charité Hospital Berlin 1829
Bambino Gésu Rome 1869
The Children’s Hospital of Philadelphia founded  

in 1855
The Chicago Hospital for Women and Children 

1865
The Boston Children’s Hospital 1869
New York Babies and Children’s Hospital 1887 
Alder Hey Children’s Hospital Liverpool 1914.
Kings College Hospital London 1913 has a special 

hepatology unit and transplant center for children.
None, because of their early founding times, ini-

tially specialized in the treatment of liver tumors in 
children, but it is worthwhile mentioning that later 
on, many of them developed such services or units 
that were often associated with distinguished pio-
neering personalities in relevant specialties (often 
pediatric surgery or pathology). In order to avoid rep-
etition, these are mentioned under other appropriate 
headings.

Rare hospitals treating only cancer, e.g., Sloan 
Kettering Memorial Hospital, New York 1884 (founded 
as the New York Cancer Hospital), The Royal Marsden 
Hospital London 1851(founded as The Cancer Hopital) 
with a Pediatric Branch in Sutton 1962, Institute 
Gustav-Roussy 1913 (as a development of the Hospice 
Paul Brousse Paris), and the A.C. Camargo Cancer 
Hospital Sao Paolo 1934 (as a development from the 
Antonio Prudente Foundation) did and do have special 
units for pediatric oncology and surgery.

St Jude’s Childrens Hospital 1962 (initially funded 
by the Danny Thomas Lebanese Foundation) is the 
only one known to me as treating solely children with 
cancer.

Incidentally, Odile Schweisguth, the founding 
mother of SIOP started a 16 bed pediatric oncology 
service in 1952 in Paris (Coppes-Zantinga et al. 2000; 
Schaison and Sommelet 1995).

It goes without saying that this cannot be an exhaus-
tive list, but hopefully a balanced, though personal, 
selection between various countries and personalities.
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2.5  Pioneer Pathologists  
and/or Their Textbooks

One of the first of modern pathologists to devote him-
self to write a monograph on children’s tumors was 
Willis (1962).

He clearly made the distinction between the embry-
onal type and carcinoma. Interestingly enough, he 
mentions the occasional difficulty in making a distinc-
tion between the two showing the insight and predat-
ing the recently described “transitional type” (Prokurat 
et al. 2002). Other pioneers are E. Potter (Wiedermann 
1994) and J. Keeling (Keeling 1960). Both concen-
trated on the pathology of the fetus and newborn in 
their texts, but the latter’s particular interest in liver is 
shown in an article published in 1960 (Keeling 1971).

Another pathologist with foresight was HB Marsden 
who established the first population-based tumor regis-
try in Manchester and wrote a text on children’s tumors 
(Marsden and Steward 1976). Incidentally, the founder 
of modern chemotherapy, Sydney Farber was also a 
pathologist.

The still most widely used classifications of pediatric 
liver tumors are by Ishak and Glunz (1967), Kasai and 
Watanabe (1970) and L Dehner Gonzales Crussi. An 
updated and more unified and internationally accepted 
system including genetic profiling is necessary.

2.6  Pioneers in Surgical Anatomy  
and Liver Surgery

The techniques of liver surgery are not essentially differ-
ent in adults and children, and since adult disease is far 
more common, it is not suprising that “adult” surgeons 
have taken the lead in these developments, but later on, 
Pediatric Surgeons, especially in the above-mentioned 
Children’s Hospitals, have also performed liver surgery.

Early reports on liver resections in children are by 
Howat (1971). Of the 14 malignant ones (out of a total of 
19) only 3 survived. Operative mortality due to hemor-
rhage was 31%. However, in another series by (Price 
et al. 1982) in a series of 11 resections (6 with hepatoblas-
toma) in children aged 7 days to 14 years, there were no 
operative deaths but for 1 tumor-related one at 8 months.

The main risks, as seen above (morbidity, mortality), 
of liver surgery in the early years, i.e., before an accu-
rate description of the segmental vascular and biliary 

anatomy, as described by Couinaud in 1954 (Couinaud 
1954, 1957) were bleeding and biliary fistula. A resec-
tion mortality of over 10% was described by Exelby 
1971/1974 (Exelby et al. 1971, 1975). Various proce-
dures were used to try and reduce and minimize these, 
e.g., the Pringle maneuver (Pringle 1908) (clamping of 
the afferent hepatic vascular pedicle); total vascular 
occlusion (clamping of the aorta and balloon occlusion 
of the inferior vena cava with +/− hypothermia 
(Fortner)/(Fortner et al. 1974); preresection ligation of 
the hepatic artery portal vein and/or hepatic veins; 
hypotensive anesthesia. Various techniques for divid-
ing the liver parenchyma to reduce hemorrhage were 
devised, e.g., “finger fracture,” water jet, or ultrasound 
dissection – CUSA.

But as mentioned above, most of the credit must 
still go to Couinaud for his ground breaking descrip-
tion of the classical eight segments (sectors) now uni-
versally accepted as the gold standard in liver surgery 
(Couinaud 1954, 1957). Before that, the terminology 
in hepatic resection was confusing and misleading 
being based on the anatomical right and left lobes and 
the umbilical fissure which however do not corre-
spond to the vascular supply and biliary architecture. 
In recent years, the mortality and morbidity in spe-
cialized liver centers and by liver surgeons is well 
below 5%.

An exhaustive historical review of all these issues  
is given by Fortner and Blumgardt (2001).

2.7  Liver Transplantation

Liver and other organ transplantation came into their 
own after the basic research on rejection and its pre-
vention by immunosuppression, was originally done 
by R. Calne. In children there remained two barriers 
for a wider use: Organ shortage and the presumed 
lifelong immunosuppression thought to be necessary. 
When these were solved, especially with the intro-
duction of the living donor and split liver techniques, 
overcoming some of the moral dilemmas due to organ 
scarcity, liver transplantation became more and more 
important and amenable to children for cure and sur-
vival, in HB (basically as an extension of total resec-
tion) (Finegold et al. 2008; Otte et al. 2004). All these 
are rather recent developments and have little place in 
a historical review, so the details are better left to  
others (Chap. 10).
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2.8  International Oncology Groups

2.8.1  COG

At the outset in North America, there were a number 
of interrelated institutions treating only leukemia. An 
NCI panel was responsible for promoting their integra-
tion into a more structured entity with L Murphy as 
chair in 1958: CALGB (Cancer and Leukemia Group 
B) and SWOG (South West Oncology Group). 
Eventually, solid tumors were also included; CCG 
(Children’s Cancer Group) was established in 1968 
chaired by D. Hammond and POG (Pediatric Oncology 
Group) was founded in 1980 by Theresa Vietti and J. 
Ternberg by merging CALGB and SWOG. The CCG 
had special tumor-related groups earlier, namely the 
NWTS (National Wilms’ Tumor Study, chaired by G 
D’Angio and H Wolff) and IRS (Intergroup Rhabdo-
myosarcoma Study, chaired by H. Maurer). At the 
same time in 1972, the first cooperative study of com-
bination treatment of liver tumors in children was 
embarked upon.

In 2000, all these amalgamated to become COG 
(Children’s Oncology Group) under one chair (G. 
Reaman). COG has a liver subcommittee chaired by M. 
Malogolowkin followed by R. Myers. Representatives 
of this group participate actively in all other international 
liver groups “to come and work together” for exchange 
of information and plan future generation studies.

Although, strictly speaking, initially, all the above 
were national American societies, other countries 
could also become associate members – the beginning 
of international cooperation (O’Leary et al. 2008).

(This is an attempt to give a simplified version of a  
complicated summary of the early formation years 
which may not be as accurate as the founders would 
wish.)

2.8.2  SIOP

In Europe, SIOP (Société International d’Oncologie 
Pédiatrique) was officially founded in 1969 by Odile 
Schweisguth from Paris (hence the French name) after, 
a group of pediatric oncologists met in Madrid (1967) 
initiated by J. Monoreo and recognizing the need for 
a special international pediatric cancer organization in 

Europe also. From this first group, all of them became 
the founding members. The society has prospered and 
had some years ago, over 1,000 members. It meets 
annually alternating between a European and one of 
the other member countries.

Under the umbrella of SIOP, newer entities and 
committees were formed (1987), these being SIOPEL, 
and IPSO, SIOP Asia (including China/Japan/India/
Africa/Australasia), and PODC (Pediatric Oncology in 
Developing Countries).

In their individual ways all of them especially 
SIOPEL, have made significant contributions nationally 
and internationally to the management of liver tumors.

2.8.3  SIOPEL (SIOP Epithelial Liver 
tumors)

1987 – Jerusalem. A preliminary gathering by a small 
band of oncologists interested in forming a future coop-
erative liver tumor study group and attending the annual 
SIOP meeting was convened by J. Plaschkes and  
J. Pritchard. A short questionnaire was designed and 
distributed to find out if there was enough common 
ground and the possible number of patients who could 
be recruited to take part a trial.

1988 – There followed three informal meetings 
with most of the original “working party” members 
and countries represented previously: In London 
(GOS), Paris (I Gustav Roussy), and Trondheim 
(Annual SIOP meeting). A caretaker core committee 
chaired by J. Plaschkes and a protocol writing commit-
tee were formed.

1989 – The first “official” formal meeting was held in 
Padua where the details such as the administrative struc-
ture, and other committee members were finalized. 
Consensus on a study strategy (preoperative chemotherapy 
and pretext staging) (Roebuck et al. 2007) was reached.

A draft treatment protocol (six pages!!) was written 
and sent to the SIOP scientific committee as well as  
to most national pediatric oncology societies by  
J. Plaschkes (with approval of the writing committee) 
for evaluation.

Application for Funds was made to the Swiss 
Cancer League for a workshop/symposium in Bern 
and for the first trial office YRCO (Yorkshire Regional 
Cancer Office) in Leeds.

The approved protocol was activated in July 1989.
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1990 – A full 2 day international Liver Study 
Symposium was held in Bern (Plaschkes 2001).  
A Newsletter (L. Shafford) and Budget were presented 
for the first time. Previous to and after this interna-
tional workshop, others, under the acronym CELTIC 
(Common Epithelial Liver Tumors International 
Criteria), were held in 1990 in London (St. 
Bartholomew’s Hospital hosted by J. Kingston), in 
1991 in Athens (hosted by H. Kosmides), and in 1992 
in Hannover (hosted by D. von Schweinitz), to try and 
standardize definitions and mostly sponsored by the 
local hosts and J. Pritchard.

After all these initial activities, regular biannual 
SIOPEL meetings in a European host country as well 
as the annual SIOP meetings followed.

What followed is not history anymore.

2.8.4  IPSO

The “International Society of Pediatric Surgical 
Oncology” originally brought together, in 1989, the 
small band of pediatric surgeons committed to oncol-
ogy by J. Plaschkes and D. Hays at the Prague SIOP 
meeting hosted by J. Snadjauf, where, aptly, the main 
topic was surgery. Eventually, these preparatory con-
tacts led to the formation of IPSO, officially founded 
in 1991 in Rhodes with a constitution written by 
Antonio Gentil-Martins and J. Plaschkes elected as 
first president. The society runs a rare tumor registry 
and has a discussion forum for difficult cases. The 
president and another representative each have a seat 
on the scientific committee of SIOP. The main annual 
meetings are held at the SIOP meetings but other ad 
hoc ones have also taken place.

Their regular meetings have enhanced the surgical 
inputs and answered questions raised in clinical trials.

2.8.5  SIOP ASIA

It was formed to encompass and include not only the 
original European founder countries, but also conti-
nental Chapters with their own presidents and repre-
sentatives in all annual meetings. Regular  separate 
meetings are also held in these continents sponsored 
by SIOP mainly for educational purposes.

2.8.6  PODC (Pediatric Oncology  
in Developing Countries)

Similarly, to bring in an even wider membership and 
assist these countries in developing their own oncol-
ogy services, the Pediatric Oncology in Developing 
Countries committee was formed in 1996 and regu-
larly sponsors scholarships “for individuals to attend 
SIOP meetings.”

The PODC committee of SIOP (HP Wagner) and its 
activities also contribute greatly to further the aims 
mentioned below.

2.8.7  EONS (European Oncology  
Nursing Specialists)

One must also not forget to mention the nurses (mostly 
fully integrated into the European Oncology Nursing 
Specialists societies) whose care and knowledge are 
important in maintaining the high safety standards 
required for the often elaborate chemotherapy regimes.

2.9  National Pediatric Oncology Societies

UK (UKCCSG) later (CRUK) 1977 (Hammond 2003)
France (SFOP) (Schaison and Sommelet 1995)
 Germany (GPOH) (1991). Formed by the fusion of  
GPO (1993) with DAL (German working party for 
Leukemia) (Hertl 1995)
Austria 1974 (Gadner 1992)
Italy (AIEOP) 1974
Switzerland (SPOG) (1964) (Wagner 1994)
Australia/New Zealand (ANZHOG) (1986)
Latin America (SLAOP) (1979)
 Japan (1950) (Evans et al. 1973; Bessho and 
Kobayashi 1993)
America (ASPHO)/COG (see Sect. 2.8.1)
One of the principal aims and efforts of these soci-

eties was to enroll sufficient numbers of patients to 
enable clinical trials to be conducted scientifically with 
sufficient statistical power. (Most have organ-related 
studies and trials.) Obviously, because of the relative 
rarity of pediatric malignancies (even more so, liver 
tumors) sufficient numbers of children can be enrolled 
only by national and international cooperation.
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2.10  Clinical Liver Trials

Since the introduction of antineoplastic therapy by 
Sydney Farber in 1948 (Farber et al. 1948) for leuke-
mia, chemotherapy has taken on an increasingly impor-
tant role for solid tumors in children.

Liver tumors, in particular hepatoblastoma, was, 
because of its relative rarity, one of the last of the spe-
cific pediatric ones to be investigated in prospective 
clinical trials.

Incidentally, hepatocellular carcinoma, although 
inherently of a very different nature and being even 
more rare, was, for practical reasons, also subjected to 
the same treatment as HB in most studies.

At the outset, the strategy and staging systems cho-
sen by SIOPEL were different from that in the United 
States. In the USA, traditionally, primary surgery, 
wherever possible, was the initial step, whereas in 
SIOPEl preoperative (neoadjuvant) chemotherapy was 
the rule. (It was chosen for the simple reason that if the 
tumor became smaller difficult liver surgery would be 
safer.) This is not the place to repeat or mention all 
other advantages and even possible disadvantages for 
this choice.

Some other countries chose their own individual 
ways, i.e., Germany followed the USA example, whereas 
Japan mostly preferred preoperative chemotherapy.

Because the overall results of the different strategies 
were, broadly speaking, similar, each group has contin-
ued to adhere to its own original concept. It must how-
ever also be said that the chemotherapy agents used 
were and are quite substantially different as well.

In addition, the various staging systems used  
can make comparisons questionable and replete with 
pitfalls.

For that reason, SIOPEL introduced its own system 
(PRETEXT) specially designed and conceived to 
reflect the surgical anatomy of the liver (complete sur-
gical resection still being the most important prognos-
tic factor). This system is now being used by all in 
conjunction with the others, i.e., the classical Stage 
I–IV, allowing direct comparison of outcomes.

Below is a concise list of most of the past trials and 
their results (Tables 2.1–2.4)

2.11  Conclusions and Future Outlook

Unless and until a “magic bullet” is discovered or some 
treatable genetic profile can be identified and screened 
for, it seems likely that surgical resection will still remain 
an integral treatment option in the near future. Since the 
dawn of effective chemotherapy, the demise of surgery 
has often been predicted, but so far, this has not hap-
pened. Laparoscopic and Robot and computer-assisted 
surgery from “afar” will, theoretically, make specialized 
surgery available to all (Koffron et al. 2006).

Scientific international multidisciplinary trials with 
their logical stepwise improvements will probably, for 
some time, remain the aim and gold standard, but some 
serendipitous unexpected discovery (as in many medi-
cal instances, see Cisplatinum) (Rosenberg et al. 1965; 
Rosenberg et al. 1969) cannot be discarded either.

Because of the ever increasing stratification and dif-
ferentiation of risk groups, both histologically and 
genetically, “personalized” treatment will become the 
rule. For that reason, with the smaller study cohorts, 
international cooperation will be even more essential to 
be able to fulfill valid statistical criteria. The large pop-
ulations in India, China, and other developing countries 
(see PODC above) will all play an increasingly impor-
tant role in enhancing future developments more rap-
idly. They will and can initiate their own trials and still 
be able to participate in the already established ones.

HCC prevention by hepatitis B immunization will 
substantially reduce the incidence.

Although trying to end on an optimistic note, one 
cannot fail to mention that the increasing burden of 
national and international administrative regulations 
and directives will severely hamper the possibility of 
international cooperation, and delay, if not make 
impossible, the development of scientific trials espe-
cially in very rare pediatric liver tumors. Future histori-
cal reviews will give us an answer to this prediction.
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Study Strategy Number 
of patients

Chemotherapy Stage Outcome References

CGPOH-HB89
1988–1993

Primary  
surgery

72 Ifosfamide  
Cisplatin 
Doxorubicin

DFS 75%  
median FU 
64 month

Von Schweinitz  
et al. (1997)

I
II
III
IV

100%
50%
71%
29%

CGPOH-HB94
1994–99

Primary  
surgery

48 Ifosfamide Cisplatin 
Doxorubicin

Standard  
risk

OS Median FU 
58 months 77%

Fuchs et al. 
(2002)

18 Etoposide 
Carboplatin

Advanced  
or recurrent

Fuchs et al. 
(1999)

HB99 1999–2008 Mixed IPA/ Carboplatin- 
VP16

Preliminary 
results only

Häberle et al. 
(2003)

Table 2.2 Germany

Study Strategy Number of  
patients

Chemotherapy Stage Outcome References

JPLT-1  
1991–1999

Mixed  
PRETEXT

145 HB Cisplatin  
THP  
Adriamycina

3/6 year OS
77.8%/73.4%
100%/100%
100%/95.7%
76.6%/73.8%
50.3%/50.3%
64.8%/38.9%

Sasaki et al. 
(2002)

I
II
IIIA
IIIB
IV

JPLT-2  
1999–2004

All preop done 
except  
PRETEXT 1

144 HB 3 year OS Preliminary 
results

PRETEXT 1
PRETEXT 2
PRETEXT 3

I
II
III
IV

100%
88%
68%
42%

Table 2.3 JAPAN

a Japanese Adriamycin THP = Tetrahydropyranil
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3.1  Introduction

Epidemiology has been defined as: “the study of the 
occurrence and distribution of health-related states or 
events in specified populations, including the study of 
the determinants influencing such states, and the appli-
cation of this study to control the health problems” 
(Porta 2008). Thus, the concern of epidemiology is 
disease in populations or groups of people as opposed 
to individuals. Furthermore, it is essential to note that 
for epidemiological studies of specific diseases, those 
within the population who do not have the disease are 
as important as those who do. This distinction marks a 
fundamental difference between epidemiology and 
clinical medicine.

Control of health problems can be achieved by 
adopting strategies to limit or prevent development of 
disease. These strategies may include screening for 
early detection, vaccination, and chemoprevention and 
reduction or elimination of exposure to environmental 
risk factors for the disease. The aim is to reduce mor-
tality and morbidity within populations and ultimately 
prevent disease.

Epidemiological studies of pediatric liver tumors 
have been hindered by the rarity of these conditions. 
Very large populations of children and/or many years 
of study are required to generate sufficient number of 
cases for statistically significant observations to be 
made. However, in recent years, a number of observa-
tions have emerged, which have paved the way for pre-
ventative strategies for at least a proportion of cases 
within the foreseeable future.
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3.2  Descriptive Epidemiology  
of Pediatric Liver Tumors

The measurement of disease incidence within popula-
tions and over time provides essential information to 
health care providers. Descriptive epidemiological 
studies also provide a starting point for hypothesis 
generation about etiology. Demographic patterns of 
incidence, geographical variations, and changes in 
incidence with time can all provide clues about etiol-
ogy. The cornerstone of descriptive epidemiology is 
the population-based cancer registry.

3.2.1  Spectrum and Frequency  
of Liver Tumors in Children

Detailed population-based incidence data on the full 
spectrum of primary malignant liver tumors in chil-
dren are lacking. This is in part due to the application 
of the International Classification of Childhood 
Cancer (ICCC) to national and international cancer 
registration data in published incidence rates 
(Steliarova-Foucher et al. 2005, 2006; Linabery and 
Ross 2008; Parkin et al. 1998). The ICCC defines 
diagnostic groups using combinations of morphol-
ogy and primary site codes derived from the 
International Classification of Diseases for Oncology, 
second and third editions (Percy et al. 1990; Fritz 
et al. 2000). ICD-O is used by cancer registries to 
code diagnoses. Group VII, hepatic tumors, includes 
hepatoblastoma (HB), hepatic carcinoma, and 
unspecified malignant hepatic tumors. Other primary 
liver tumors are distributed among other diagnostic 
groups, e.g., Group IX, soft tissue, and other 
extraosseous sarcomas. Therefore, published inci-
dence rates are underestimates of the true incidence 
of liver tumors in children and relative proportions of 
different liver tumors in populations cannot be 
derived from published data. Information on the 
range of childhood liver tumors in general comes 
from clinical and histopathological series.

To overcome this lack of data, incident cases of all 
malignant primary liver tumors in children aged 0–14 
years, derived from national cancer registration data for 
England, have been analyzed (Birch and Alston, in prep-
aration). All cases diagnosed with a site code of liver 
(C22.0), and any morphology code, were eligible for 

analysis. There were 213 cases, 1995–2006, comprising: 
154 (72.3%) HB; 22 hepatocellular carcinoma (HCC) 
including 5 fibrolamellor (10.3%); 6 rhabdomyosar-
coma, 14 embryonal sarcoma, 5 rhabdoid sarcoma,  
1 mesenchymoma, 3 haemangiosarcoma/haemangio-
endothelial sarcoma, 4 soft tissue sarcoma (STS) not oth-
erwise specified (total STS 15.0%); 1 yolk sac tumor 
(0.5%) and 4 unspecified malignant liver tumors (1.9%). 
Therefore, over 16% of specified cases were tumors 
other than HB and HCC (Fig. 3.1a). The percentage dis-
tribution of these varied markedly with age. In 0–4 year 
olds 85.5% of cases were HB and only 1% HCC. 3.1% 
and 2.5% were rhabdoid tumors and rhabdomyosarcoma, 
respectively. 3.8% were other soft tissue tumors 
(Fig. 3.1b). Figure 3.1c shows the distribution among 
5–14 year olds. In this age group, 35.2% of cases were 
HB, 33.3% were HCC, and 31.5% were soft tissue 
tumors, among which embryonal sarcoma predomi-
nates. Therefore, in 5–14 year olds, nearly one-third 
were tumors other than HB and HCC. These proportions 
are consistent with the Armed Forces Institute of Patho-
logy series, 0–20 year old, quoted by Stocker et al. (1998).

Incidence rates of HB, HCC, and other specified 
and unspecified liver tumors for age groups under 1, 
1–4, 5–9, and 10–14 years were calculated for all 
malignant liver tumors diagnosed in England in the 
years 1990–2006. Cases were extracted from national 
cancer registrations and population counts for England 
using methods described by Alston et al. (2008). HB 
dominated the under 1 and 1–4 year age groups with 
low rates for other tumors. In 5–9 and 10–14 year olds 
there was a more even distribution of rates between the 
tumor groups but HCC had a higher rate than other 
tumors in 10–14 year olds, albeit still very low in abso-
lute terms (Table 3.1). Table 3.2 shows that rates for 
HB were higher in males than females (p = 0.01). Rates 
for other liver tumors did not vary significantly by sex, 
but the number of cases was very low. In some data-
sets, an excess of males with HCC as well as HB has 
been reported (Stiller et al. 2006; Chen et al. 2005).

3.2.2  International Variations  
in Incidence

For reasons discussed above, international  comparisons 
are only possible for HB and HCC. The International 
Incidence of Childhood Cancer Vol II presents inci-
dence data from registries around the world mainly 
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from the early 1980s to early 1990s (Parkin et al. 
1998). However, many registries had too few cases to 
provide stable rates, especially for HCC. Furthermore, 
a number of registries reported only the “unspecified” 
category. However, working with the data as presented, 
there appear to be higher rates of hepatic tumors over-
all in the Far East than in Western countries and 
Australia. Highest rates for HB were seen in parts of 
the USA and Japan. Only six registries reported ten or 
more cases of HCC. The highest rate was seen in 
Cuba.

There have been more recent publications from 
Europe and the USA. European data, 1988–1997, 
derived from the Automated Childhood Cancer 
Information System (ACCIS) found overall rates for 
0–14 year olds across European registries of 1.2 per 
million for HB and 0.2 per million for HCC (Stiller 
et al. 2006). Over 90% of HB cases occurred under age 
5, but HCC was distributed fairly evenly across age 
groups. Highest rates for HB were reported by regis-
tries in East (1.4) and North (1.5) Europe and lowest in 
the British Isles (1.0). Rates for HCC showed little 
variation.

The most recently published figures from the USA 
cover 2001–2003 and include incidence data from 39 
National Program of Cancer Registries and 5 
Surveillance Epidemiology and End Results (SEER) 
statewide registries, representing over 90% of the US 
population (Li et al. 2008). The overall rate for HB was 
1.44 per million and 1.00 per million for HCC. Rates 
for HB were significantly higher in males (1.57) than 
in females (1.09) but there were no differences by sex 
for HCC. Rates during a comparable time period, 
2001–2006, in England were 1.7 for HB overall (1.9 in 
males and 1.7 in females) and 0.2 for HCC (Birch and 
Alston, in preparation). Therefore, rates for HCC 
appear to be higher in the USA than in Europe, but 
similar for HB.

Age 0-4 yearsHepatoblastoma

Hepatocellular
carcinoma

Embryonal
sarcoma

Rhabdomyosarcoma
Rhabdoid
sarcoma

Blood
vessel
tumors

Other
STS

Germ
cell
tumor

unspec.

Hepatoblastoma

Hepatocellular
carcinomaEmbryonal

sarcoma

RhabdomyosarcomaBlood
vessel
tumors

Age 5-14 years

Age 0-14 years
HepatoblastomaHepatocellular

carcinoma

Embryonal
sarcoma

Rhabdomyo-
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Rhabdoid sarcoma

Blood
vessel
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tumor

Other
STS
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b
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Fig. 3.1 Relative frequencies of specific liver tumours in chil-
dren by age group

Age group 
(years)

Hepatoblastoma Hepatocellular 
carcinoma

Other specified 
tumors

Unspecified 
tumors

All tumors

Under 1 6.2 0 1.5 0.1 7.8

1–4 2.7 0.2 0.3 0.1 3.3

5–9 0.2 0.2 0.2 0.1 0.7

10–14 0.2 0.4 0.2 0 0.7

0–14 1.3 0.2 0.3 0.1 1.9

Table 3.1 Incidence per million person – years of malignant tumors of the liver in children aged 0–14 years in England 1990–2006, 
by age group at diagnosis
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3.2.3  Time Trends in Incidence

Trends in incidence of HB and HCC over time have 
been reported for the USA and Europe. The ACCIS 
report found no change in incidence over the time 
period 1978–1997 in hepatic tumors overall, HB, and 
HCC either in any country or in Europe as a whole 
(Kaatsch et al. 2006; Stiller et al. 2006). In contrast, 
the SEER Pediatric Monograph (Bulterys et al. 1999) 
covering the years 1975–1995 reported a marked 
increase in HB in children aged 0–14 years from 0.8 
per million in 1975–1979 to 1.5 per million for 1990–
1995. This trend was confirmed in a more recent report 
covering the years, 1992–2004, with an annual change 
of 4.3% for HB (Linabery and Ross 2008). National 
cancer registration data for England show a statisti-
cally significant increase in incidence of HB between 
1990 and 2006 from 1.0 per million in 1990–1995 to 
1.7 per million in 2001–2006 (p = 0.0004). The trend 
was significant in males and females and did not differ 
by age group (Birch and Alston, in preparation).

In the SEER monograph, a decrease in incidence of 
HCC was reported while no change in incidence of 
HCC over time was found in the English data. Changes 
in incidence of HCC in the Far East following the 
introduction of national vaccination programs are dis-
cussed in Sect. 3.4.

3.3  Analytical Epidemiology  
of Hepatoblastoma and 
Hepatocellular Carcinoma  
in Children

In contrast to descriptive studies of incidence patterns, 
analytical epidemiology seeks to identify and quantify 
causative risk factors. Often, such studies test hypotheses 

about causation generated by previous descriptive or 
observational studies. For rare diseases, the research 
approach of choice is the case-control study.

3.3.1  Overview of Environmental  
Risk Factors

There have been very few case-control studies of HB 
specifically, although certain comprehensive studies of 
childhood cancer have included cases of HB. Small 
numbers of cases have hindered progress. One case-
control study in the USA, which included 75 cases, 
reported elevated odds ratios with maternal occupational 
exposures to paints or pigments, oil or coal products, 
and metals before or during pregnancy (Buckley et al. 
1989). A subsequent nationwide study of childhood 
cancer in the UK (UKCCS) did not corroborate these 
findings. However, the UKCCS included only 28 cases 
of HB (McKinney et al. 2003; Birch 2000).

There have been anecdotal reports of the HB cases 
following: maternal exposure to steroid hormones 
(Otten et al. 1977; Melamed et al. 1982); maternal liver 
transplantation (Roll et al. 1997), and fetal alcohol 
syndrome (Khan et al. 1979).

HCC, at all ages, often has a viral etiology involv-
ing hepatitis B and C viruses (HBV, HCV) (IARC 
1994) (see Sect. 3.3.5). The involvement of hepatitis 
viruses in HB has been investigated but appears not to 
be a factor (Wiwanitkit 2005; Hsiao et al. 2009; Chen 
et al. 2005). Other viruses have also been considered 
(Buckley et al. 1989) and HB has been reported in a 
child with vertically acquired HIV infection (Pollock 
et al. 2003). Known viruses do not seem to make a 
major contribution to HB etiology.

A consistent finding in a number of countries is a 
strong association between very low birth weight 
(VLBW) and risk of HB (Tanimura et al. 1998; Ansell 

Hepatoblastoma Hepatocellular 
carcinoma

Other specified 
tumors

Unspecified 
tumors

All tumors

Males 1.5 0.2 0.4 0.1 2.2

Females 1.0 0.2 0.2 0.1 1.5

Males + females 1.3 0.2 0.3 0.1 1.9

Table 3.2 Incidence per million person – years of malignant tumors of the liver in children aged 1–14 years in England 1990–2006, 
by sex



193 Epidemiology of Pediatric Liver Tumors

et al. 2005; Reynolds et al. 2004). Speculations on, and 
investigations of, the etiological basis of these obser-
vations are ongoing but the improved survival of pre-
mature and VLBW infants during the past 3 decades 
may account for the observed increases in HB inci-
dence in industrialized countries (Spector et al. 2004).

A second consistent finding is an increased risk of 
HB in the children of mothers who smoke and a higher 
risk when both parents smoke. This was first reported in 
an analysis of parental smoking data from the UKCCS 
(Pang et al. 2003). The association has subsequently 
been confirmed in three further independent studies 
from the UK, USA, and China (Sorahan and Lancashire 
2004; McLaughlin et al. 2006; Pu et al. 2009). It now 
seems likely that this association is causal.

The associations between parental tobacco smok-
ing, VLBW, and risk of HB are discussed in detail 
below (see Sects. 3.3.2 and 3.3.3).

3.3.2  Very Low Birth Weight  
and Hepatoblastoma

A statistically significant association between VLBW 
(<1,500 g) and increased risk of HB was first published 
by a Japanese group (Ikeda et al. 1997). A systematic 
review of HB cases included in the Japan Children’s 
Cancer Registry revealed nine with VLBW, represent-
ing 4% of 231 HB cases over a 9 year period compared 
with 0.4% among children in the registry overall.

Several reports followed that confirmed and refined 
the risk of HB in VLBW infants. Reynolds et al. (2004) 
compared birth registration data on 99 cases of HB 
from California with 396 control children randomly 
selected from the same birth certificate files. The odds 
ratio (OR) for HB in children with birth weight <1,500 g 
was 50.6 (95% CI 6.6–388.0). A plot of the case distri-
bution by birth weight showed a peak for birth weight 
<1,000 g. A similar case-control study design was used 
by McLaughlin et al. (2006) based on New York State 
Cancer Registry and electronic birth records. In this 
study, 11 of 58 HB cases had birth weight <1,000 g 
compared with 24 of 65,056 controls, relative risk (RR) 
56.9% (95% CI 24.0, 130.7). Spector et al. (2008) 
found hazard ratios of 25.6 (95% CI 7.7, 85.0) and 9.2 
(95% CI 3.1, 27.1) for birth weights <1,000 and 1,000–
1,999 g, respectively, among 36 HB cases and 7,788 
comparison children ascertained from Minnesota 

cancer surveillance and birth records. In the UKCCS, 
3 of 22 children with HB weighed <1,500 g (OR = 69.0; 
95% CI 12.0, 397.2) (Ansell et al. 2005).

Estimates of risk vary between studies. This is prob-
ably due to variations in study design and data sources, 
and also geographical differences in medical practice 
regarding the management of VLBW infants. However, 
these studies establish that there is a substantially 
increased risk of HB in children with VLBW, espe-
cially those with birth weights <1,000 g. This finding 
begs the question as to the identity of the associated 
causal factors.

Three subsequent studies from Japan investigated 
perinatal factors in VLBW infants with HB. The first 
of these (Maruyama et al. 1999) reviewed the medical 
records of 15 HB patients with birth weights <1,500 g 
and a median gestational age of 25 weeks. Nothing 
remarkable was found in the prenatal histories but oxy-
gen therapy was given to 13 patients. The duration of 
assisted ventilation was significantly longer in patients 
with late stage tumors. In addition, furosemide therapy, 
which was also given to 13 patients, was significantly 
longer in patients with advanced tumors. The authors 
concluded that an environmental rather than a genetic 
etiology was suggested by these results.

These findings prompted a case-control study of 12 
HB patients with birth weight <1,000 g and 75 birth 
weight-matched controls randomly selected from 3 
neonatal centers. Medical records of mothers and 
infants were abstracted systematically for a predeter-
mined range of pre- and postnatal factors. Univariate 
Cox regression analysis demonstrated durations of 
oxygen and furosemide therapies, and time taken to 
regain body weight at birth were significantly associ-
ated with HB development. However, in a multivariate 
analysis, only the duration of oxygen therapy emerged 
as a significant independent risk factor (Maruyama 
et al. 2000). These findings were supported by a subse-
quent smaller case-control study (Oue et al. 2003).

Studies of birth certificate records linked to cancer 
registry records found a statistically significant trend 
toward being diagnosed at a later age in those HB cases 
with birth weight <1,000 g (Reynolds et al. 2004). This 
finding was supported by an earlier study, which found 
a similar trend although statistical significance was not 
reached (Tanimura et al. 1998). Other possible prenatal 
risk factors derived from birth records include infertility 
treatment, higher maternal body mass index (McLaughlin 
et al. 2006; Pu et al. 2009; Spector et al. 2008).
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3.3.3  Parental Tobacco Smoking  
and Hepatoblastoma

Paternal and maternal preconceptional and gestational 
smoking as possible risk factors for childhood cancer 
have been extensively studied. In general, analyses 
have focused on leukaemia, brain tumors, and all child-
hood cancers combined with equivocal results (Boffetta 
et al. 2000). Analyses of parental smoking data from 
the UKCCS considered each childhood cancer diag-
nostic group separately. After adjustment for parental 
age and socioeconomic factors, risk of HB was signifi-
cantly increased for children whose mothers smoked 
preconceptionally, OR 2.7 (95% CI 1.16, 6.21), and 
was also elevated for paternal preconceptional smok-
ing with borderline significance, OR 2.2 (95% CI 0.94, 
5.12). However, the highest risk was seen when both 
parents smoked compared with neither, OR 4.7 (95% 
CI 1.7, 13.4). The association was confined to cases 
diagnosed at older ages. For maternal smoking in cases 
diagnosed at the median age or above, the OR was 12.0 
(95% CI 2.5, 56.8) (Pang et al. 2003). The association 
remained after adjustment for birthweight (Pang and 
Birch 2003). Pang et al. interpreted their results as 
indicating a possible transplacental carcinogenic effect 
of tobacco products, rather than a preconceptional 
effect on germ cells.

Strong support for this finding was published soon 
after by Sorahan and Lancashire (2004) who analyzed 
the Oxford Survey of Childhood Cancer (OSCC) data 
on parental cigarette smoking. The OSCC was an ear-
lier study in the UK and there was no overlap of cases 
with the UKCCS. They reported an RR of 2.3 (95%  
CI 1.02, 5.09) for hepatoblastoma in children if both 
parents smoked relative to neither. Since then, two 
other reports have corroborated the findings with 
respect to maternal smoking based on data from birth 
registrations and medical records for HB cases and 
other children. ORs for maternal smoking of 2.9 (95% 
CI 1.1., 4.2) and 2.1 (95% CI 1.0, 4.2) were found in 
Changqing, China, and New York State, USA, respec-
tively (Pu et al. 2009; McLaughlin et al. 2006). 
Furthermore, in the study by McLaughlin et al., the 
risk was found to be stronger for cases diagnosed at 
later ages and appeared to be limited to children with 
normal birth weight thereby adding weight to similar 

findings by Pang et al. (2003) and Pang and Birch 
(2003).

On the basis of these four studies, the International 
Agency for Research on Cancer (IARC) has recently 
classified tobacco smoke (via parental smoking) as a 
human carcinogen for childhood hepatoblastoma 
(Secretan et al. 2009).

3.3.4  Associations with Heritable Cancer 
Predisposition, Congenital 
Malformation Syndromes,  
and Anomalies

A wide spectrum of congenital malformation syn-
dromes and isolated anomalies have been reported in 
cases of HB. The overall frequency of anomalies among 
children with HB appears to be higher than for any 
pediatric tumor other than Wilms’ (Hartley et al. 1990; 
Mann et al. 1990; Narod et al. 1997; Ansell et al. 2003). 
Case reports include children with progressive fami-
lial cholestasis, myelodysplasia, Noonan Syndrome, 
Fragile X Syndrome, Sotos Syndrome, Cardio-Facio-
Cutaneous Syndrome, Prader-Willi Syndrome, Goldenhar 
Syndrome, and neurofibromatosis type 1 (Corona-Rivera 
et al. 2006; Richter et al. 2005; Neas et al. 2006; 
Yoshida et al. 2008; Wirojanan et al. 2008; Kato et al. 
2009; Hashizume et al. 1991; Gripp et al. 2007; Uçar 
et al. 2005). The etiological significance of these vari-
ous syndromes is uncertain but possible links with pre-
maturity/low birth weight and neonatal care should be 
considered as well as genetic links.

In addition to occasional case reports of HB in syn-
dromic children, three conditions have been estab-
lished as conferring an increased risk of HB: trisomy 
18, Beckwith Wiedemann syndrome (BWS), and 
familial adenomatous polyposis (FAP). Trisomy 18 or 
Edwards syndrome (ES) is associated with multiple 
congenital anomalies including heart defects, cranio-
facial abnormalities, limb and other skeletal abnormal-
ities, microcephaly, mental retardation, intrauterine 
growth retardation, and short stature, among others. 
The incidence of ES is reported as 1 in 3,000 to 7,000 
births. Survival past the first year is rare (Edwards 
et al. 1960; Root and Carey 1994; Taylor 1968; 
Rasmussen et al. 2003). There have now been at least 
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seven published cases of HB in children with ES. This 
suggests an etiological association between these two 
conditions rather than chance (Kitanovski et al. 2009; 
Maruyama et al. 2001).

BWS, which predisposes to a number of embryonal 
tumors, is characterized by somatic overgrowth, 
abdominal wall defects, macroglossia, and ear anoma-
lies, and is associated with imprinting defects of genes 
located on chromosome 11p15. The overall percentage 
of children with BWS who developed tumors, and 
whose molecular defects had been characterized, was 
7.5–13.5%. However, tumor risk varies according to 
the specific defect. The most frequent tumor types are 
Wilms and HB (Weksberg et al. 2001; Cooper et al. 
2005; Rump et al. 2005; De Baun et al. 2002).

The association between FAP and HB was first 
reported by Kingston et al. (1983). Subsequently, there 
have been numerous reports and the risk of HB in FAP 
carriers has been estimated to be as high as 800-fold 
above sporadic population rates (Giardello et al. 1991; 
Hughes and Michels 1992). There may be genotype-
phenotype links between specific mutations to the 
APC gene, which is mutated in FAP, and development 
of HB (Hirschman et al. 2005). This is supported by 
the occurrence of HB in siblings from FAP families 
(Thomas et al. 2003; Hirschman et al. 2005). Given the 
overall rarity of the two conditions, this suggests that 
penetrance for HB may be increased in certain FAP 
families in association with specific APC mutations. 
HB may be the first phenotypic manifestation of APC 
mutation in a kindred (Thomas et al. 2003).

3.3.5  Etiology of Hepatocellular 
Carcinoma in Children

The majority of HCC cases across all ages in develop-
ing countries are due to hepatitis B virus infection 
(HBV) and aflatoxin exposure and to alcohol abuse 
and smoking in developed countries (Hirohashi et al. 
2000). Hepatitis C virus (HCV) is also a factor, espe-
cially in Japan. Worldwide, the incidence varies 
according to the prevalence of these risk factors.

There is a particularly high incidence in sub- Saharan 
Africa and the Far East in HBV hyperendemic areas. 
HBV specifically infects and replicates in liver cells, 
and clonally integrated viral DNA sequences are 

detected in tumor cells (IARC 1994; Levy et al. 2002). 
In general, tumors arise following decades of chronic 
infection with HBV, with peak incidence of HCC in 
fourth, fifth, and sixth decades of life depending on 
geographical location. HCV, in contrast to HBV, is an 
RNA virus. It is less prevalent than HBV and accounts 
for a much smaller proportion of cases worldwide. 
Similar to HBV, it damages liver cells resulting in con-
tinual regrowth. HCV is the etiological agent in most 
patients with post-transfusion hepatitis.

Aflatoxins are produced by the fungi Aspergillus fla-
vus and Aspergillus parasiticus. In humans, main expo-
sure comes from contaminated foods including peanuts, 
corn, and cassava. The fungi proliferate particularly in 
warm, damp conditions. The carcinogenic potential of 
aflatoxin is substantially greater in individuals with 
chronic HBV infection. Reduction of food contamina-
tion in populations with a high incidence of HBV infec-
tion will reduce HCC rates (Henry et al. 2002).

Although rates of HCC in children are extremely 
low compared with older adults, childhood HCC is an 
important tumor in areas of the world with high HBV 
carrier rates. HCC constitutes between 35% and 70% 
of childhood liver tumors in such areas (Chen et al. 
2005; Hsiao et al. 2009; Moore et al. 2004). Although 
clearly there is only limited exposure time in children, 
HBV appears to be the etiologic agent in these cases. 
The incidence of HCC in HBV hyperendemic areas in 
China and Thailand appears to have fallen dramati-
cally following the introduction of national HBV vac-
cination programs. Such programs have been successful 
in reducing rates of chronic HBV infection in children 
(Chen et al. 1996; Chang et al. 1997, 2005; Hsiao et al. 
2009; Wichajarn et al. 2008). Nevertheless, even after 
the introduction of vaccination HBV infection was still 
the most important factor in childhood HCC in Taiwan 
(Hsiao et al. 2009). It has been suggested that vaccina-
tion against HBV would reduce the potency of aflatox-
ins and reduce risk of HCC (Henry et al. 2002).

In other parts of the world, HCC may arise in children 
with various metabolic disorders but HBV infection may 
still be an important etiological factor in a proportion of 
cases. In a study based on HCC cases in the Kiel  pediatric 
Tumor Registry, 64% of those investigated demonstrated 
positivity for HBV surface antigen (Leuschner et al. 
1988). Such children may be inherently susceptible to 
the carcinogenic effects of the virus.



22 J.M. Birch

3.4  Implications of Findings  
from Analytical Studies  
of Pediatric Liver Tumors

There is a paucity of comprehensive studies of etiol-
ogy and none that includes substantial case numbers. 
However, studies of HB focused on prenatal and birth 
characteristics have yielded a number of positive find-
ings; principally, associations with VLBW and prena-
tal exposure to parental tobacco smoking. Both findings 
are likely to reflect causation. In addition, HB risk is 
increased in children with certain heritable conditions. 
Therefore, there are examples of causative factors for 
HB acting in the preconceptional, gestational, and 
postnatal time periods.

Regarding the increased risk of HB in children with 
VLBW, especially those with birth weights below 
1,000 g, the evidence points to factors linked to neona-
tal intensive care (Spector et al. 2008). Duration of 
oxygen therapy emerged as the only independent risk 
factor in a multivariate analysis of data from a case-
control study of children. Prolonged oxygen therapy, 
perhaps in combination with other therapies, e.g., furo-
semide, is plausible as a causative agent given the 
probable sensitivity to oxidative damage of immature 
and rapidly proliferating tissues and cells in the pre-
term infant (Maruyama et al. 2000). This must be one 
of the prime hypotheses to be tested in future and 
ongoing studies of HB etiology.

An alternative hypothesis was suggested by Latini 
(2004) who proposed that exposure to di-(2-ethyl-
hexyl)phthalate (DEHP) may be a factor. DEHP is a 
plasticizer widely used in polyvinyl chloride (PVC), 
medical, and many consumer products. Leaching of 
DEHP from these products is known to occur and pre-
natal exposure appears to be associated with shorter 
gestation (Whyatt et al. 2009; Latini et al. 2003). 
Furthermore, in experimental models DEHP is a rodent 
hepatocarcinogen (Maloney and Waxman 1999). The 
US Food and Drug Administration, Center for Devices 
and Radiological Health, considered that infants in 
neonatal intensive care units constituted a population 
at increased risk of toxicity due to multiple medical 
device-related exposure to DEHP (US Food and Drug 
Administration, accessed April 2010).

A question for future studies is whether postnatal 
exposures are only of etiological significance in the 
setting of neonatal intensive care of the extremely 

premature infant, or might apply to related exposures 
in more mature infants, but perhaps with a lower asso-
ciated risk. Even in babies weighing less than 1,000 g, 
although the RR of HB is high, the absolute risk is still 
quite small and probably of the order of about 0.5% 
(Oue et al. 2003; Tanimura et al. 1998). Monitoring of 
these infants during their early years should be consid-
ered with a view to early detection.

The association with maternal prenatal tobacco 
smoke and stronger association when both parents are 
smokers can be interpreted as a transplacental carcino-
genic effect of tobacco products. These exposures, 
although involuntary, involve direct exposure of the 
fetal liver, and potential levels of exposure to tobacco 
products are therefore higher than those associated 
with passive smoking. Tobacco smoke contains over 
60 substances classified by IARC as carcinogenic to 
humans. Many of these are known to cross the placenta 
and impact on pregnancy outcome (Wu et al. 2007; 
Windham et al. 1992, 2000).

Tobacco carcinogens include: N-nitroso com-
pounds, aromatic amines, and polycyclic aromatic 
hydrocarbons. These interact with DNA and muta-
tions, which are directly attributable to tobacco car-
cinogens, are detected in smokers’ lung cancers. The 
most likely candidates as transplacental liver carcino-
gens are N-nitroso compounds that have been shown 
to induce malignant liver tumors following transpla-
cental exposure in experimental animals (Anderson 
et al. 1989; Beebe et al. 1993). The identification of a 
causal link between parental tobacco smoking and HB 
provides a model of human transplacental liver car-
cinogenesis. Transplacental carcinogens from other 
sources, e.g., dietary N-nitroso compounds, should be 
the focus of future studies.

The proportion of total HB cases attributable to 
heritable and sporadic and isolated congenital malfor-
mations is uncertain. Also uncertain is whether and 
how frequently new germline mutations, arising in 
parental germ cells, occur. If these do occur, then the 
question of whether they are due to endogenous pro-
cesses or to parental exposures must be addressed.

It might be predicted that cases of HB associated 
with syndromes and congenital anomalies would occur 
at the younger end of the HB age-incidence distribu-
tion. However, a review of published cases cited in this 
chapter shows a broad range of ages at diagnosis from 
soon after birth to nearly 10 years. Although some of 
this variation may be due to differences in genetic basis 
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of the various conditions, even among cases associated 
with APC mutations, there is a difference of almost 
10 years between the youngest and oldest cases 
(Hirschman et al. 2005). Different APC mutations may 
be more or less penetrant for HB but other endogenous 
and environmental factors may also influence if and 
when HB develops in APC mutation carriers and in 
children with other predisposing conditions. Risk and 
age of onset of HB may vary with polymorphic vari-
ants in metabolic and other genes in mothers (transpla-
cental exposures) and case children (Pakakasama et al. 
2003, 2004; Wu et al. 2007).

Epigenetic changes are found in many cases includ-
ing those associated with BWS (Weksberg et al. 2003, 
2005; DeBaun et al. 2002). Exogenous factors may 
lead to epigenetic modifications early in pre- and post-
natal life, especially at critical periods in development 
(Jirtle and Skinner 2007; Waterland and Michels 2007; 
Heijmans et al. 2008). Assisted reproductive technolo-
gies (ART) may be a special example of this and some 
data on rates of occurrence of imprinting disorders, 
including BWS, among children conceived by ART, 
suggest an increased risk (Gosden et al. 2003; Weksberg 
et al. 2003). The possibility of environmentally induced 
epigenetic modification is clearly another area for con-
sideration in future studies of HB etiology.

While the etiology of HCC is largely known, there 
are still some outstanding questions regarding child-
hood cases. The proportion of cases due to HBV, HCV, 
and known constitutional disorders requires clarifica-
tion. Whether there are residual cases of currently 
unknown etiology needs to be determined and genera-
tion of hypotheses about causation will be necessary. 
Reasons for the development of this usually adult-
onset cancer at very young ages should be sought, and 
genetic variations in susceptibility to exogenous risk 
factors such as HBV should be investigated. The pos-
sibility that risk factors for HB might also apply to 
HCC and other pediatric liver tumors should be 
considered.

3.5  Conclusions

In spite of the rarity of pediatric liver tumors and the 
lack of comprehensive studies of etiology, a number of 
substantive risk factors have emerged. These include 
VLBW and parental prenatal tobacco smoking, both 

of which involve environmental exposures. The clas-
sification by IARC of tobacco smoking as a carcino-
gen for hepatoblastoma provides another strong 
reason for discouraging cigarette smoking among 
parents of young children and those approaching par-
enthood. Mention of this association should be 
included in governmental and other tobacco control 
strategies aimed at improving the health of children 
as well as adults.

Although we do not yet understand the mechanisms 
involved in the increased risk for the HB associated 
with VLBW, the association is apparently causal and 
appears to involve aspects of neonatal intensive care. 
The risk, though greatly increased above population 
levels, is still very small and until mechanisms are elu-
cidated, there is no justification for modifying clinical 
practice. However, VLBW infants should be moni-
tored to ensure early diagnosis of HB wherever possi-
ble (Maruyama et al. 2000).

In children with congenital malformations and 
other predisposition syndromes with an estab-
lished increased risk of HB, surveillance proto-
cols already exist (Rao et al. 2008; Zarate et al. 
2009). Implementation of such protocols should be 
 considered in centers where this is not already the 
practice. Successful vaccination programs for HBV 
have been established in some hyperendemic areas 
and have demonstrated their effectiveness in the 
control of HCC. In the future, it may be possible to 
enhance the control of HCC worldwide.

The challenges for future and ongoing studies of 
etiology are to understand the mechanisms associated 
with currently known risk factors and to consider 
whether these explain more cases than currently recog-
nized. Given the inherent vulnerability of the fetal and 
infant liver, timing, route of exposure, and individual 
genetic make up may affect the outcome in terms of 
specific tumor development and age of onset. Large 
cooperative international studies are required to explore 
these issues further. Population-based cancer registries 
will continue to play a vital role in monitoring inci-
dence internationally.
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 4.1  Introduction

The purpose of this chapter is to describe briefly the 
molecular features of hepatoblastoma (HB), the most 
common hepatic malignancy in early childhood. As this 
tumor replicates the phenotypic and biological features 
of the developing liver, many processes known to be 
essential in early embryonic development are impli-
cated in the genesis of HB. Today’s knowledge of the 
molecular components and mechanisms by which these 
liver tumors develop and progress is currently used to 
establish accurate tumor-specific diagnostic tools, sys-
tems for predicting prognosis and response to therapy 
and, ultimately, potential novel therapeutic strategies. 
Promising approaches integrating molecular and 
genetic information into traditional morphology-based 
classification schemes are now on the brink of provid-
ing the basis for a risk-adapted and clinically meaning-
ful stratification of patients who either benefit from 
conventional therapies or are amenable to more targeted 
forms of treatment.

4.2  Basics of Hepatoblastoma

HB is a rare malignancy of the liver affecting about 
1/1,000,000 children under the age of 15 in Western 
countries (Mann et al. 1990). Although relatively rare, it 
is still the most common liver tumor of childhood, com-
prising 50–60% of all hepatic neoplasms in this age 
group and particularly affecting infants and toddlers 
between 6 months and 3 years of age, preferentially 
males (Weinberg and Finegold 1983). Serum alpha feto-
protein (AFP) is currently the most important tumor 
marker in HB, as it is elevated in approximately 80% of 
the patients (von Schweinitz et al. 1994), but patients 
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with low or negative AFP exist and fare worse than those 
with elevated AFP levels (von Schweinitz et al. 1997). 
Although the etiology of HB remains unknown, distur-
bance of normal differentiation during hepatogenesis is 
thought to give rise to a wide spectrum of HB subtypes 
comprising epithelial phenotypes (differentiated fetal 
and less differentiated embryonal) and mesenchymal 
elements such as immature fibrous tissue or spindle cells 
and osteoid (Weinberg and Finegold 1983). In addition, 
a small fraction of HB with a small cell undifferentiated 
subtype exists, which is associated with a worse progno-
sis (Haas et al. 2001; Trobaugh-Lotrario et al. 2009).

4.3  Familial Forms of Hepatoblastoma

Although most HB are sporadic, this tumor has been 
described in association with a variety of inherited 
cancer syndromes (Table 4.1). The Beckwith–
Wiedemann syndrome (BWS) is a well-recognized 
overgrowth syndrome characterized by macroglossia, 
macrosomia, omphalocele, hepatomegaly, nephromeg-
aly, and hemihypertrophy (Engstrom et al. 1988). 
Besides these complications, a major issue of BWS is 
cancer predisposition with highest risk of neoplasia in 
the first decade of life. The most commonly reported 
tumors in BWS are Wilms’ tumor (43%), HB (20%), 
and adrenocortical carcinoma (7%), although most 
children with BWS do not develop cancer (Lapunzina 
2005). Due to the relative high incidence of HB in chil-
dren with BWS, sonographic surveillance and serum 
AFP screening has been considered (Clericuzio et al. 
2003). Imprinting defects involving the short arm of 
chromosome 11 at 11p15.5 have been implicated as  
a possible pathogenic mechanism in these patients 

(Weksberg et al. 1993a, b). This locus contains several 
genes involved in growth regulation including the 
insulin-like growth factor 2 (IGF2) gene, a maternally 
imprinted fetal growth factor gene regulating cellular 
proliferation and differentiation (Pollak 2008).

Familial adenomatous polyposis (FAP) is an auto-
somal-dominant cancer predisposition syndrome caused 
by germ-line mutations in the tumor suppressor gene 
adenomatous polyposis coli (APC) (Rustgi 2007). 
Affected individuals characteristically develop hundreds 
to thousands of colorectal adenomas, a small proportion 
of which will invariably progress to colorectal carcinoma 
if not surgically removed. The incidence of HB in chil-
dren of FAP patients is estimated to be between 0.42% 
and 0.75%, with a median age at diagnosis similar to that 
of sporadic HB (Hughes and Michels 1992). Gardner 
syndrome representing a variant of FAP in which des-
moid tumors and osteomas occur together with multiple 
adenomas of the colon and rectum (Nishisho et al. 1991) 
is also related to the APC gene and consistently presents 
with HB (Krush et al. 1988). As for BWS, it has been 
suggested that children at risk for FAP should be closely 
monitored by measurement of serum AFP levels and 
abdominal ultrasound (Aretz et al. 2006).

Li–Fraumeni syndrome (LFS) is an autosomal dom-
inant inherited cancer predisposition syndrome char-
acterized by leukemia as well as multiple tumors of 
soft tissue, bone, breast, brain, and kidney at early ages 
(Li et al. 1988). LFS patients carry germ-line muta-
tions in the tumor suppressor gene TP53 and present  
in 1% of all cases with HB (Nichols et al. 2001). 
Interestingly, TP53 mutations are also detected in 24% 
of sporadic HB (Curia et al. 2008).

Simpson–Golabi–Behmel syndrome (SGBS) is an 
X-linked overgrowth disorder comprising multiple 
congenital abnormalities and increased risk for the 

Genetic syndrome Gene/locus Cytogenetic locus Presumed function

Beckwith–Wiedemann syndrome IGF2/H19 11p15.5 Fetal growth factor/noncoding RNA

Familial adenomatous polyposis/
Gardner syndrome

APC 5q21-q22 Antagonist of Wnt signaling

Li–Fraumeni syndrome TP53 17p13.1 Inducer of cell cycle arrest, apoptosis, 
senescence, and DNA repair

Simpson–Golabi–Behmel syndrome GPC3 Xq26 Regulator of cell division and growth

Sotos syndrome NSD1 5q35 Histone methyltransferase

Neurofibromatosis type 1 NF1 17q11.2 Negative regulator of ras signaling

Table 4.1 Congenital or genetic syndromes with presentations of hepatoblastoma
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development of cancer (Behmel et al. 1984; Golabi 
et al. 1984). Besides Wilms’ tumor, the occurrence of 
HB has been reported for single SGBS patients, who 
frequently carry mutations in the glypican 3 (GPC3) 
gene (Li et al. 2001).

Sotos syndrome is an autosomal dominant inherited 
childhood overgrowth disease characterized by accel-
erated growth, macrocephaly, distinctive facial fea-
tures, and developmental delay (Cole and Hughes 
1994). Malignant neoplasias associated with this syn-
drome comprise neuroblastoma, Wilms’ tumor, and 
teratoma. There is a single case of a 21-month-old boy 
diagnosed with Sotos syndrome, who developed HB 
(Kato et al. 2009). Interestingly, the tumor displayed a 
microdeletion of 5q35 in the region of the nuclear 
receptor binding SET domain protein 1 (NSD1) gene, 
which is characteristic for Sotos syndrome.

The hallmark of neurofibromatosis type 1 (NF1) is 
the development of benign tumors, including peripheral 
and plexiform neurofibromas (Matsui et al. 1993). There 
is a single case of a 9-month-old boy diagnosed with 
NF1 by the existence of numerous café-au-lait spots 
throughout the trunk and extremities, who developed a 
well-differentiated fetal HB (Ucar et al. 2007). However, 
a screen for mutations in the neurofibromatosis-related 
NF1 gene has not been performed in this patient.

4.4  Chromosomal Abnormalities  
in Hepatoblastoma

Analysis of chromosomal and genomic aberrations has 
become a crucial factor in the description of genes and 
signaling pathways driving development and progres-
sion of human cancers. The first attempts to elaborate 
on the biology of HB have made use of conventional 
cytogenetics by analyzing chromosomes prepared 
from short time cultures of disaggregated tumor tissue. 
These studies have so far analyzed more than 150 
tumor karyotypes and revealed that HB cells are often 
diploid or hyperdiploid, and usually harbor a limited 
number of chromosomal abnormalities (summarized 
in Tomlinson et al. (2005)). The most common chro-
mosomal alterations found in HB are trisomy 2, 8, and 
20 (Fig. 4.1a). Other numerical abnormalities in order 
of decreasing frequency are extra copies of chromo-
somes 7, 19, 5, 6, 22, 12, 17, 16, 13, 14, 1, 15, 21, and 
10 (Tomlinson et al. 2005). Chromosomal losses are 

less frequent in HB and occur as monosomies 4, 9, 14, 
15, 18, and 21 (Fig. 4.1b). Structural aberrations pre-
dominantly involve chromosomes 1, 2, and 4, with 
1q12-q21, 2q35-q37, and 4q34 being the most com-
mon chromosomal breakpoints (Schneider et al. 1997; 
Tomlinson et al. 2005; Yeh et al. 2000). However, the 
seven permanent HB cell lines published so far are 
cytogenetically heterogeneous, except for the gain of 
chromosome 20 (Scheil et al. 2003).

Comparative genomic hybridization (CGH), which 
allows for the detection of genomic imbalances within 
a tumor genome in a single fluorescence in situ hybrid-
ization experiment, has proven a valuable tool to fur-
ther narrow down chromosomal regions identified in 
HB by classical cytogenetics (Gray et al. 2000b; Scheil 
et al. 2003; Stejskalova et al. 2009; Weber et al. 2000). 
On the basis of CGH, gains were frequently found on 
2q (47%) and 1q (43%), followed by 8q (15%), 17q 
(15%; Fig. 4.1c) and 20 (25%). Losses are much rarer 
and mainly affect the chromosomal arm 4q (9%). 
Interestingly, chromosomal gains on 8q and 20 can 
serve as a predictor of poor outcome, since both altera-
tions when taken together occur in 75% of patients 
who died from disease, compared to 12% in patients 
who survived (Weber et al. 2000). Another advantage 
of CGH is that it could provide information on chro-
mosomal sites harboring amplified DNA sequences. 
The existence of high-level gene amplifications in HB 
was already known from cytogenetic analyses by the 
detection of so-called double-minute chromosomes, 
small fragments of extrachromosomal material. The 
most relevant regions detected by CGH and suspected 
to contain HB-relevant genes are 1q25.21-q44, 2q24, 
8q11.2-q13, 8q11.2-q21.3, and 10q24-q26 (Gray et al. 
2000b; Scheil et al. 2003; Weber et al. 2000).

The recent development of whole-genome DNA 
chip-based technologies has further advanced the detec-
tion limit of chromosomal aberrations in HB (Adesina 
et al. 2007; Cairo et al. 2008; Stejskalova et al. 2009; 
Suzuki et al. 2008). One of the first studies was per-
formed on a bacterial artificial chromosome (BAC) 
array depicting frequent gains at the 14q12 locus, which 
harbors the forkhead box G1 (FOXG1) gene (Adesina 
et al. 2007). By using high-density single-nucleotide 
polymorphism microarrays, three high-grade amplifi-
cations were detected at 7q34, 11q22.2, and 14q11.2 
(Suzuki et al. 2008). Genes that map to these regions 
include ephrin receptor B6 (EPHB6), three matrix 
metallopeptidases (MMP1, MMP7, MMP20), and 
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defender against cell death 1 (DAD1). However, the 
candidate genes representing the targets of these gains 
and/or amplifications identified so far have neither 
been validated in independent cohorts of HB, nor 
tested for their relevance in HB development. Using 
oligonucleotide arrays, three regions of chromosome 
2, namely, 2q13-q22, 2q36-37, and the entire  
2p arm, were found to have significantly gained in a 
subclass of HB, which is tightly associated with fea-
tures of advanced tumor stage, such as vascular inva-
sion and extrahepatic metastasis (Cairo et al. 2008).

Another approach to define chromosomal regions 
altered in tumor cells is the loss of heterozygosity 

(LOH) analysis, which makes use of so-called mic-
rosatellite markers, DNA sequence polymorphisms 
that are dispersed all over the genome and can be 
detected by means of polymerase chain reaction 
(PCR). By comparing DNA of normal and tumor tis-
sue at various heterozygous loci, tumor-specific dele-
tions of allelic sequences and their expansion can be 
precisely mapped for the genomic locus of interest. 
Several studies report on frequent LOH on chromo-
some 1p32, 1p36.3, and 11p15.5, sites suspected to 
harbor tumor suppressor genes involved in the gen-
esis of HB (Albrecht et al. 1994; Kraus et al. 1996; 
Little et al. 1988). Interestingly, lost alleles at 11p15.5 
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in HB are exclusively of maternal origin (Albrecht 
et al. 1994), a well-known phenomenon common to a 
variety of embryonal tumors, including Wilms’ tumor 
and rhabdomyosarcoma (Feinberg 1993). The 11p15.5 
locus contains several imprinted genes that are mono-
allelically expressed, namely, IGF2, H19, and KIP2, 
the latter two of which are expressed from the mater-
nal allele (Hartmann et al. 2000). Although the exact 
mechanism is still not clear, it is generally assumed 
that loss of the tumor suppressor H19 leads to activa-
tion of the reciprocally imprinted and normally silent 
maternally derived copy of IGF2 (Albrecht et al. 1994). 
Moreover, epigenetic silencing of the maternal H19 
allele and activation of both parental IGF2 alleles has 
already been deduced from analyses on BWS patients 
in whom HB development has been described earlier 
(Weksberg et al. 1993a).

In summary, many analyses have been performed 
using a variety of different methodologies, generating 
evidence on the existence of several chromosomal 
abnormalities, which might play a role in the develop-
ment of HB, but the identification of tumor-initiating 
and/or propagating genes by these approaches has not 
been successful up to now.

4.5  Altered Developmental Signaling 
Pathways in Hepatoblastoma

Childhood solid tumors are thought to arise from 
immature cells that harbor defects in molecular mech-
anisms controlling normal development (Scotting et al. 
2005). During the last 2 decades, several signal trans-
duction pathways that govern proliferation, differenti-
ation, and maturation during embryonic development 
have been implicated in cancer (Birchmeier et al. 2003; 
Klaus and Birchmeier 2008; Pollak 2008; Ruiz et al. 
2002). It is generally assumed that defects in any of the 
pathways could promote transformation making devel-
oping cells prone to tumorigenesis.

4.5.1  The Wnt Signaling Pathway

Wnt signaling plays a critical and evolutionary con-
served role in directing cell fates during embryogen-
esis. In addition, inappropriate activation of the Wnt 

signal transduction pathway is known to drive the 
development of various cancers (Klaus and Birchmeier 
2008; Polakis 2000). A key molecule of Wnt signal-
ing is b-catenin, which is under physiological condi-
tions localized at the plasma membrane of epithelial 
cells in a complex together with E-cadherin and 
a-catenin ensuring cell-cell contact as adherens junc-
tions (Fig. 4.2a). The regular fate of b-catenin is 
phosphorylation at four N-terminal serine-threonine 
residues by glycogen synthase kinase 3 (GSK3b) and 
caseine kinase 1 (CK1), which are located together 
with APC and AXIN in a cytoplasmic multi-protein 
complex. Upon phosphorylation and subsequent 
ubiquitinylation, b-catenin is degraded by the protea-
somal pathway. However, binding of Wnt ligands to 
frizzled (FZD) receptors vitally changes the scenario 
by inhibiting GSK3b activity and stabilizing b-catenin, 
which, on its part, translocates to the nucleus. Together 
with the transcription factors TCF and LEF, b-catenin 
activates the transcription of several target genes, 
such as MYC and cyclin D1 (He et al. 1998; Shtutman 
et al. 1999).

There are several mechanisms by which canonical 
Wnt signaling gets activated during cancer develop-
ment, generally leading to inappropriate stabilization 
of b-catenin in the cytoplasm (Klaus and Birchmeier 
2008; Polakis 2000). The most prominent one in HB is 
the oncogenic activation of b-catenin itself, an altera-
tion present in approx. two-thirds of all patients ana-
lyzed so far (Cairo et al. 2008; Koch et al. 1999; 
Taniguchi et al. 2002; Wei et al. 2000). This is the 
highest mutation frequency of all tumor types known 
to carry oncogenic b-catenin mutations, including  
colorectal carcinoma and melanoma (Klaus and 
Birchmeier 2008). Mutations in HB preferentially 
affect exon 3 of the b-catenin gene either by point 
mutation in codons 32, 34, 37, 41, and 45 (Fig. 4.2b 
and c), or, more frequently, by deletion of part of or the 
entire exon 3 (Fig. 4.2b). This proportion of the 
b-catenin gene encodes four amino acids (serines and 
threonine) that have been implicated in the down-reg-
ulation of b-catenin through phosphorylation by the 
GSK3b kinase (Yost et al. 1996). Nevertheless, there is 
no clear correlation between b-catenin mutation and 
loss of membrane localization. Extensive immunohis-
tological analyses revealed that a large proportion of 
tumors present with nuclear or cytoplasmic accumula-
tion of the protein, irrespective of their b-catenin muta-
tional status, suggesting alternative activation 
mechanisms (Wei et al. 2000). This is particularly 
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intriguing in view of the predominant occurrence of 
nuclear b-catenin in the embryonal subtype that has a 
more immature appearance (Fig. 4.2d), whereas the 
fetal subtype characteristically exhibits a membranous 

localization with an additional E-cadherin expression 
(Wei et al. 2000).

Loss of APC function has been suggested to display 
another activation mechanism of Wnt signaling (Klaus 
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and Birchmeier 2008). Accordingly, truncating muta-
tions of the APC gene have been characterized in both 
familial FAP-related HB and about 5% of sporadic HB 
cases (Cairo et al. 2008; Giardiello et al. 1996; Kurahashi 
et al. 1995; Oda et al. 1996). However, controversy exists 
on the relevance of APC mutations in HB development, 
as several comprehensive studies failed to detect any 
APC mutation (Koch et al. 1999; Wei et al. 2000).

Moreover, constitutive activation of b-catenin in 
cancer cells could also be achieved by loss-of-function 
mutations of the Wnt negative regulators AXIN1 and 
conductin (AXIN2) (Salahshor and Woodgett 2005). 
Of note, mutations in both the AXIN1 and AXIN2 gene 
have been identified in single cases of HB (Cairo et al. 
2008; Koch et al. 2004; Taniguchi et al. 2002).

Accumulated experimental evidence moreover indi-
cates that several inhibitors of the Wnt signaling path-
way, which are regularly induced by activation of 
canonical Wnt signaling to facilitate its own regulation, 
are frequently activated in HB. The genes encoding 
NKD1 that targets the pathway upstream of b-catenin 
by interfering with disheveled (DVL), bTrCP that is part 
of the ubiquitin ligase complex responsible for targeting 
b-catenin for proteasomal degradation as well as dick-
kopf proteins (DKK1 and DKK3) that antagonize Wnt 
signals by blocking the LRP6-frizzled complex are fre-
quently over-expressed in HB (Koch et al. 2005; Pei 
et al. 2009; Wirths et al. 2003). It has been suggested 
that the biological capability of these antagonists to 
inhibit Wnt signaling through a negative feedback loop 
is abrogated in HB, most likely because genetic altera-
tions disrupt the central multi-protein complex that con-
trols the stability of b-catenin (Koch et al. 2005).

Collectively, these data clearly show that aberrant 
Wnt signaling is a hallmark of HB. It is tempting to 
speculate that future efforts will deal with the identifi-
cation of specific inhibitors of Wnt signaling that could 
be used in therapeutic strategies to treat HB.

4.5.2  The Hedgehog Signaling Pathway

Hedgehog (HH) signaling plays a crucial role in a vari-
ety of aspects of vertebrate development, including 
pattern formation, proliferation, and differentiation of 
numerous cell types (Ruiz et al. 2002). The association 
between the HH pathway and cancer was initially 
depicted in a human cancer predisposition disease,  
the Gorlin–Goltz or nevoid basal cell carcinoma 

syndrome, by identifying germ-line mutations in the 
HH receptor gene Patched (PTCH), which results in 
inappropriate activation of the HH pathway thereby 
leading to the development of basal cell carcinoma and 
embryonal tumors such as medulloblastoma and rhab-
domyosarcoma (Gorlin 1987). In the physiological 
state of differentiated cells, the HH signaling pathway 
(Fig. 4.3a) is expected to be in the off state. This is 
achieved by the absence of the secreted HH ligands, 
which leads to the inhibition of the smoothened (SMO) 
protein by the cell surface receptor PTCH. This results 
in the sequential phosphorylation of GLI family tran-
scription factors and subsequent degradation by the 
proteasome. Binding of HH ligands to PTCH leads to 
loss of the inhibitory activity of PTCH on SMO, which 
initiates an intracellular signaling cascade by acting on 
a multi-protein complex consisting of fused (FU), sup-
pressor of fused (SUFU), kinesins (KIF), and GLI. 
This leads to stabilization and nuclear localization of 
GLI, which drives transcriptional activation of HH  
target genes, such as BCL2 (Bigelow et al. 2004; Regl 
et al. 2004), FOXM1 (Teh et al. 2002), CCND1 (Kenney 
and Rowitch 2000), MYCN (Kenney et al. 2003), IGF2 
(Hahn et al. 2000), and PTCH itself (Goodrich et al. 
1996), which leads to a negative feedback ensuring 
precise regulation of the pathway.

Two types of HH pathway activation have been 
described in human cancers: mutational activation by 
loss-of-function of repressors (PTCH and SUFU) or 
gain-of-function of activators (SMO and GLI1), and 
overabundance of HH ligands (Rubin and de Sauvage 
2006). The second category of HH-associated tumors 
have been described to be driven by either an autocrine 
or paracrine stimulation of HH ligands secreted by the 
tumor cells themselves or the stromal surrounding. HB 
is believed to belong to the ligand-driven group of 
HH-associated tumors, as high mRNA or protein lev-
els of HH ligands have been found in approximately 
65% of HB cases (Eichenmuller et al. 2009; Oue et al. 
2010). Consequently, upregulation of the downstream 
targets GLI1, BCL2, and PTCH is present in a large 
proportion of HB tumors, as compared to normal fetal 
and adult liver. Interestingly, a dramatic downregula-
tion of the hedgehog interacting protein (HHIP) was 
also detected in HB (Eichenmuller et al. 2009), which 
is a well-established negative regulator of hedgehog 
signaling (Chuang and McMahon 1999). It is impor-
tant to emphasize that comparative genomic approaches 
have revealed common deletions at the HHIP locus on 
chromosome 4q28–32 in 10–18% of HB cases, thus 
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making downregulation of HHIP through genomic 
alterations in a subset of tumors conceivable (Gray 
et al. 2000b; Suzuki et al. 2008; Weber et al. 2000).

Collectively, these studies clearly bolster the rele-
vance of an activated HH signaling pathway in HB. 
Although a comprehensive sequencing analysis of HH 
components is lacking, autocrine stimulation through 
endogenous expression of HH ligands in tumor cells 
along with downregulation of the HHIP gene can be 
anticipated as the driving forces for HH activation in 

HB. In line with this, blocking HH signaling by the 
SMO inhibitor cyclopamine has already been shown to 
successfully induce growth inhibition and apoptosis in 
HB cells (Eichenmuller et al. 2009).

4.5.3  The Insulin-Like Growth Factor Axis

Activation of the IGF signaling pathway is a well-
known aspect in the genesis of embryonal tumors such 
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as Wilms’ tumor, rhabdomyosarcoma, and HB (Scotting 
et al. 2005). Activation of the IGF axis is initiated by 
binding of the ligands IGF1 and IGF2 to and subse-
quent activation of the type 1 insulin-like growth factor 
receptor (IGF1R), which in turn triggers inactivation of 
proapoptotic factors and confers a survival advantage 
to a wide range of cell types (Manning and Cantley 
2007). Consequently, aberrant up-regulation of IGF1R 
and/or its ligands IGF1 and IGF2 is known from a vari-
ety of human cancers (Pollak et al. 2004). The prevail-
ing mechanism for IGF pathway activation in HB has 
been allocated to the over-expression of IGF2, which is 
a result of genetic and epigenetic alterations at the 
IGF2/H19 locus (Gray et al. 2000a; Hartmann et al. 
2000; Li et al. 1995) and causes activation of the 
downstream survival factor AKT (Manning and Cantley 
2007; Pollak et al. 2004).

Since early studies on Wilms’ tumor and rhab-
domyosarcoma have suggested that loss of imprinting 
(LOI) and subsequent biallelic expression of the gene 
is a major cause for IGF2 upregulation in these 
embryonal tumors (Anderson et al. 1999; Taniguchi 
et al. 1995), several attempts have been made to prove 
this mechanistic basis for HB (Albrecht et al. 1994; 
Eriksson et al. 2001; Hartmann et al. 2000; Li et al. 
1995). However, these studies have scarcely detected 
LOI due to a limited number of tumors with informa-
tive polymorphisms in the IGF2/H19 locus, ending up 
with the suggestion that molecular mechanisms other 
than LOI must cause the frequently observed over-
expression of IGF2 in HB. One explanation came 
from the finding that the PLAG1 gene, which codes 
for a positive regulator of IGF2 (Voz et al. 2000), is 
frequently amplified and thus over-expressed in HB 
(Zatkova et al. 2004). However, a recent study came 
up with the analysis of 54 HB that reports on a fre-
quency of LOI of 17% in their HB collection (Honda 
et al. 2008a). These data suggest that disruption of the 
methylation-dependent enhancer competition model 
of the IGF2/H19 locus reported for Wilms’ tumor and 
rhabdomyosarcoma may also apply for HB.

Oncogenic mutations affecting the PI3KCA gene, 
which encodes the p110a phosphatidylinositol- 
3¢-kinase (PI3K) catalytic subunit, have been described 
to be an alternative activation mechanism of the  
IGF/PI3K/AKT pathway (Samuels et al. 2004). In -
terestingly, a single case of HB with a PI3KCA muta-
tion has recently been described (Hartmann et al. 
2009). The same study has convincingly shown that 
the downstream targets of the IGF2 axis, namely, AKT 

and mTOR, are strongly expressed and activated by 
phosphorylation in the vast majority of HB. Moreover, 
it seems that HB cells strongly depend on an activated 
IGF/PI3K/AKT pathway, as in vitro experiments 
clearly demonstrate a dramatic loss of viability upon 
the addition of PI3K inhibitors (Hartmann et al. 2009). 
This approach is especially interesting in view of the 
finding that inhibition of IGF/PI3K/AKT signaling 
sensitizes HB cells for chemotherapeutic treatments 
(Hartmann et al. 2009).

Altogether, these data clearly indicate that HB 
strongly depends on the activation of the IGF/PI3K/
AKT pathway, although the exact causing mechanism 
for the aberrant activation still remains elusive.

4.5.4  The Hepatocyte Growth  
Factor/c-Met Pathway

The hepatocyte growth factor/scatter factor (HGF)  
is a pleiotropic molecule that stimulates a variety of  
cellular responses including angiogenesis, cellular 
motility, growth, invasion, morphological differentia-
tion, embryological development, tissue regenera-
tion, and wound healing (Birchmeier et al. 2003). 
HGF is mainly expressed by mesenchymal cells and 
acts as the natural ligand for the receptor tyrosine 
kinase c-Met, which is consistently expressed on  
epithelial cells. Deletion of either gene causes lethal 
disruption to embryogenesis and widespread expres-
sion persists throughout adulthood (Birchmeier et al. 
2003). The HGF/c-Met signal is transmitted via the 
PI3K/AKT and mitogen-activated protein kinase 
(MAPK) signaling pathways (Potempa and Ridley 
1998).

Highly elevated serum levels of HGF are a striking 
feature in HB patients at the time of diagnosis (von 
Schweinitz et al. 1998, 2000; Weinberg and Finegold 
1983). Interestingly, an increase of up to fourfold in 
HGF was detected in 10 out of 12 children as early as 
24–72 h after liver resection (von Schweinitz et al. 
2000). This pre- and post-operative increase of HGF 
serum levels is suspected to promote growth and pro-
gression of residual tumor cells after incomplete resec-
tion in HB patients. However, data suggest that HGF 
has no direct impact on overall cell viability and prolif-
eration of HB cells, although signal transduction occurs 
downstream of HGF, such as c-Met phosphorylation 
and activation of PI3K/AKT and MAPK signaling 
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(Grotegut et al. 2010). Instead of being mitogenic, HGF 
confers anti-apoptotic properties upon serum starvation 
and moreover protects HB cells against strong apop-
totic inducers such as cisplatin and camptothecin, 
thereby contributing to chemotherapeutic resistance. 
This effect is mainly dependent on the PI3K/AKT sig-
naling pathway, since inhibition by wortmannin results 
in abrogation of HGF-mediated survival, whereas inhi-
bition of the MAPK pathway has no effect.

New data convincingly demonstrate that HGF is 
also implicated in cell scattering, migration, and inva-
sion of HB cells (Grotegut et al. 2006). HGF mediates 
downregulation of the adhesion-ensuring genes 
E-cadherin and claudin-3 via the zinc-finger transcrip-
tion factor Snail, thereby highlighting its importance 
in tumor progression. Interestingly, HGF and c-Met 
have been recently proposed as potential targets for 
therapeutic intervention in hepatocellular carcinoma 
(Son et al. 2006).

Altogether, these findings highlight the importance 
of HGF in tumor cell survival and suggest that HGF 
and its cognate receptor c-Met should be considered as 
a candidate for combined therapeutic strategies of 
advanced HB.

4.6  Epigenetically Altered  
Tumor Suppressor Genes  
in Hepatoblastoma

Epigenetics is defined as heritable cellular information 
that is encoded by mechanisms other than the DNA 
sequence itself (Feinberg and Tycko 2004). There are 
three main types of epigenetic information: DNA 
methylation, genomic imprinting, and histone modifi-
cation. The most prominent epigenetic mechanism 
described to play a role in cancer formation and pro-
gression displays hypermethylation of promoter 
regions (Fig. 4.3b), which results in transcriptional 
silencing of the respective genes (Baylin and Ohm 
2006). DNA methylation may inactivate tumor sup-
pressor genes alone or in concert with classical genetic 
mechanisms such as point mutations or deletions 
(Esteller 2002). Extensive work has been conducted to 
study the role of epigenetically silenced genes in HB, 
mainly focusing on genes known to be involved in the 
developmental signaling pathways and apoptosis 
(Eichenmuller et al. 2009; Harada et al. 2002; Honda 

et al. 2008b; Nagai et al. 2003; Sakamoto et al. 2010; 
Shih et al. 2007; Shim et al. 2003; Sugawara et al. 
2007). However, only for some of these genes an aber-
rant methylation has been proven (Table 4.2), of which 
two might serve as markers for poor prognosis.

Secreted frizzled-related proteins (SFRPs) are a 
family of secreted glycoproteins that have been identi-
fied as negative regulators of the Wnt signaling path-
way by competing with frizzled for binding of Wnt 
ligands (Jones and Jomary 2002). Promoter hyper-
methylation and subsequent silencing of SFRP genes is  
a well-known mechanism to activate Wnt signaling 
(Suzuki et al. 2004). The SFRP1 gene is the first candi-
date of this family, which has been shown to be epige-
netically silenced in liver cancers, namely, hepatocellular 
carcinoma (Shih et al. 2006), HB (Sakamoto et al. 
2010), and the two HB cell lines, HUH6 and HepG2 
(Shih et al. 2007). Interestingly, restoring SFRP func-
tion is suggested to attenuate Wnt signaling even in the 
presence of downstream mutations in b-catenin (Suzuki 
et al. 2004). Other family members such as SFRP2, 
SFRP4, and SFRP5 seem to lack promoter methylation 
in primary HB (Sugawara et al. 2007).

Another inhibitory component of Wnt signaling 
encoded by the APC gene is known to be mutated  
in about 5% of sporadic HB cases (Cairo et al. 2008; 
Giardiello et al. 1996; Kurahashi et al. 1995; Oda et al. 
1996). New data report on APC promoter methylation 
in 30% of sporadic HB thereby suggesting an alternative 
mechanism by which APC expression could be down-

Gene Description Locus Methylation  
frequency (%)

SFRP1 Secreted frizzled-
related protein 1

8p11.21 20

APC Adenomatous 
polyposis coli

5q21-q22 30

HHIP Hedgehog 
interacting protein

4q28–32 26

SOCS1 Suppressor  
of cytokine 
signaling 1

16p13.13 40–47

CASP8 caspase 8 2q33-q34 15

MT1G metallothionein 1G 16q13 55

RASSF1A ras association 
domain family 
protein 1 isoform A

3p21.3 19–80

Table 4.2 Epigenetically silenced genes in hepatoblastoma
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regulated, which culminates in Wnt signaling activa-
tion (Sakamoto et al. 2010).

The HHIP protein functions as a negative regulator 
of hedgehog signaling by competitively binding HH 
ligands (Chuang and McMahon 1999). The HHIP pro-
moter is methylated in a large proportion of HB, whereas 
normal liver tissue is unmethylated (Eichenmuller et al. 
2009). Interestingly, promoter methylation of the HHIP 
gene (Fig. 4.3c) is strongly associated with a decreased 
expression in the respective tumors (Fig. 4.3d). Aberrant 
HHIP methylation and subsequent low expression  
of HHIP strengthen the importance of a mechanism  
by which the negative regulatory feedback loop of  
HHIP might be lost or abolished in HB by promoter 
methylation.

The suppressor of cytokine signaling 1 (SOCS1) 
gene encodes a Janus kinase (JAK)-binding protein 
that regulates the JAK/STAT signal transduction path-
way (Naka et al. 1997). Inactivation of this gene by 
promoter methylation is present in hepatocellular car-
cinoma (Yoshikawa et al. 2001) and HB tumors (Nagai 
et al. 2003; Sakamoto et al. 2010), and the restoration 
of SOCS1 leads to suppression of growth and induc-
tion of apoptosis in liver cancer cells (Yoshikawa et al. 
2001). Of note, SOCS1 methylation is associated with 
the fetal histological type of HB (Honda et al. 2008b).

Caspase 8 belongs to the caspase family of proteases 
and plays a key role in the regulation of apoptosis (Fulda 
2009). Inactivation of CASP8 by promoter methylation 
is known to promote tumor progression as well as resis-
tance to current treatment approaches in a variety of 
human cancers. Hypermethylation of the CASP8 pro-
moter is found in a small proportion of HB and is asso-
ciated with recurrent disease (Honda et al. 2008b).

MT1G codes for the 1G subtype of metallothionein, 
which belongs to a cysteine-rich protein family that 
binds various heavy metals. Expression of metallothio-
neins can be used as a prognostic factor for tumor pro-
gression and drug resistance in a variety of malignancies 
(Eckschlager et al. 2009). Methylation of MT1G is  
a common feature of hepatocellular carcinoma (Kanda 
et al. 2009) and HB (Sakamoto et al. 2010). Interestingly, 
MT1G methylation level is correlated with poor out-
come in HB (Sakamoto et al. 2010).

Ras association domain family 1 isoform A 
(RASSF1A) is a tumor suppressor exhibiting epigenetic 
silencing in many human cancers (Avruch et al. 2009), 
including hepatocellular carcinoma (Schagdarsurengin 
et al. 2003) and HB (Harada et al. 2002; Honda et al. 

2008b; Sakamoto et al. 2010; Sugawara et al. 2007). 
Consequently, reexpression of RASSF1A relays pro-
apoptotic and anti-proliferative effects on tumor cells. 
RASSF1A is the gene with the highest methylation rate 
in HB, with reported frequencies ranging from 19% up 
to 80%. Remarkably, it seems that RASSF1A promoter 
methylation is a promising marker for predicting prog-
nosis of HB patients (Honda et al. 2008b; Sugawara 
et al. 2007). RASSF1A methylation is significantly asso-
ciated with age ³2 years, advanced tumor stage, poor 
outcome, and tends to be associated with refractoriness 
to cisplatin-based chemotherapy (Sugawara et al. 2007). 
Thus, the RASSF1A methylation status could be useful 
to identify patients who are likely to suffer recurrences 
or death from disease (Honda et al. 2008b).

In summary, increasing evidence demonstrates that 
promoter hypermethylation is a common feature of 
HB, especially affecting genes involved in survival and 
apoptosis processes. Thus, it should be considered that 
demethylating drugs, which have already been under 
clinical evaluation (Sigalotti et al. 2007), might be 
introduced into future treatment protocols as a novel 
therapeutic option for high-risk HB.

4.7  Gene Signatures as Predictors  
of Outcome

Increasing evidence indicates that gene expression 
information generated by DNA microarray analysis of 
human tumors can provide molecular phenotyping that 
identifies distinct tumor classifications not evident by 
traditional histopathological methods. The promise of 
such information lies in the potential to improve clini-
cal decisions and strategies used to treat cancer patients. 
Indeed, traditional methods of phenotypic character-
ization do not have the ability to discern subtle differ-
ences that may be of importance for developing a better 
understanding of the tumor and advancing therapeutic 
strategies for the treatment of disease.

The first attempts to study gene expression in HB in a 
more holistic fashion were based on comparisons of HB 
specimens and non-diseased liver tissues by virtue of 
high-density oligonucleotide DNA arrays (Nagata et al. 
2003). Besides confirming IGF2 as the most prominent 
upregulated gene in HB, this first screen identified two 
new interesting candidate genes: stathmin 1 (STNM1), 
which encodes a protein involved in the disassembly of 
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microtubule filaments, and  insulin-like growth factor 
binding protein 4 (IGFBP4), encoding a multifunctional 
protein produced by the liver, which mediates growth 
suppression and induction of apoptosis by competi-
tively binding IGFs (Clemmons 1997). Upregulation of 
STNM1 is known from several cancers to be positively 
associated with metastasis, vascular invasion, advanced 
tumor stage, and poor outcome, including hepatocel-
lular carcinoma (Gan et al. 2010; Singer et al. 2007). 
Suppression of IGFBP4 might influence HB cells in a 
dual fashion by elevating the levels of IGFs and attenu-
ating inhibition of the canonical Wnt pathway (Zhu et al. 
2008). Although the exact contribution of these genes 
in the genesis and progression of HB is still unclear, it 
might be deduced from these data that other than the 
above mentioned mechanisms these might also contrib-
ute to the activation of the Wnt and IGF developmental 
signaling pathways.

A much more comprehensive microarray study has 
recently described a large set of genes significantly 
deregulated in HB (Cairo et al. 2008). Strikingly, Wnt 
signaling components such as AXIN2, LEF1, DVL2, 
DVL3, DKK1, and DKK4 are largely upregulated in 
HB compared to normal liver tissue. Moreover, several 
imprinted genes abundantly expressed in fetal liver, 
such as IGF2, DLK1, PEG3, PEG10, BEX1, NDN, and 
MEG3 are strongly elevated in tumor tissues, suggest-
ing a prominent role of epigenetic derailment in the 
development of HB. More interestingly, expression 
profiling and subsequent statistical analyses were able 
to discriminate two distinct HB subtypes: the so-called 
C1 tumors comprising predominantly the fetal pheno-
type, and the C2 tumors that show a more immature 
pattern with embryonal or crowded fetal histotypes 
and a high proliferation rate (Table 4.3). Consistently, 
C2 tumors show increased levels of markers for prolif-
eration (Ki67, MYCN, Survivin) and hepatic progeni-
tors (AFP and KRT19, Ep-CAM), whereas markers for 
mature hepatocytes such as ALDH2, ALAS1, and 
UGT2B4 are markedly downregulated. Interestingly, 
the b-catenin mutation status as well as presence of the 
mesenchymal histotype is not associated with a dis-
tinct subgroup. An additional intriguing result of 
this study is that a molecular classifier consisting of 
only 16 genes (Table 4.3) is able to predict prognosis 
with an even better accuracy than the currently used 
procedure using tumor stage defined by pretreatment 
extent of disease (PRETEXT), vascular invasion, and 
extrahepatic metastases as criteria. C2 tumors were 

associated with a markedly impaired overall survival 
for these patients with a probability at 2 years of 44% 
versus 92% for patients with C1 tumors (Cairo et al. 
2008). Collectively, recent data clearly demonstrate 
that expression profiling could be efficiently used to 
disclose molecular subclasses of HB that discriminate 
between different developmental tumor stages and 
more promising clinical behavior. Thus, the 16-gene 
signature will be implemented in future clinical trials 
not only to monitor the biology of HB, but also to strat-
ify patients into risk-adapted treatment groups.
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5.1  Introduction

Liver cell tumors, in particular hepatoblastomas and 
related neoplasms, exhibit histologic features that 
appear to mimic processes taking place during normal 
hepatic organogenesis. Epithelial hepatoblastomas con-
sist of cell lineages, which resemble those appearing in 
distinct ontogenetic phases of the liver, e.g., embryonal 
and fetal-type hepatoblasts. In mixed hepatoblastomas, 
specific mesenchymal components develop, which may 
also exist in early periods of normal liver development 
(Zimmermann 2002a). The last few years have provided 
an impressive increase in our understanding of liver 
ontogeny, including the identification of the complex 
molecular machinery that drives cell lineages along a 
pathway from committed endoderm to the mature liver. 
It is tempting to assume that part of the molecular 
mechanisms operational in  normal morphogenesis is 
paralleled by respective  processes taking place in pedi-
atric liver cell tumors.

5.2  Liver Ontogenesis: Pathways  
from Endoderm to Liver

5.2.1  Generation of the Hepatoblast  
and Hepatocyte Lineages

A complex machinery endows the foregut endoderm 
with the capability to form domains of competence 
fated to become liver and pancreas. In undifferenti-
ated, multipotent endoderm cells, a network of 
 transcription factors, morphogenetic proteins, and 
growth factors renders the cells responsive for specific 
tissue-inductive, hepatogenic signals. These inductive 
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factors include FoxA and GATA-4 transcription 
 factors, fibroblast growth factors, and bone morphoge-
netic proteins (reviews: Zaret 2000; Tremblay and 
Zaret 2005; McLin and Zorn 2006; Zaret et al. 2008; 
Lemaigre 2009; Wandzioch and Zaret 2009).

The developing liver contains two main hepatocyte 
precursor cell systems, i.e., hepatic stem cells proper 
and hepatoblasts. Hepatic stem cells possess multilin-
eage or bilineage differentiation potentials and  self- 
renewing capability (Theise and Krause 2002; Dan et al. 
2006; Michalopoulos 2006). Hepatoblasts are the imme-
diate precursors of hepatocytes, a feature that they seem 
to share with hepatic stem cells. Therefore, are hepato-
blast hepatic stem cells, and where do they come from? 
Epithelial cells of the liver originate from foregut endo-
derm, and this crucial structure seems to contain progeni-
tor cells, which are primed to become hepatoblasts. The 
fated endoderm displays the future liver primordium in 
the form of thickening of the ventral endoderm epithe-
lium. The source of the later liver is the so-called liver 
bud, which is derived from the foregut endoderm and 
gives rise to hepatoblasts, which express alpha-fetopro-
tein and are located around spaces within the septum 
transversum mesenchyme. These spaces will become the 
hepatic sinusoids. The homeobox gene Hex is required 
for the generation of a liver bud from the endoderm and 
the production of hepatoblasts (Bort et al. 2006). 
Hepatoblast survival and expansion requires Prospero-
related homeobox 1 (Prox1) (Papoutsi et al. 2007; Kamiya 
et al. 2008) and the Wnt/beta-catenin signaling pathway, 
which in turn is  activated by fibroblast growth factor 10 
secreted by mesenchymal cells (Berg et al. 2007). The 
growth and maturation of the hepatoblast-containg liver 
bud depends on associated mesoderm-derived mesen-
chyme (Zaret 2000). Proliferating hepatoblasts migrate 
into the septum transversum mesenchyme in a Prox1-
dependent manner (Sosa-Pineda et al. 2000).

A differerential expression of hepatocyte nuclear 
factor 4alpha (HNF4alpha) is essential for the pathway 
leading from hepatoblasts to mature hepatocytes 
(Parviz et al. 2003), critically affecting the production 
of proteins required for cell junction assembly and 
adhesion (Battle et al. 2006). The lineage restriction of 
hepatoblasts, i.e., shutting down the cholangiocyte lin-
eage, depends on the repression of the cholangiocyte 
transcription factors, HNF1b and HNF6, and on the 
T-box transcriptional repressor Tbx3 (Suzuki et al. 
2008; Lüdtke et al. 2009).

5.2.2  Development of the Cholangiocyte 
Lineage and the Bile Duct System

Morphologically, the extrahepatic biliary tree develops 
through the lengthening of the caudal part of the hepatic 
diverticulum and is patent from beginning. In contrast, 
the construction of the intrahepatic bile duct system 
requires a unique structure developing at the interface 
between the hepatoblastic parenchyma and the portal 
mesenchymal tissue, the ductal plate, which gives rise 
to intrahepatic bile ducts, which are not patent from the 
beginning but undergo secondary remodeling. This 
process proceeds from the liver hilum toward the 
organ’s periphery along the branches of the developing 
portal venous system (Roskams and Desmet 2008).

In developmental terms, the extrahepatobiliary sys-
tem shares a common origin with the ventral pancreas 
and not the liver. The pancreatobiliary progenitor cells 
of this anlage coexpress the transcription factors PDX1 
and SOX17, and the restriction of SOX17+ biliary  
progenitors to the ventral gut region requires the  
Notch effector Hes1 (Spence et al. 2009). Intrahepatic 
 cholangiocytes differentiate from hepatoblasts in the 
vicinity of the future ductal plate, and a network of regu-
latory factors induces the cells to construct a mature bil-
iary tree, which starts from the ductal plate itself (review: 
Raynaud et al. 2009). Committment of hepatoblasts to 
future cholangiocytes is visualized by the expression of 
cytokeratin 19 in human cells. Biochemically, the earli-
est biliary lineage committment marker is the HMG box 
transcription factor Sox9 regulating the timing of the 
tubulogenic process (Antoniou et al. 2009). Early fating 
of hepatoblasts to cholangiocytes depends on Foxa tran-
scription factors (Li et al. 2009) and the differentiation 
regulator, SAL-Like 4 (Sall4) (Oikawa et al. 2009). 
HNF6 is expressed in hepatoblasts and plays a central 
role in the development of intrahepatic bile ducts, 
affecting the  expression of a second transcription fac-
tor, HNF1beta (Clotman et al. 2002). HNF1beta seems 
to be required for the generation of a luminal space 
(Tanimizu et al. 2009).The Notch  receptor group (Notch 
1–4) is differentially expressed during liver develop-
ment and plays a role in biliary morphogenesis (Zong 
et al. 2009). In the fetal liver, Notch3 is expressed  
in mesenchymal cells adjacent to ductal plate cells 
expressing Jagged1. Notch2 signaling regulates the dif-
ferentiation of biliary epithelial cells, the induction of 
tubulogenesis during development of intrahepatic bile 
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ducts, and biliary cell survival (Geisler et al. 2008; 
Lozier et al. 2008; Tchorz et al. 2009). Moreover, the 
Wnt/catenin pathway is involved in biliary morphogen-
esis. Ductal plate cells strongly express E-cadherin and 
alpha-catenin, but only weakly beta-catenin, whereas 
migrating biliary cells and immature bile ducts mark-
edly express beta-catenin in addition to alpha-catenin 
(Terada et al. 1998).

5.3  Stem Cells in the Pathogenesis  
of Hepatoblastomas

Important features of stem cells comprise pluripotency, 
self-renewal with limitless low-level proliferation, a 
long-lived undifferentiated state, and the capability to 
be primeable. Several signals and signaling pathways 
are involved to arrive at and maintain this distinct cel-
lular phenotype. Is there evidence that stem cells are 
involved in the pathogenesis of hepatoblastomas, and 
can we detect such cells in the tumors?

A stem cell role and stem cell plasticity may be 
expected in tumors with several differentiation  lineages. 
In teratoid hepatoblastoma, the presence of several cell 
lineages representing three germ layers was taken as an 
argument for the involvement of (tumor) progenitor 
cells (Kim et al. 2001). In epithelial heptoblastomas, 
cells in atypical duct-like structures were found to  
co-express stem cell markers and hepatic lineage mark-
ers (Fiegel et al. 2004), and small epithelial cells in 
hepatoblastomas expressed oval cell markers (OV-1 
and OV-6) and had oval cell features by electron 
microscopy (Ruck et al. 1996; Ruck and Xiao 2002). 
On the other hand, cells of small cell-undifferentiated 
 hepatoblastoma lacked oval cell markers in another 
investigation (Badve et al. 2003). A recent investiga-
tion showed that DLK1, a marker of bipotential oval 
cells, is upregulated in hepatoblastoma, suggesting that 
these neoplasms may originate from a bipotential pro-
genitor cell (Lopez-Terrada et al. 2009).

Are there stem cell features in more differentiated 
hepatoblastoma cells? Normal fetal human liver epi-
thelial cells display stem cell properties with multi-
lineage gene expression in vitro and are capable of 
switching into a mesodermal-endodermal phenotype, 
i.e., generation of mesenchymal lineage cells (includ-
ing osteogenic cells). This phenotype is genetically 

regulated through cytokine signaling (Inada et al. 2008). 
When analyzing epithelial hepatoblastomas, one may 
note small, more or less spherical, foci of pale cells 
(Fig. 5.1). We (Zimmermann 2005) found that these 
cell clusters have a very low proliferative  activity, simi-
lar to stem cells, while a rim of hepatoblastoma cells 
surrounding the foci are highly proliferative (Fig. 5.2). 
The cells of the clusters are poorly differentiated, 
seen in their low content in mitochondria in compari-
son with surrounding embryonal/fetal hepatoblastoma 

Fig. 5.1 This embryonal/fetal hepatoblastoma displays a focus 
(cluster) of pale and poorly diferentiated cells (below the middle 
of the figure; hematoxylin and eosin stain)

Fig. 5.2 In this immunostain for proliferation (proliferating 
cells with dark-brown nuclei), the cluster (above the center) 
exhibits minimal proliferation, whereas the hepatoblastoma cells 
directly surrounding the cluster show marked proliferative activ-
ity (Ki-67 immunostain)
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cells (Fig. 5.3). Interestingly, it is these cells that have 
nuclear reactivity for beta-catenin (likely to represent 
a mutated phenotype; Fig. 5.4), whereas surrounding 
hepatoblastoma cells display a membraneous beta-
catenin staining pattern (the nonmutated state). These 
findings suggest that the clustered cells have stem cell 
features (Zimmermann 2005).

The dilemma in understanding stem cells in mixed 
hepatoblastomas is the synchronous presence of epi-
thelial and mesenchymal lineages. This phenomenon 
may involve plasticity of hepatic stem cells (Dan et al. 
2006) and/or epithelial-mesenchymal transition, dis-
cussed later.

5.4  Undifferentiated Epithelial 
Hepatoblastomas and the  
Rhabdoid Cell/INI1 Connection

As outlined in Chap. 9, a subset of small cell 
 undifferentiated hepatoblastomas displays rhabdoid 
features and shares lack of INI1 expression with 
malignant rhabdoid tumors (MRT) (Trobaugh-Lotrario 
et al. 2009).

MRTs display a recurrent deletion in the long arm 
of chromosome 22 (22q11.2) and show mutations of 
INI1 (review: Roberts and Biegel 2009). The INI1 
gene is also known as hSNF5, BAF47, and SMARCB1. 
The human ortholog is a protein interacting with the 
HIV-1 integrase (INtegrase Interactor 1 or INI1). The 
mammalian version of the gene was later renamed 
Brg1/Brm Associated Factors complex or BAF com-
plex with molecular mass 47 kD (BAF47). The genetic 
nomenclature committee then proposed the name, 
SMARCB1, for SWI/SNF related, Matrix-associated, 
Actin-dependent Regulator of Chromatin, subfamily B, 
member 1 (Das et al. 2009; Roberts and Biegel 2009). 
Immunohistochemistry of INI1/BAF47 is established 
(Judkins 2007) and loss of INI1 immunostaining and 
INI1 mutations are correlated (Wu et al. 2008). But 
what is INI1? INI1 is a guardian of chromatin and 
DNA stability acting in the chromatin remodeling 
machinery requiring SWI/SNF complexes, which 
mobilize nucleosomes and are master regulators of 
gene expression and chromatin dynamics, and ATP-
remodeling enzymes (Martens and Winston 2003; 
Stojanova and Penn 2009; Weissman and Knudsen 
2009).The remodeling complex SNF is a partner of a 
further complex, ASCOM (activating signal cointegra-
tor2 complex), required for nuclear receptor transacti-
vation (Lee et al. 2009). In cell division, INI1 expression 
induces cell cycle arrest by blocking S phase entry at 
the G1/G0 checkpoint, linked to the pRb-E2F/
p16Ink4a/cyclinD1 pathways, and to repression of 
Polo-like kinase 1 (PLK1; spindle checkpoint), which 
is overexpressed in MRTs and small cell hepatoblasto-
mas lacking INI1 (Morozov et al. 2007; Stojanova and 
Penn 2009).

The failure of appropriate chromatin remodeling in 
MRTs and rhabdoid small cell hepatoblastomas defi-
cient in INI1 may be central to the aggressive biology 
of these tumors. Taken together, these findings 

Fig. 5.3 Mitochondrial antigen immunostain. Cluster cells are poor 
in mitochondria and thus display low differentiation, while hepato-
blastoma cells are rich in mitochondria and better differentiated

Fig. 5.4 Nuclear positivity for beta-catenin of the cells located in 
the clusters. In contrast, the surrounding hepatoblastoma cells show 
membranous beta-catenin expression (beta-catenin immunostain)
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suggest a genetic connection between a subset of 
undifferentiated hepatoblastomas and tumors with a 
rhabdoid cell lineage. The origin and features of rhab-
doid cells remain to be clarified, and this will have an 
impact on the histogenesis of hepatoblastomas and 
related tumors.

5.5  Beyond Hepatoblasts: Tumors  
with More Differentiated Liver  
Cell Lineages

Hepatoblasts give rise to differentiated liver cells and 
this process will terminate in mature hepatocytes. In 
contrast to embryonal and fetal hepatoblastomas show-
ing different steps of hepatoblast development, several 
other liver cell tumors consist of more differentiated 
liver cells and even hepatocyte-like cells. They include 
a subset of macrotrabecular hepatoblastomas, hepato-
cellular carcinoma (HCC), and the recently described 
transitional liver cell tumor (TLCT), occuring in older 
children and young adolescents (see Chap. 9). TLCT is 
of theoretical significance insofar as its cell lineages 
synchronously display features of hepatoblast-like 
cells, cholangiocyte-like cells, and hepatocyte-like 
cells and, therefore, is thought to represent a transition 
between hepatoblastoma and HCC. Irrespective of the 
morphologically more mature phenotype of both HCC 
and TLCT, most of these tumors are clinically aggres-
sive and behave differently from embryonal and fetal 
hepatoblastomas, chiefly with regard to treatment 
responses and prognosis.

In the rare macrotrabecular hepatoblastoma 
(Chap. 9), the cellular composition comes in two main 
phenotypes. In the first type, expected to be more 
aggressive, the cell plates consist of hepatocyte-like 
cells as seen in HCCs, while the second type consists 
of a mixture of embryonal and fetal hepatoblasts as 
seen in other hepatoblastomas (Zimmermann 2005). 
We have shown that TLCT shares with many hepato-
blastomas a deranged beta-catenin signaling system 
with tumor cell nuclear reactivity for beta-catenin 
(Prokurat et al. 2002), suggesting a pathogenic role for 
the Wnt/beta-catenin signaling system in the transition 
from hepatoblasts to hepatocytes in these tumors. 
Experimentally produced failure of the beta-catenin 
axis promotes an immature phenotype of hepatocytes 

(Tan et al. 2008). A recent study demonstrated that 
marked deregulation of the Wnt/beta-catenin signaling 
pathway characterizes aggressive hepatoblastomas 
(Adesina et al. 2009) and may thus represent a molecu-
lar signature for high-grade malignancy. On the other 
hand, factors known from normal hepatic ontogenesis 
may be expected to be involved in the neoplastic  
hepatoblast-hepatocyte switch, including hepatocyte 
nuclear factor 4alpha (HNF4). It has been shown that 
loss of HNF4 expression is an important determinant 
of HCC progression in mice (Lazarevich et al. 2004), 
and that differentiation of experimental HCCs can be 
induced by HNF4 (Yin et al. 2008). On the other hand, 
a recent study showed that HNF4alpha was relatively 
elevated only in embryonal hepatoblastoma (Lopez-
Terrada et al. 2009). Future studies may show whether 
macrotrabecular hepatoblastomas and TLCTs exhibit 
a deranged expression of transcription factors and/or 
homeobox gene products relevant for the generation of 
mature hepatocytes.

5.6  Bimodal Differentiation: 
Cholangioblastic Hepatoblastomas 
and Ductal Plate Tumors May 
Recapitulate Early Steps  
of Hepatogenesis

Tissue structures resembling small bile ducts and cho-
langiocytes are now known to occur in a subset of 
hepatoblastomas, termed cholangioblastic hepatoblas-
toma or hepatoblastoma with cholangioblastic features 
(Zimmermann 2002b; Chap. 9). Mechanisms and fac-
tors that induce the formation of neoplastic immature 
cholangiocytic (“cholangioblastic”) lineages are not 
yet characterized. Specifically, it has not been demon-
strated so far whether hepatoblastic and cholangioblas-
tic cells present in these tumors emerge from one set of 
progenitor cells, but it is tempting to assume that a 
bipotential precursor cell is involved. As outlined 
above, periportal stem cells of the normal liver have 
the capacity to differentiate into both, parenchymal 
cells and bile duct cells (Fiel et al. 1997; Raynaud et al. 
2009). Similar to normal liver, one or several differen-
tiation checkpoints may be present in cholangioblastic 
hepatoblastomas deciding whether a neoplastic cell 
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will follow the hepatoblast lineage or the cholangio-
cellular lineage. Molecules operational in these differ-
entation switches have been discussed above and will 
be the target of future molecular studies of these 
tumors. In a subset of tumors possessing both hepato-
cyte and cholangiocyte lineages, the phenocopy with 
regard to normal ontogeny is striking: these are the 
tumors where not only immature cholangiocytes but 
also structures resembling the ductal plate (“ductal 
plate tumors”; Gornicka et al. 2001) are generated, 
suggesting that key events in normal morphogenesis 
can be closely mimicked by tumors.

5.7  Epithelial-Mesenchymal Transition 
as a Pathogenic Mechanism  
in Mixed Hepatoblastomas  
and Related Tumors

Epithelial-mesenchymal transition (EMT) is defined 
as a process whereby polarized epithelial cells undergo 
a series of changes enabling them to assume a mesen-
chymal cell phenotype. EMT has a central role in 
development, regeneration, remodeling of tissues, and 
cancerogenesis (reviews: Guarino et al. 2007; Baum 
et al. 2008).Three types of EMT have been identified, 
viz., EMT during embryogenesis and organ develop-
ment (type 1 EMT); EMT associated with the regula-
tion of tissue turnover, inflammation, and regeneration 
(type 2 EMT); and EMT associated with cancer pro-
gression and metastasis (type 3 EMT). EMT is oper-
ated via distinct sets of cells that are termed, 
transitioning cells or cells that undergo partial EMT, 
with synchronous expression of both epithelial and 
mesenchymal markers (Zavadil and Bottinger 2005).

Apparent transitions between epithelial and mesen-
chymal phenotypes are observed in mixed epithelial and 
mesenchymal hepatoblastomas, most notably in tumor 
osteoid, where osteoblast-like cells generating bone 
matrix express a hepatocytic cytokeratin pattern. EMT 
may be a particularly distinct feature of bimorphic/
biphasic hepatic tumors where neoplastic epithelial and 
mesenchymal components come in close and highly 
characteristic association, summarized in Table 5.1.

What is the role of EMT in the liver, and how is  
it regulated? Generally, EMT occurs both in the devel-
oping and adult normal liver, but is more active in  
any process that alters the hepatic cell turnover 

(review: Choi and Diehl 2009). In principle, three 
types of adult liver cells, namely, hepatocytes, cholan-
giocytes, and hepatic stellate cells, can undergo EMT 
in cell culture. Adult hepatocytes undergoing TGFbeta-
induced EMT resemble fibroblastoid cells (Zeisberg 
et al. 2007; Godoy et al. 2009). EMT of cholangiocytes 
plays a role in several normal and pathologic processes 
(Glaser et al. 2009). Several factors have been identi-
fied to regulate EMT, and these factors also play a role 
in tumors showing EMT, where distinct molecular sig-
natures for EMT are specifically found at the cancer 
invasion front (De Wever et al. 2008). The important 
downregulation of E-cadherin expression in tumors is 
a key feature of EMT and is differentially regulated in 
epithelial cells and mesenchymal cells via activation or 
inactivation (repression) of the respective E cadherin 
promoters. During EMT, transcription factors repress-
ing E cadherin promoter induce mesenchymal features 
in epithelial cells (review: De Wever et al. 2008). A 
major step ahead was, therefore, the identification of 
transcriptional repressors, which include Snail, Slug, 
Smad interacting protein (SIP1), and deltaEF1. Other 
factors inducing EMT with loss of E cadherin are 
TWIST, homeobox-B7, FOXC2, TGF-beta1, Krüppel-
like factor 8, sonic hedgehog, and the Wnt/beta-catenin 
signaling pathway.

Epithelial hepatoblastomas are commonly poor in 
stroma, and most of the connective tissue and its extra-
cellular matrix are associated with the tumor’s vascular 
tree. The situation is very different for the second main 
type of hepatoblastomas, i.e., the mixed epithelial and 
mesenchymal type. Here, a rich non-epithelial compo-
nent is typical and may even dominate the tumor mass. 
This mesenchymal tissue shows a complex composi-
tion and derivation because, on the one hand, it is part 
of the tumor itself (neoplastic mesenchyme, including 
immature bone), whereas on the other hand, it is non-

Mixed epithelial and mesenchymal hepatoblastoma

Mesenchymal hamartoma

Undifferentiated (embryonal) sarcoma (UES)

Hepatic carcinosarcomas

Nested epithelial and stromal tumor

Pediatric hepatic stromal tumors

Table 5.1 Biphasic hepatic tumors which may result from 
disordered epithelial-mesenchymal transition [EMT] (“EMT 
tumors”; Zimmermann 2005)
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neoplastic and mainly related to the angiogenic 
response. Histologically, it is rather easy to allocate 
osteoid, chondroid tissue, and muscle tissue occurring 
in mixed hepatoblastoma to the neoplastic compart-
ment, while it may be difficult or impossible to decide 
whether an immature mesenchyme is tumor or reactive 
stromal tissue. This will be important when trying to 
solve the question whether viable tumor is still present 
after chemotherapy in the absence of tumor epithelia.

What is the evidence that EMT is pathogenically 
involved in hepatic epithelial tumors? In human hepa-
tocellular carcinomas (HCC), EMT plays a role in 
stroma formation and correlates with aggressiveness 
of the tumors and poor survival. The tumor stroma 
showing transition of fibroblasts into myofibroblasts 
plays a central role in angiogenesis and invasion (De 
Wever and Mareel 2003; Ostman and Augsten 2009). 
Hepatic epithelial tumor cells and stromal cells per-
form a complex crosstalk that guides EMT at the inva-
sion front (tumor edge; Van Zijl et al. 2009). With 
regard to the promotion of invasion, more than 50% of 
HCCs exhibit reduced E-cadherin expression, a hall-
mark of EMT. In HCCs, the EMT regulator twist has 
been shown to induce EMT via downregulation of E 
cadherin expression, promoting cell migration and an 
invasive phenotype (Lee et al. 2006). A similar E cad-
herin decrease in HCCs is also caused by the EMT 
inducer, tetraspanin TM4SF5 (Lee et al. 2008). EMT 
in HCC is furthermore induced by another factor cen-
tral to EMT, Snail, which promotes EMT and meta-
static spread in HCC (Yang et al. 2009). A potential 
link between HCC and hepatoblastoma is seen in the 
form of sarcomatoid HCC with hepatoblastoma-like 
features (Cho et al. 2004). But are there findings show-
ing that the neoplastic mesenchyme of mixed hepato-
blastomas is the result of EMT? So far (and in contrast 
to HCC), there is only indirect evidence at best. It is 
noteworthy that the mixed epithelial and mesenchymal 
phenotype seem to be more frequent after chemother-
apy. Whether this observation reflects reality or is just 
a sampling effect, i.e., mixed components having a 
greater chance of being detectable in the more numer-
ous and larger histology sections of post-chemotherapy 
resection specimens in contrast to a pretreatment nee-
dle biopsy, is not yet clear. If the phenomenon is real, 
one may argue that therapy alters the ratio between 
tumor epithelia and tumor mesenchyme, e.g., favoring 
a transition from epithelia to mesenchyme (and here in 
particular bone/osteoid).

5.8  Conclusion

A deeper insight into the distinct morphologies of 
hepatoblastomas and related tumors shows that this 
group of tumors reflects several processes taking place 
during normal liver ontogeny. Apart from mimicking 
specific cell lineages with increasing differentiation 
there is evidence that these tumors replicate features of 
stem cell biology and of epithelial-mesenchymal tran-
sition. These morphologic findings are now progres-
sively enlarged by distinct molecular features, again 
shared between the normal development of the liver 
and the neoplasms derived thereof. These novel molec-
ular findings will hopefully be suited to be employed 
for refined molecular classifications of liver cell tumors 
and for novel therapeutic strategies.
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6.1  Introduction

Amazing progress has been achieved recently in our 
knowledge about cancer at the molecular level as a 
result of advances in molecular technology (Cassidy 
and Radda 2005; Clements et al. 2006; van der Merwe 
et al. 2007; Ali-Khan et al. 2009). This knowledge has 
led to an increased understanding of the complex fac-
tors involved in cancer development and progression. 
To improve cancer management, the scientific discov-
eries at the cellular and molecular level must be trans-
lated into practical clinical applications with the aim of 
reducing cancer incidence, morbidity, and mortality 
(Cassidy and Radda 2005; Clements et al. 2006; van 
der Merwe et al. 2007; Ali-Khan et al. 2009).

Translational research that transforms scientific dis-
coveries into clinical applications involves laboratory 
investigation on clinical materials (Adams et al. 2009; 
Arbab et al. 2009; Clermont et al. 2009; Hawkins et al. 
2009; Payne et al. 2009). Hence, it requires access to 
collections of well-preserved tissues accompanied by 
high-quality clinical data to examine the relationship 
between molecular changes and clinical variables or 
outcomes. However, the small number of available 
tumor tissue samples has disappointingly limited the 
researcher’s outputs in the field of rare tumors (Adams 
et al. 2009; Arbab et al. 2009; Clermont et al. 2009; 
Hawkins et al. 2009; Payne et al. 2009) and has brought 
recognition to the urgent need to improve the access to 
tissue resources. Tumor collections by single institu-
tions or individual scientists are mostly not sufficient to 
address these resource problems. Therefore, improved 
tools such as biobanks, one of the key resources in the 
fight against cancer, are certainly needed (Adam 2002; 
Qualman et al. 2004; Herpel et al. 2008). Recently, 
biobanks have become a critical engine for basic, 
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translational, and clinical research and the recent 
development of different biobanks in a number of 
countries reflects scientists’ and policy-makers’ beliefs 
in the future health benefits to be derived from molecu-
lar research (Watson et al. 1996; Anderer et al. 1998; 
Spinney 2003; Whyte 2003; Bauchet et al. 2007).

However, unlike other research tools such as cell 
lines and animal models, the boom of biobanks 
spawned a “boomlet” of regulations and guidelines, 
which has created controversies, particularly about the 
importance and definition of informed consent 
(Chadwick and Berg 2001; Everett 2003; Elger and 
Caplan 2006). The consent of participants is usually 
required before biobank samples can be used in 
research, but the nature of this consent, and how it is 
obtained, vary widely. Many European guidelines take 
the view that general consent is acceptable to use sam-
ples for future, as yet unspecified research projects; US 
and Canadian policy follows a more rigorous standard 
of consent (Elger and Caplan 2006).

Biobanks include the collection of characterized 
human tumor tissues, associated pathological informa-
tion, and access to linked clinical patient data. The tis-
sues are collected, processed, and organized in such a 
way so as to facilitate research (Kerr 2003; Lopez-
Guerrero et al. 2006; Rodrigues et al. 2009). The col-
lected samples usually include tumors as well as 
adjacent normal tissues and blood samples and are 
associated with a spectrum of information that usually 
includes the collection time, the tissue composition, 
and the alterations within that reflect the type and stage 
of the disease (histopathology). The clinical data com-
prise information about the donor of the material, such 
as demographic characteristics, the outcome of the 
disease, treatment, and so on. Different banks vary in 
their emphasis on the spectrum of pathologies and 
related histological data, or the selection and consis-
tency of the patient cohort, to serve different levels of 
research (Kerr 2003; Lopez-Guerrero et al. 2006; 
Rodrigues et al. 2009).

6.2  SIOPEL Liver Tumour Storage 
Programme

Liver tumors of children are rare and comprise approx-
imately 5% of pediatric neoplasms (Isaacs 2007). 
Hepatoblastoma (HB) is the most common pediatric 

liver tumor – followed by hepatocellular carcinoma 
(HCC) – and more than 70% of the tumors are diag-
nosed in children less than 2 years old (Perilongo and 
Shafford 1999; Isaacs 2007). HB, which is derived 
from hepatic precursor cells, is morphologically simi-
lar to immature hepatocytes and the prognosis of the 
patients is variable (Brown et al. 2000; Fuchs et al. 
2002). Although high- and low-risk groups in child-
hood HB have been described (Takayasu et al. 2001; 
von Schweinitz et al. 2002; Yamada et al. 2004; 
Yamaoka et al. 2006), the clinical or pathological prog-
nostic factors cannot predict treatment response on an 
individual basis. Therefore, further efforts aimed at 
better understanding of HB biology are highly war-
ranted. The ultimate goal is the development of better 
risk-based stratification systems and more efficacious 
and less toxic targeted treatment schedules, used alone 
or in combination with conventional cytotoxic drugs.

One of the primary objectives of the SIOPEL sci-
entific group is to facilitate basic and translational 
research aimed at a better understanding of the biol-
ogy of childhood liver tumors. To this end, the SIOPEL 
Liver Tumour Storage Programme was established in 
2005 at the University Children’s Hospital of Zurich, 
Switzerland. The aim of the SIOPEL Liver Tumour 
Storage Programme is to create a basis for molecular 
genetic cancer research into children’s liver tumors. 
This goal was planned to be reached through: (1) the 
central collection and storage of pediatric liver tumor 
specimens, normal liver tissues (when available), and 
blood in high quality, for later molecular genetic analy-
sis, (2) the documentation of the conserved material and 
its tumor of origin in a comprehensive database, and 
(3) the distribution of the conserved materials and the 
tumor-derived materials for approved research projects 
conducted by investigators affiliated with SIOPEL.

6.2.1  Tumor Tissue Collection

Regardless of recent major advances in genetic and 
other biological techniques, the reliability of biologi-
cal research depends primarily on the quality of the 
material that is studied. For this reason, collection and 
submission of representative tumor material remain 
key enterprises in the pathway leading to good biologi-
cal studies (Ambros and Ambros 2001; Parham and 
Qualman 2001). Accordingly, emphasis has been put 
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on a detailed description of the tumor collection proce-
dure in the operating theater, which is usually per-
formed by the local surgeon, the pathologist, or a 
trained pediatric oncologist (Fig. 6.1). After collection, 
the tumor samples are reversibly (linked) anonymized: 
a link exists between tumor sample and patient, but the 
researcher does not have access (Elger and Caplan 
2006). Then, the transport tubes with the tumor sam-
ples are sent at room temperature by express mail to 
the centralized SIOPEL Liver Tumour Storage 
Programme in Zurich, Switzerland.

Diagnostic biopsies can be obtained by closed Tru-
cut biopsy or laparoscopic wedge resection. Both 
approaches allow the surgeon or interventional radiol-
ogist to collect sufficient material for an accurate diag-
nostic classification (by the local pathologist), and for 
tumor material to be retained for the SIOPEL Liver 
Tumour Storage Programme. If closed Tru-cut biop-
sies are taken, an additional pass is recommended for 
tissue banking. Importantly, the sample should be pro-
cessed immediately to ensure its viability and to pre-
serve nucleic acids, particularly RNA.

Accurate histopathological diagnosis and staging of 
tumors are of extreme importance in planning the treat-
ment of patients with cancer. Typically, the tissue from 
surgical resections is processed through aldehyde-based 
fixatives (e.g., formalin) and embedded in paraffin. This 
practice is well suited to immunohistochemic methods at 

the protein level, but may damage mRNA integrity 
(Klimecki et al. 1994). Therefore, tumor tissue preser-
vation for subsequent RNA isolation is usually done 
by freezing biopsy material in liquid nitrogen in the 
operating room. The rapidly frozen (i.e., snap frozen) 
biopsy material is then stored at −70°C and shipped 
from one laboratory to another in dry ice. Use of liquid 
nitrogen snap freezing and storage at −70°C poses  
significant logistical problems in many institutions  
and may preclude their participation in important 
multi-institutional trials. Moreover, shipping of well- 
preserved tissue samples from one laboratory to 
another on dry ice is costly and may be complicated by 
delays at national borders. To circumvent the logistical 
difficulties inherent in such procedures, we tested a 
new RNA stabilization solution (RNAlater; Ambion) 
and found that tumor tissue can be stored for a period 
of up to 7 days at room temperature without significant 
RNA degradation (Grotzer et al. 2000).

6.2.2  Tumor Tissue Storing

After arrival in Zurich, Switzerland, tumor samples in 
RNAlater are cut into smaller pieces, labeled, and 
stored at −20°C in designated boxes until they are 
required for a specific project. Amount of tumor tissue 
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and location of the stored samples are then entered in 
the tumor bank database. All the clinical information 
including age, gender, staging, treatment, and outcome 
is stored separately at the SIOPEL Clinical Trial Center 
in Leicester, UK.

As the refrigerator freezers depend on the electrical 
power supply network, they require appropriate secu-
rity measures to minimize the risk of major temperature 
fluctuations. For this reason, the SIOPEL Liver Tumour 
Storage Programme freezers are connected to the secure 
electricity supply of the University Children’s Hospital 
of Zurich, Switzerland, in such a way that in the case of 
deficiencies in the electrical supply, emergency genera-
tors will ensure continuity of the supply.

Stored tumor bank samples usually require review 
at years 2, 3, and 5 with focus on structural and molec-
ular integrity (Jewell et al. 2002). For quality 
assessment purposes, the SIOPEL Tumour Storage 
Programme periodically assesses the molecular integ-
rity of the stored specimens by extracting nucleic acids 
(DNA and RNA) from randomly chosen RNAlater 
preserved tissues. The quality of the isolated nucleic 
acids is measured by the Agilent bioanalyzer for RNA 
and by gel electrophoresis for DNA.

6.2.3  Tumor Tissue Distribution

By the end of 2009, the SIOPEL Tumour and Tissue 
Storage Programme has managed to collect 86 child-
hood liver tumor samples from 18 different countries 
(Fig. 6.2). Proposals to use specimens stored in the 
SIOPEL tumor bank are submitted in writing to the 
Chair of the SIOPEL in the format shown in Table 6.1; 
they are reviewed by appropriate members of the 
SIOPEL Scientific Committee according to the criteria 
summarized in Table 6.2. Investigators whose propos-
als are approved are expected to abide by the guide-
lines shown in Table 6.3 in conducting their research 
with specimens from the SIOPEL Liver Tumour 
Storage Programme.

After approval, carefully packed samples are sent to 
the researchers together with the information about the 
specimens as quickly as possible (by express mail). 
The investigators are notified by email on the same day 
of sending the sample. Copies of the correspondence 
about the shipped samples are kept in the archive of the 
SIOPEL Liver Tumour Storage Programme.
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1. Title of project, Principal investigator information

2. Project-specific aims

3. Background and rationale

4. Methods and technical feasibility

5. Preliminary data

6. Statistical considerations

7. Funding available to complete the proposed study

8. References

9. Laboratory shipping address

Table 6.1 Format of submission of proposals to obtain 
specimens from the SIOPEL Liver Tumour Storage Programme

1. Will the study move the field forward; is it unique?

2. Does the study require the resources of a cooperative group?

3.  Does the investigator have appropriate expertise/
preliminary data?

4. Can the work be done in a timely fashion?

5. Will the results of the study have an impact on patient care?

6. Does the investigator have funding to conduct the work?

Table 6.2 Review criteria of the SIOPEL Scientific Committee 
for access to specimens
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6.3  Discussion

Our understanding of cancer biology has expanded 
dramatically with recent advances in molecular tech-
nology. Scientific and technical advances in genomics, 
proteomics, and bioinformatics make it possible now 
to do extensive analyses of very small tissue samples 
(Watson et al. 1996). It has never been more rewarding 
to collect and store leftover tissues from diagnostic and 
therapeutic procedures in biobanks (Oosterhuis et al. 
2003). We are now beginning to diagnose and treat 
cancer by identifying markers and critical biological 
targets in tumors. Biobanks have recently played  
pivotal roles in identifying predictive biomarkers and 
in the development of diagnostic and prognostic tools 
that provide the basis for patient-specific treatments. 
Furthermore, storage of patient materials will permit 
analysis at a future time, when the response to treat-
ment is known, thus allowing rapid assessment of new 
diagnostic or predictive tests (Morente et al. 2006; 
Riegman et al. 2006; van Veen et al. 2006; Mager et al. 
2007; Rodrigues et al. 2009). But, unlike other research 
tools, biobanks incorporating human tissues and data 
invoke complex social, medical, and multidisciplinary 
issues (Oosterhuis et al. 2003; Patel et al. 2005; Elger 
and Caplan 2006; Cavusoglu et al. 2008).

The long-term research goal in childhood liver 
malignancies is to define better risk-based stratifica-
tion systems and to find novel more efficacious and 

less toxic therapies. It is through translational research 
that we will gain the knowledge that will eventually 
lead to better approaches in therapy. With help from 
the SIOPEL Liver Tumour Storage Programme, it will 
be possible to examine molecular genetic changes in a 
large number of pediatric liver tumor patients and to 
discover relevant pathogenetic steps, molecular diag-
nostic and prognostic criteria, as well as targets for 
novel therapies.
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Liver tumors are rare in children accounting for less 
than 2% of all childhood malignancies. Malignant 
tumors including hepatoblastomas (HB), hepatocellular 
carcinomas (HCC), rhabdoid tumors, and sarcomas 
account for the majority of malignant masses in chil-
dren (Weinberg and Finegold 1983). A variety of benign 
tumors can also occur in this age group including 
benign vascular tumors, mesenchymal hamartomas, 
focal nodular hyperplasias, and adenomas (Fabre et al. 
2004). The main elements for diagnosis are age at pre-
sentation, the clinical symptoms, the association with 
an underlying disease, the AFP level, and the radiologi-
cal characteristics. In most cases, a biopsy is mandatory 
to confirm the diagnosis.

7.1  Malignant Liver Tumors

7.1.1  Age at Diagnosis

Most cases of HB occur in very young children. More 
than 80% of the patients are under the age of 2 at diag-
nosis (Horton et al. 2009). Occasionally, some cases 
can be diagnosed in neonates or even during the pre-
natal period. In the main series published in literature, 
the median age at diagnosis ranges between 12 and  
21 months (von Schweinitz et al. 1997; Pritchard et al. 
2000; Fuchs et al. 2002; Perilongo et al. 2004, 2009; 
Zsíros et al. 2010).

Apart from HB, infants and young children may 
also be diagnosed with a rhabdoid tumor or a rhab-
domyosarcoma arising from the biliary ducts.

In older children and adolescents, the main malig-
nant liver tumors are hepatocellular carcinoma and 
undifferentiated sarcoma of the liver. Hepatocellular 
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carcinomas (HCC) in this age group are a heteroge-
neous group of tumors comprising transitional liver 
tumors with features of both HB and HCC (Prokurat 
et al. 2002b), hepatocellular carcinomas developing on 
an underlying liver disease, and fibrolamellar carci-
nomas (Katzenstein et al. 2003). The median age at 
diagnosis for HCC is 12 years in the SIOPEL1 series 
(Czauderna 2002) but HCC has also been described in 
young children under 5 (Czauderna et al. 2002; 
Katzenstein et al. 2002).

7.1.2  Clinical Symptoms

Most hepatoblastomas are asymptomatic and the pre-
senting symptom is usually abdominal distension or an 
abdominal mass discovered either by a parent or a phy-
sician. In some patients, the volume of the tumor may 
induce abdominal pain and/or anorexia. These symp-
toms are more frequent in HCC than in HB (Exelby 
et al. 1975). A few patients present with acute abdomi-
nal symptoms due to tumor rupture or intra-abdominal 
hemorrhage (Chan et al. 2002). Jaundice is a rare 
symptom associated with extensive disease and com-
pression of the major bile duct. It is rare in HB or HCC 
but commonly present in rhabdomyosarcoma of the 
biliary tract (Sanz et al. 1997).

In a few patients with HB, early puberty may be the 
initial symptom in tumors associated with Human 
Chorionic Gonadotrophin (HCG) production (Navarro 
et al. 1985).

Generalized osteoporosis has been described in 
association with HB and may lead to multiple factures 
(Lack et al. 1982).

Whereas most HCC occur as a complication of an 
underlying liver disease in adults, the incidence of 
childhood HCC associated with chronic liver disease 
is lower in western countries. In the series published 
by the SIOPEL group (Czauderna et al. 2002), only 
15/40 patients (37%) had an underlying liver disease 
(13 chronic hepatitis B, 1 case of tyrosinemia, and 1 of 
biliary cirrhosis). On the contrary, the rate of seroposi-
tivity for HB antigens is very high in Asia because of 
endemic viral hepatitis in that part of the world  
(Ni et al. 1991). However, the introduction of neonatal 
hepatitis B vaccination has changed the epidemiology 
of this tumor. In Taiwan, it has resulted in a dramatic 
decrease in the incidence of HCC in children (Chang 

et al. 2005). Besides viral hepatitis, other risk factors 
for HCC in children include tyrosinemia (McKiernan 
2006), Byler’s disease (Jensen and Gluud 1994), meta-
bolic diseases or Alagille syndrome (Fabre et al. 2004). 
In these cases, HCC may be diagnosed by systematic 
screening combining AFP determination and ultra-
sonography (Sherman 2010; Wiwanitkit 2005). These 
screening tests allow the detection of early tumors 
before the occurrence of clinical manifestations.

7.1.3  Laboratory Investigations

Liver function tests are normal in most patients with 
HB but may be abnormal in patients with HCC accord-
ing to the underlying liver disease or to bile duct com-
pression by the tumor.

Thrombocytosis with a platelet level exceeding 
500/mL is present in 50–60% of the patients with HB 
at diagnosis (Pritchard et al. 2000) and is related to 
hyperproduction of thrombopoietin by tumor cells 
(Komura-Naito et al. 1997).

The main tool for the diagnosis of liver tumors in 
children is serum determination of AFP, which is high 
in more than 90% of the patients with HB and 70% of 
patients with HCC (Exelby et al. 1975). At the diagno-
sis, median AFP levels are over 104 ng/mL in most 
series of HB (von Schweinitz et al. 1997; Pritchard 
et al. 2000; Fuchs et al. 2002; Perilongo et al. 2004, 
2009; Zsíros et al. 2010).

Elevation of this biological marker is an important 
argument in favor of the diagnosis of a malignant liver 
tumor. However, AFP elevation is not specific. Several 
other situations may be associated with an elevated 
AFP level and may lead to errors in the diagnosis in the 
absence of a biopsy.

At birth, the AFP level is very high and decreases 
throughout the first months of life (Table 7.1; Blohm 
et al. 1998). Consequently, in children, younger than  
1 year, it may be difficult to distinguish physiological 
secretion of AFP from a high level due to AFP secreted 
by a malignant tumor. It may be helpful to have two 
AFP determinations several days apart. A spontaneous 
decline in the AFP level without any treatment is a 
good argument in favor of the physiological origin of 
the secretion of AFP.

An elevated AFP level may be associated with  
several other tumor types including germ cell tumors 
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and other liver tumors such as mesenchymal hamar-
tomas (Boman et al. 2004) and infantile hemangioen-
dothelioma (Kim et al. 2010). Other conditions such as 
viral hepatitis (Alpert and Seeler 1970) or tyrosinemia 

(Holme and Lindstedt 1995) may also be associated 
with a high AFP level. In these situations, the AFP 
level is usually not as high as in HB. Lastly, some 
patients have a hereditary persistence of high AFP  
levels (Schefer et al. 1998).

The presence of extremely high serum AFP con-
centration in some patients can generate erroneously 
low AFP results. This effect named the “Hook effect” 
is a well-recognized problem that can occur in assays 
of most tumor markers, including AFP (Jassam et al. 
2006). This finding is due to the possibility of calcula-
tion errors especially when the AFP level is very high 
and requires appropriate serum dilution for a reliable 
assessment.

In children with a normal AFP level, several diag-
noses should be considered depending on their age and 
the clinico-radiological presentation: in infants, the 
rare HBs with a low AFP level (De Ioris et al. 2008), 
which account for only 2% of all patients enrolled in 
the SIOPEL 1 to 3 or rhabdoid tumors (Russo and 
Biegel 2009), in older children, HCC including fibro-
lamellar carcinomas (Katzenstein et al. 2003) and sar-
comas (Bisogno et al. 2002) (Table 7.2). HBs with a 
normal AFP level at diagnosis are very rare and have 
quite different characteristics from those of the classic 
HB population: a young age at diagnosis, tumor multi-
focality, widespread extrahepatic extension, undiffer-
entiated small cell histology, poor response to 
chemotherapy, and finally a worse outcome (De Ioris 
et al. 2008).

In patients with a fibrolamellar carcinoma, the AFP 
level is normal but a high serum vitamin B12 binding 

Age (days) AFP mean  
(ng/mL)

AFP 95.5% 
interval (ng/mL)

0 41,687 9,120–190,546

1 36,391 7,943–165,959

2 31,769 6,950–144,544

3 27,733 6,026–125,893

4 24,210 5,297–109,648

5 21,135 4,624–96,605

6 18,450 4,037–84,334

7 16,107 3,524–73,621

8–14 9,333 1,480–58,887

15–21 3,631 575–22,910

22–28 1,396 316–6,310

29–45 417 30–5,754

46–60 178 16–1,995

61–90 80 6–1,045

91–120 36 3–417

121–150 20 2–216

151–180 13 1.25–129

181–720 8 0.8–87

Table 7.1 Alpha fetoprotein value references in infants (Blohm 
et al. 1998)

Age AFP level normal for age AFP level between  
10 and 104 ng/mL  
(or slightly above normal for age)

AFP > 104ng/mL

0–3 years Rhabdoid tumor Hemangioma Hepatoblastoma
Biliary tree rhabdomyosarcoma Mesenchymal hamartoma
Hemangioma Hepatoblastoma
Mesenchymal hamartoma

3–10 years Biliary tree rhabdomyosarcoma Mesenchymal hamartoma Hepatoblastoma
Undifferentiated sarcoma of the liver Transitional liver tumor
Mesenchymal hamartoma  
Rhabdoid tumors

Hepatocellular 
carcinoma

10–15 years Fibrolamellar carcinoma Transitional liver tumors Transitional liver tumors
Undifferentiated sarcoma of the liver
Nodular focal hyperplasia
Adenoma

Hepatocellular carcinomas Hepatocellular carcinomas

Table 7.2 Liver tumors in children: diagnosis according to age and AFP level
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capacity (transcobalamin) has been demonstrated and 
may be used as a tumor marker (Paradinas et al. 1982).

7.1.4  Imaging

In a child with a suspected hepatic tumor, radio-
logic assessment often begins with ultrasonography 
aimed at assessing the presence of a tumor and con-
firming its intrahepatic location and characteristics. 
Radiological assessment also aims to rule out the 
diagnosis of secondary liver tumors, mainly liver 
metastases from neuroblastomas or germ-cell tumors 
and hepatic lymphomas.

The majority of primary malignant hepatic tumors 
are solid masses with increased echogenicity. Com-
puted tomography (CT scan) and/or magnetic reso-
nance imaging (MRI) are mandatory to better define 
the site and extent of the tumor, to detect major vessel 
(portal and hepatic veins) involvement, and to eval-
uate tumor resectability. The characteristics of the 
mass (unifocal or multifocal), its association with 
extrahepatic disease, and the presence of signs of 
rupture should be carefully assessed.

Metastases are detected in around 20% of the cases 
at diagnosis, mostly in the lung. Therefore, a chest CT 
is mandatory at diagnosis. The other sites of metastasis 
(bone, brain) are very rare and have been reported mainly 
in infants.

In a child with a normal AFP level, some radiological 
features may suggest the diagnosis of sarcoma. Tumors 
arising in the bile duct and associated with biliary duct 
distension suggest the diagnosis of rhabdomysosarcoma 
of the biliary tree (Roebuck et al. 1998). Undifferentiated 
sarcoma of the liver may be associated with a large 
hepatic lesion that has a seemingly cystic appearance on 
CT and MR images and a largely solid appearance on 
ultrasound (Crider et al. 2009).

7.1.5  Biopsy

Even though elevated AFP in a child with unquestion-
able imaging of a liver tumor is very suggestive of HB 
or HCC, a biopsy of the tumor mass is highly re -
commended in order to have histological confirmation  
of the diagnosis in patients treated with preoperative 

chemotherapy. The only contraindication to a biopsy is 
the presence of subcapsular rupture of the tumor.

The method preferred is percutaneous ultrasound-
guided needle biopsy. The aim of the biopsy is to obtain 
sufficient tissue to enable an accurate diagnosis, while 
avoiding complications. The biopsy should be performed 
via a short depth of healthy hepatic parenchyma in order 
to minimize the risk of tumor seeding. The most impor-
tant potential immediate complication is hemorrhage. In 
the SIOPEL 1 and 2 studies, no life-threatening biopsy 
complications were recorded among 96 cases in which a 
biopsy was performed. Complications were reported in 
7% of cases (7/96) and were generally minor: bleeding 
from the biopsy site in 4 patients, abdominal pain in 2, 
and a wound infection in a patient with an open biopsy.

In patients with a high AFP level, the main aim of 
the biopsy is to make the differential diagnosis between 
HB and hepatocarcinoma. This differential diagnosis 
may be difficult in patients without underlying liver 
disease and in such cases the diagnosis of a transitional 
liver tumor has been proposed (Prokurat et al. 2002b). 
In patients with a normal AFP level, the main diagno-
ses to be discussed are primary liver sarcoma, malig-
nant rhabdoid tumor, and fibrolamellar carcinomas. 
The definition of a rhabdoid tumor classically relies on 
a characteristic morphology and loss of hSNF5/INI1 
tumor suppressor gene expression (Russo and Biegel 
2009). In cases lacking the typical histological fea-
tures, the loss of expression of the INI1 gene product is 
an essential diagnostic tool.

7.2  Benign Tumors

7.2.1  Vascular Tumors

Hemangioma is the most frequent benign liver tumor in 
children and commonly occurs during the first 6 months 
of life. Most hemangiomas are asymptomatic and  
are discovered serendipitously (Prokurat et al. 2002a). 
They may be associated with cutaneous hemangiomas. 
Infantile hemangioendothelioma is a subtype of heman-
gioma occurring in infants, which may be complicated 
by cardiac failure and/or coagulopathy with thrombocy-
topenia (Kasabach–Meritt syndrome). CT scan reveals 
the typical feature of peripheral contrast enhancement 
with subsequent filling of the lesion and the liver.
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7.2.2  Mesenchymal Hamartomas

Mesenchymal hamartomas are rare tumors often 
revealed by abdominal distension during the first 2 years 
of life. Some patients may be diagnosed before birth by 
an antenatal ultrasound. The vast majority involve the 
right side of the liver and are almost always solitary 
lesions. The radiological appearance is characterized by 
a well-circumscribed multilocular cystic mass with solid 
septae. They may be associated with a high AFP level, 
which may mimic HB (Boman et al. 2004). A biopsy is 
recommended in cases with a solid component in order 
to rule out a malignant tumor.

7.2.3  Focal Nodular Hyperplasia

Focal nodular hyperplasia is rarely diagnosed in children. 
Most cases of focal nodular hyperplasia are discovered 
serendipitously (Fabre et al. 2004). Contrast enhancement 
on CT scan or MRI is characterized by an early intense 
contrast-enhanced homogeneous lesion that becomes 
isodense with the normal liver on delayed images. 
A characteristic central scar is pathognomonic but is 
present in only 50% of the cases (Okada et al. 2006).

7.2.4  Adenoma

Adenomas are rare in children and most often asymp-
tomatic. They may be associated with glycogen stor-
age disease or androgen therapy (Fabre et al. 2004). 
They can also demonstrate early enhancement but have 
a tendency to bleed and thus appear more heteroge-
neous than focal nodular hyperplasia.

7.3  Conclusion

The diagnosis of liver tumors can be suspected in the 
majority of the cases based on the child’s age, clinical 
information, biological data (in particular the AFP 
level), and radiological characteristics. However,  
a biopsy is now considered mandatory before any  
chemotherapy in children with a liver tumor.
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8.1  Imaging Techniques

Technology has advanced rapidly and continues to 
evolve, so any imaging guidelines must be regarded as 
temporary. The roles of imaging are listed in Table 8.1.

Nearly all children with malignant primary liver 
tumors present with an abdominal mass. A few patients 
have different presentations, such as abdominal  
bleeding.

Imaging of children with suspected liver tumors is 
best performed by radiologists with an interest and 
experience in pediatric oncology. Magnetic resonance 
imaging (MRI) and, to a lesser extent, computed 
tomography (CT) may require sedation or anesthesia in 
younger children. Centers familiar with pediatric oncol-
ogy imaging have protocols for this, and practice varies 
widely between institutions. High quality studies must 
be obtained, because staging (and therefore treatment) 
is often dependent on subtle imaging findings.

8.1.1  Ultrasound (US)

This is almost always the best first technique for eval-
uation of a suspected abdominal mass. It should be 
used in all patients, because it is widely available, 
harmless, and can show abnormalities not detectable 
with other techniques.

In most liver tumors, the hepatic origin of the 
mass can be confirmed without difficulty (Fig. 8.1). 
When there is uncertainty, the pattern of movement 
of the mass with respiration may be diagnostic 
(Roebuck 2008). Assessment of the blood supply of 
the tumor with color Doppler US may also be helpful 
(Roebuck 2008).
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US is particularly useful for evaluation of the vascular 
anatomy of the liver and may be the best single technique 
for the detection of minor venous invasion (Roebuck 
et al. 2006; Sato et al. 2000; Ohtsuka et al. 1997). Because 
it is well tolerated by children and does not require seda-
tion or ionizing radiation, US can be repeated as often as 
necessary, and a second examination may be helpful to 
resolve any uncertainties that remain after other imaging 
has been completed (Roebuck et al. 2006).

The overall extent and size of the tumor and the 
deeper parts of the portal and hepatic venous systems 

Confirmation of hepatic origin of the lesion

Characterization of the lesion

Differential diagnosis
Is biopsy required?
If so, what is the best technique for biopsy?

Staging
Local disease (extent in the liver)
Regional disease
Metastatic disease

Table 8.1 Imaging in children with suspected primary liver tumors

a

c

b
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Fig. 8.1 Use of ultrasound for the evaluation of pediatric liver 
tumors. (a) A low frequency sector transducer is useful to show 
the overall size of the mass in this 2-year-old male with hepato-
cellular carcinoma.  The interface between the tumor and normal 
liver (arrows) is not well seen, but color Doppler imaging shows 
the typical disorganized tumor vasculature. (b) A high frequency 

linear array transducer is better for the detection of smaller 
lesions.  Here a small tumor (arrows) is identified in the gallblad-
der (GB) fossa in a female infant with PRETEXT IV F1 hepato-
blastoma. (c) Vascular invasion (arrows) is shown with a high 
frequency linear array transducer and color Doppler imaging

are best assessed using a relatively low frequency sec-
tor or curvilinear array transducer (Fig. 8.1a; Roebuck 
et al. 2006). The vessels can often be visualized at 
higher resolution with a high frequency (>7 MHz) lin-
ear array transducer, which is also the best way to 
identify and measure small tumor nodules (Fig. 8.1b 
and c; Roebuck et al. 2006).

8.1.2  Computed tomography (CT)

CT is essential for evaluation of the lungs (Fig. 8.2), 
and may also be used instead of or in addition to 
magnetic resonance imaging for the abdomen and 
pelvis. Sedation or general anesthesia (GA) is some-
times required in younger children, although this is 
increasingly uncommon with faster scanning times 
(McCarville and Kao 2006).

Because metastases often occur in the lung bases, it 
is important to image this area well. Unfortunately, 
both sedation and GA commonly cause basal lung col-
lapse (atelectasis), and this may be aggravated by the 
presence of a large abdominal mass. Certain techniques 
may overcome this problem to some extent. Collapse 
can be prevented by using a gas mixture rich in nitro-
gen at induction, and continuing to use an inspired 
fraction of oxygen (F

i
O

2
) of only 0.3–0.4 with positive 

end-expiratory pressure during scanning (Hedenstierna 
and Rothen 2000). Additional maneuvers, such as for-
ced expansion of the lungs at high pressure for 7–8s, 
may also be helpful (Hedenstierna and Rothen 2000). 
When basal collapse is present despite these measures, 
CT can be repeated with the patient in the prone posi-
tion if necessary (Roebuck et al. 2006).

Although the development of multidetector CT 
(MDCT) systems has led to an important improvement 
in image quality, meticulous attention to detail is still 
required (Fig. 8.2b and c). The exact technique used 
will depend on the scanner, but in general a collimation 
of 0.6–1.25 mm and pitch of 0.9–1.25 should be 

applied. A reconstruction interval of 3 mm is optimal 
for detection of 5-mm metastases, but this may need to 
be reduced when the detection of smaller lesions is 
important (Fig. 8.2c). Dynamic tube current adjust-
ment and age-appropriate tube voltage should be used 
to minimize radiation dose (Roebuck et al. 2006).

Images are constructed from chest CT data using 
soft tissue and lung algorithms, and reviewed using 
appropriate window widths and levels. The conspicu-
ity of lung nodules may be improved by using maxi-
mum intensity projection (MIP) sliding thin-slab 
reconstructions (Napel et al. 1993; Kawel et al. 2009).

Intravenous nonionic iodinated contrast is always 
given when the abdomen is imaged, but oral contrast is 
optional (Roebuck et al. 2006). An injection pump 
gives the best results because the timing of the scan 
relative to the injection of the contrast bolus is crucial 
(Roebuck et al. 2006). It is usual to inject 2 mL/kg of 
nonionic contrast (with an iodine content of 300 mg/
mL) at a rate of 1.2–3 mL/s, depending on the size of 
the child and the intravenous cannula. Early images 
(20–30 s after the start of the contrast injection in most 
children) show the hepatic arterial supply to the liver 
well, and may be useful for the detection of small 
hypervascular lesions, for example, in hepatocellular 
carcinoma or metastatic disease (McCarville and Kao 
2006). Images in the portal phase (about 60 s) usually 
maximize the conspicuity of the margins of primary 
tumors, and are best for assessment of portal venous 
involvement. The hepatic veins opacify with contrast 
almost simultaneously with the portal veins, so in 
practice both sets of vessels may be enhanced on the 
same image. If only one scan is performed, it should 
be done in the portal venous phase. In adults, images 
are routinely acquired in two or more phases, but this 
is not a popular practice in pediatric radiology because 
of concerns about radiation risk. In theory, the detec-
tion of tumoral calcification would be optimal on non-
contrast images, but in practice these are almost never 
useful. The entire abdomen and pelvis should be exam-
ined, to assess for peritoneal tumor spread.
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The optimal reconstruction interval for detection 
of small liver lesions is a trade-off between contrast- 
to-noise ratio and partial volume averaging, which 
impair detection of lesions at smaller and larger inter-
vals respectively. In general, a reconstruction interval 
of 5 mm is probably best (Soo et al. 2010).

MDCT technology generates a three-dimensional 
dataset with approximately isotropic voxels (i.e., the 
spatial resolution is the same along all three axes). 
These data can be manipulated on a workstation to 
present slices in any plane (multiplanar reconstruction, 
MPR) or generate 3D-like images (volume rendering 

a

b c

Fig. 8.2 Computed tomography of the lungs. (a) Typical appear-
ances of multiple lung metastases in an 11-year-old male with 
fibrolamellar carcinoma. (b) Multidetector CT data recon-
structed as 5-mm slices in a 5-year-old male.  There is an almost 

imperceptible 3-mm lesion in the superior segment of the right 
lower lobe (arrow). (c) The same patient was rescanned in the 
prone position, and images were reconstructed at 1 mm slice 
thickness.  The nodule (arrow) is much more obvious
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techniques, VRT). MPR may be helpful, especially to 
assess the relationship of the tumor to vascular struc-
tures. VRT images are often very elegant (Dong et al. 
2007), but are not routinely used in clinical practice. 
MIP images may be used to demonstrate hepatic and 
portal venous structures (Catalano et al. 2008), but 
should not be interpreted in isolation as they tend to 
misrepresent spatial relationships. Recent develop-
ments in segmentation software allow depiction of the 
true segmental liver anatomy, based on the portal 
venous branching pattern (Fuchs et al. 2005).

All CT studies should be reviewed using bone win-
dows, especially in children with suspected hepatocel-
lular carcinoma.

8.1.3  Magnetic Resonance Imaging (MRI)

The proliferation of MRI sequences means that only 
a selection can be performed in each patient. Although 
the sequences could be selected on an individual 
patient basis, it is more usual to use a standard proto-
col. Unfortunately, there are at least as many proto-
cols as there are children’s hospitals. In general, only 
broad guidelines are given in published recommen-
dations (Roebuck et al. 2006; McCarville and Kao 
2006; Roebuck 2009; Albuquerque et al. 2009; Siegel 
et al. 2008).

A flexible phased-array body coil can be used in 
older children, but in infants it is better to use an adult 
head coil (Roebuck et al. 2006; Siegel et al. 2008). 
Sequences obtained with breath-holding, either in 
cooperative older patients or under GA, give the best 
images (Vasanawala et al. 2010). When breath-holding 
is not feasible, respiratory triggering (Roebuck et al. 
2006) or navigator pulses (Vasanawala et al. 2010) can 
be used. Both techniques prolong scan time.

It is conventional to obtain unenhanced T1-weighted 
images (spin echo or gradient echo) in transverse and 
coronal planes. Corresponding fast spin echo 
T2-weighted sequences are usually fat suppressed 
(Albuquerque et al. 2009; Siegel et al. 2008; Vasanawala 
2010). Volumetric acquisition of T2-weighted images 
(variously known as FSE XETA, T2-SPACE, and 
VISTA) is also possible (Vasanawala 2010). In-phase 
and out-of-phase low flip angle T1-weighted gradient-
echo images can identify lipid in tumors, but are not 
routinely used (Siegel et al. 2008). Recently, diffusion-

weighted MRI (DWI) has been used to evaluate pedi-
atric tumors (Humphries et al. 2007). Although DWI 
does not discriminate perfectly between benign and 
malignant masses, it can potentially be used to decide 
which part of a lesion is the best to biopsy, as regions 
with restricted diffusion of water molecules tend to be 
more cellular.

Conventional intravenous MRI contrast agents 
(gadolinium chelates) are used routinely. Post-contrast 
images are usually acquired using dynamic spoiled 
gradient echo (FLASH, SPGR, and T1-FFE) or bal-
anced steady-state free precession (TrueFISP, FIESTA, 
b-FFE) techniques (Roebuck et al. 2006; Albuquerque 
et al. 2009; Siegel et al. 2008; Vasanawala 2010). 
Because these sequences are very rapid, they can be 
used to construct angiogram-like images of the arterial 
and venous anatomy of the liver.

Although liver specific (reticuloendothelial or hepa-
tocellular) contrast agents are rarely used in children, 
there may be a role for superparamagnetic iron oxide 
agents in the diagnosis of focal nodular hyperplasia 
and the detection of small satellite lesions in children 
with malignant tumors.

8.1.4  Nuclear Medicine

Bone metastases are extremely rare at diagnosis in 
hepatoblastoma, and bone scintigraphy is not routinely 
performed because of the high prevalence of false-
positive findings, probably related to abnormal cal-
cium metabolism (Roebuck et al. 2006). Bone 
scintigraphy is, however, appropriate for staging in 
children with hepatocellular carcinoma.

Although positron emission tomography (PET) can, 
in principle, be used to detect hepatoblastoma (Figarola 
et al. 2005), its clinical role is yet to be defined 
(McCarville and Kao 2006).

8.1.5  Obsolete Imaging Techniques

Plain film radiography and sulfur colloid scintigra-
phy are now obsolete in the evaluation of children 
with liver masses. Catheter angiography is now only 
used as the basis of some therapeutic procedures 
(Chap. 13).
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8.2  Approach to Differential Diagnosis

Nearly all solid liver masses in children are neoplastic, 
but many, especially in infancy, are benign (Table 8.2). 
Clinical, laboratory, and imaging information can be 
combined to construct a differential diagnosis for each 
patient. Clinical clues include relevant history (e.g., 
family history, known predisposing conditions) and 
examination findings (e.g., multiple cutaneous heman-
giomas, pyrexia). Laboratory findings such as platelet 
count and hepatitis serology may also be helpful. The 
contribution of imaging at this stage is to identify 
lesions, such as vascular tumors and mesenchymal 
hamartoma, where biopsy may not be necessary to 
direct treatment. Imaging alone is not useful in making 
a precise diagnosis of malignant tumor type.

8.2.1  Benign Tumors

The most important benign neoplasms are the vascular 
tumors of infancy, each of which may also occur 

elsewhere in the body. The literature on this subject is 
confusing, and many authorities do not make all the clin-
ically important distinctions. Infantile hemangioma 
(Fig. 8.3a) is relatively common, and almost always mul-
tifocal or diffuse. Biopsy is almost never required, and 
the only important differential diagnosis is metastatic 
neuroblastoma. MRI and CT both show a characteristic 
pattern of nodular, progressive, and almost complete 
centripetal contrast enhancement. Infantile hemangioma 
regresses after a period of growth in the first year of life. 
Unfortunately, a small number of children originally 
diagnosed with hemangioma subsequently go on to 
develop angiosarcoma, and prolonged imaging follow-
up is therefore appropriate to confirm resolution.

The second most important vascular tumor is rap-
idly involuting congenital hemangioma (RICH). RICH 
almost always presents as a solitary mass with periph-
eral enhancement and relatively low attenuation cen-
trally on CT (Fig. 8.3b). It does not appear to be 
associated with angiosarcoma. The other benign vas-
cular neoplasms of infancy, non-involuting congenital 
hemangioma and kaposiform hemangioendothelioma, 
rarely occur in the liver.

Mesenchymal hamartoma (Fig. 8.3c) shows a vari-
ety of imaging appearances, reflecting the highly vari-
able mix of cystic and solid elements (Kim et al. 2007). 
Focal nodular hyperplasia (FNH, Fig. 8.3d) has an 
inconstant imaging appearance in children, and is 
sometimes difficult to diagnose without biopsy (Cheon 
et al. 1998). The use of superparamagnetic iron oxide 
MRI contrast agents is a promising method for the 
diagnosis of FNH (Okada et al. 2005).

8.2.2  Malignant Tumors

The distinction between primary and secondary liver 
tumors is usually not a problem in children. With the 
exception of neuroblastoma (Fig. 8.4a), hepatic meta-
static disease from an unknown primary tumor is 
extremely rare.

The relatively common primary liver tumors 
(hepatoblastoma and hepatocellular carcinoma) have 
no characteristic imaging features. In each of these 
diseases large size and/or multifocality, calcifica-
tion, and vascular invasion are all fairly common. 
Certain unusual appearances at CT or MRI may 
suggest the diagnosis of rare malignancies. Undiffer-
entiated (embryonal) sarcoma often presents as a 

Neonates and infants

Infantile hemangioma
Rapidly involuting congenital hemangioma (RICH)
(Cystic) mesenchymal hamartoma
Hepatoblastoma
Rhabdoid tumor
Metastases (especially in neuroblastoma)

Young children (1–10 years)

Hepatoblastoma
Transitional liver cell tumor
Undifferentiated (embryonal) sarcoma
Non-Hodgkin lymphoma
Biliary rhabdomyosarcoma
Angiosarcoma
Metastases

Adolescents (10 years and older)

Transitional liver cell tumor
Fibrolamellar carcinoma
Hepatocellular carcinoma
Hepatic adenoma
Undifferentiated (embryonal) sarcoma
Epithelioid hemangioendothelioma
Non-Hodgkin lymphoma
Metastases

Table 8.2 Large solid liver lesions, by age group (Modified 
from Roebuck [2008])
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large, solid mass with low CT attenuation and 
T2-hyperintensity at MRI, similar to water (Fig. 8.4b; 
Buetow et al. 1997). Epithelioid hemangioendothe-
lioma is usually multifocal. The lesions may enhance 
with a “target” pattern, and may be associated with 
local capsular retraction (Da Ines et al. 2010; Thin 
et al. 2009).

Fibrolamellar carcinoma (FLC) may have a central, 
fibrous scar, and this may be detectable by imaging. It 
has been proposed that, as opposed to FNH, the scar in 
FLC does not enhance with intravenous contrast, but 
this finding may not be reliable (McLarney et al. 1999).

Biliary rhabdomyosarcoma typically shows an 
intraductal growth pattern (Roebuck et al. 1998).

a

c d

b

Fig. 8.3 Common benign tumors of the liver. (a) Infantile 
hemangioma (transverse fat-suppressed T2-weighted MRI).  
This lesion (histologically identical to, and often associated 
with, “strawberry” hemangiomas of the skin) is almost always 
multifocal or diffuse.  This condition sometimes mimics meta-
static neuroblastoma (Fig. 8.4a). (b) Rapidly-involuting con-
genital hemangioma (contrast-enhanced CT, delayed images).  

The mass (arrows) shows only peripheral enhancement; its cen-
tral area shows low attenuation. (c) Mesenchymal hamartoma 
(T2-weighted coronal MRI).  This is an example of multicystic 
morphology (arrows), but this lesion may be partly or even 
entirely solid. (d) Focal nodular hyperplasia (arrows) in a 3-year-
old female (T2-weighted transverse MRI).  There is a central 
“scar”
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8.3  Staging Systems

Two major staging systems are in current use.  
The International Children’s Liver Tumor Strategy 
Group (SIOPEL) uses a preoperative staging system, 
PRETEXT (from PRETreatment EXTent of disease, 
Table 8.3 and Fig. 8.5), which is based on imaging find-
ings (Roebuck et al. 2007a). PRETEXT has also been 
adopted by other groups for purposes of data collection, 
in addition to the Children’s Oncology Group’s postsur-
gical staging system (Table 8.4; Ortega et al. 1991). The 
Japanese TNM classification (Morita et al. 1983) can be 
considered a forerunner of the PRETEXT system.

8.4  Local Staging

8.4.1  PRETEXT

The primary tumor is classified to one of four 
PRETEXT groups, using the upper case Roman numer-
als I to IV, based on its extent within the liver (Table 8.3, 
Figs. 8.5 to 8.9). It should be noted that this system 
does not perfectly represent the true segmental anat-
omy of the liver, based on the branching pattern of the 
intrahepatic branches of the portal vein, which define 
segments of quite variable size and extent in different 

a

c

b

Fig. 8.4 Other malignant tumors of the liver. (a) Stage 4S (MS) 
neuroblastoma with diffuse liver metastases.  Contrast-enhanced 
computed tomography shows typical appearance of gross het-
erogeneous hepatomegaly.  Note that the left lobe has expanded 
to surround the spleen (S).  The primary tumor was in the right 
adrenal (NB).  This multifocal pattern resembles that seen in 
infantile hemangioma (Fig. 8.3a). (b) Undifferentiated (embryo-

nal) sarcoma (contrast-enhanced CT).  The very low attenuation 
of the mass is characteristic. (c) Multifocal (F1) fibrolamellar 
carcinoma in an 11-year-old male (contrast-enhanced CT).  
There are innumerable liver lesions (small white arrows).  CT 
also shows lymph node metastases (N1, black arrow) and direct 
extension into the retroperitoneum, posterior to the inferior vena 
cava (large white arrow)
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individuals. Broadly speaking, the PRETEXT groups 
approximate the difficulty of surgical resection, if vas-
cular and other forms of local extension are ignored.

8.4.1.1  PRETEXT I (Fig. 8.6)

By definition, PRETEXT I tumors involve only the 
right posterior section (segments 6 and/or 7) or left lat-
eral section (segments 2 and/or 3), and are therefore 
almost always resectable at diagnosis (Fig. 8.6a). Very 
small PRETEXT I tumors are sometimes detected by 
screening, for example, in children with Beckwith–
Wiedemann syndrome, or as an incidental finding 
(Fig. 8.6b; Roebuck 2008). Larger lesions are more 
common, however (Fig. 8.6c).

8.4.1.2  PRETEXT II (Fig. 8.7)

PRETEXT II tumors are almost always unifocal and 
restricted to either the right or left lobe (Fig. 8.7a and 

b). In theory, multifocal tumors involving only the left 
lateral and right posterior sections would also qualify. 
Originally, there was no classification for tumors 
involving only the caudate lobe (segment 1). This was 

PRETEXT I One section is involved, and three 
contiguous sections are free of 
tumor

PRETEXT II One or two sections are involved, 
and two contiguous sections are 
free of tumor

PRETEXT III Two or three sections are 
involved, and no two contiguous 
sections are free of tumor

PRETEXT IV All four sections are involved

High risk hepatoblastoma  
(any of the following features)

PRETEXT IV

E1, E1a, E2, or E2a

H1 (tumor rupture at diagnosis)

M1

N1 or N2

P2 or P2a

V3 or V3a

Serum alpha-fetoprotein <100 mg/L

Standard risk hepatoblastoma

All other patients

Table 8.3 PRETEXT grouping for primary liver tumors 
(Roebuck et al. 2007a), and current SIOPEL risk stratification 
for hepatoblastoma

a

b

Right
posterior
section

Right
anterior
section

Left
medial
section

Left
lateral
section

Fig. 8.5 PRETEXT staging of the extent of the primary liver 
tumor. (a) “Exploded” frontal view showing the segmental anat-
omy of the liver. The hepatic and portal veins define the sections 
of the liver (numbered here 2–8).  Segment 1, which lies between 
the right portal vein (RPV) and the inferior vena cava, is obscured 
in this view.  The left hepatic vein (LHV) runs between segments  
2 and 3 and is not used in PRETEXT staging. (b) Schematic 
transverse section of the liver, showing the planes of the major 
venous structures used to determine the PRETEXT number 
(dashed lines). The right hepatic (RHV) and middle hepatic 
(MHV) veins indicate the borders between the right anterior sec-
tion (RAS) and the right posterior (RPS) and left medial (LMS) 
sections.  The umbilical portion of the left portal vein (LPV) 
separates the LMS from the left lateral section (LLS).  Note that 
the LPV actually lies caudal to the confluence of the hepatic 
veins, and is not seen in the same transverse image in clinical 
practice.  The segment numbers of each section are given in 
parenthesis. Reproduced with permission from: Roebuck DJ, 
Aronson D, Clapuyt P, et al. (2007) 2005 PRETEXT: a revised 
staging system for primary malignant liver tumours of childhood 
developed by the SIOPEL group. Pediatr Radiol 37:123-132
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corrected in the revised PRETEXT system (Roebuck 
et al. 2007a), and now caudate lobe involvement makes 
a tumor PRETEXT II as a minimum (Fig. 8.7c), and is 
also classified as C1.

8.4.1.3  PRETEXT III (Fig. 8.8)

The most important single task in local staging in hepa-
toblastoma is to distinguish PRETEXT III tumors from 
PRETEXT IV. This is easier for right-sided tumors, 
which are separated from the left lateral section (seg-
ments 2 and 3) by the fissure for the ligamentum teres 
and the left portal vein. These structures are usually easy 
to identify on transverse and coronal images. When the 

tumor is left-sided, the crucial structure is the right 
hepatic vein, which is often harder to identify, and which 
must be distinguished from accessory veins, which drain 
into the retrohepatic inferior vena cava (IVC).

8.4.1.4  PRETEXT IV (Fig. 8.9)

PRETEXT IV tumors involve all four sections of the 
liver, and are therefore (with extremely rare excep-
tions based on unconventional operations) unresect-
able at diagnosis without the use of transplantation. 
Results from SIOPEL studies suggest that many chil-
dren with large unifocal PRETEXT IV hepatoblas-
toma (Fig. 8.9a) have undergone trisectionectomy 
following preoperative chemotherapy. It is not clear 
whether some of these patients were incorrectly staged 
at diagnosis. Multifocal hepatoblastoma is often 
PRETEXT IV (Fig. 8.9b), and again occasional 
patients have been successfully treated without trans-
plantation. Despite these observations, all PRETEXT 
IV patients should be referred for assessment by a 
transplant center at diagnosis.

8.4.2  Imaging of Segmental  
and Vascular Anatomy

The vascular anatomy of the liver is the key to evalua-
tion of the segmental extent of the tumor (Fig. 8.5), 
and imaging is not complete until all the relevant infor-
mation has been obtained.

The anatomy of the (main) portal vein (MPV) is 
almost always predictable. It bifurcates at the porta 
hepatis into two large branches: the left portal vein 
(LPV) and the right portal vein (RPV). Trifurcation of 
the MPV is an uncommon variant.

The anatomy of the hepatic veins is much more 
variable (Catalano et al. 2008). The standard pattern, 
in which three major vessels, the left (LHV), middle 
(MHV), and right (RHV) hepatic veins, converge on 
the superior end of the IVC is seen in a minority of 
individuals (Catalano et al. 2008). The most common 
variants are to have a short common trunk of the LHV 
and MHV, and/or multiple MHVs. A useful clue for 
identifying the MHV is that it tends to lie in the same 
oblique plane as the gallbladder fossa. Accessory 
RHVs are common but are not important for PRETEXT 
grouping.

Stage I No metastatic disease, tumor 
completely resected

Stage II No metastatic disease, microscopic 
residual disease after resection of 
tumor, or tumor rupture (including 
tumor spill at the time of surgery)

Stage III No distant metastases, tumor 
unresectable or resected with gross 
residual disease, or lymph node 
metastases

Stage IV Distant metastases, irrespective  
of local extent of tumor

Low risk hepatoblastoma

Stage I PFH

Stage I non-PFH  
non-SCUD

Stage II non-SCUD

Intermediate risk hepatoblastoma

Stage I SCUD

Stage II SCUD

Stage III

High risk hepatoblastoma

Stage IV

AFP < 100 mg/L

PFH Pure fetal histology

SCUD Small cell undifferentiated histology

AFP Alpha-fetoprotein

Table 8.4 Children’s Oncology Group postsurgical staging 
system (Ortega et al. 1991), and current risk stratification for 
hepatoblastoma (AHEP0731)
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8.4.3  Multifocal Tumor (F)

It seems likely that the distinction between multifocal 
(and perhaps diffuse) tumors and unifocal lesions is 
clinically useful (Roebuck et al. 2007a). The presence 
of more than one intrahepatic nodule, regardless of 
size or PRETEXT group, is classified as F1 (Figs. 8.1b, 
8.4c, and 8.9b), and unifocal lesions as F0.

8.5  Vascular Involvement (P, V)

Involvement of both the portal venous system and the 
systemic veins (hepatic veins and/or inferior vena 
cava) is common in hepatoblastoma and hepatocellular 
carcinoma. The 2005 PRETEXT revision defines the 
word “involvement” quite clearly (Fig. 8.10; Roebuck 
et al. 2007a). The first type of involvement is invasion 

a

c

b

Fig. 8.6 PRETEXT I. (a) The two possible patterns of 
PRETEXT I tumor. Reproduced with permission from: Roebuck 
DJ, Aronson D, Clapuyt P, et al. (2007) 2005 PRETEXT: a 
revised staging system for primary malignant liver tumours of 
childhood developed by the SIOPEL group. Pediatr Radiol 
37:123-132. (b) Ultrasound shows a small PRETEXT I tumor 
(arrows), an incidental finding in a 4-month-old male with 

Beckwith-Wiedemann syndrome. (c) Contrast-enhanced MRI 
shows a large PRETEXT I tumor, which arises from segments 6 
and 7, and displaces the right hepatic vein (RHV) anteriorly and 
to the left (arrow).  The fissure for the ligamentum teres (F) lies 
in the plane of the umbilical segment of the left portal vein, 
separating segments 2 and 3 from segment 4.  MHV = middle 
hepatic vein, RPV = right portal vein
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of the lumen of the vein (Figs. 8.1c and 8.11b). The 
second is complete encasement of the vein, with or 
without obstruction of its lumen (Fig. 8.11a). It is rea-
sonable to assume that a vein is encased if no vessel is 
seen in its expected location (allowing for possible dis-
placement by the tumor). On CT studies, this only 
applies if the images were obtained after the appropri-
ate time delay for that type of vessel following contrast 
injection (see above). Although both of these forms of 
involvement are likely to be indicators of a relatively 
poor prognosis, invasion may be worse than encase-
ment. A tumor that abuts a vein without completely 
encircling it does not involve the vein according to this 
definition (Roebuck et al. 2007a).

Involvement of either the LPV or the RPV, or one of 
their major branches, is classified as P1 (Fig. 8.11). 
When there is involvement of both branches and/or the 
MPV, the patient is categorized as P2.

Involvement of one or two of the hepatic veins, or 
their major tributaries, is classified as V1 or V2, respec-
tively (Fig. 8.12). The term V3 is used when there is 
involvement of all three hepatic veins and/or the IVC. 
IVC compression is very commonly seen in children 
with large tumors, often accompanied by enlargement 
of veins of the azygos system. This finding by itself is 
not considered involvement.

In each case, invasion of the vein (as opposed to 
encasement), is indicated by the suffix –a.

ba

c

Fig. 8.7 PRETEXT II. (a) The most common patterns of 
PRETEXT II tumors.  Other configurations are possible but 
uncommon. Reproduced with permission from: Roebuck DJ, 
Aronson D, Clapuyt P, et al. (2007) 2005 PRETEXT: a revised 
staging system for primary malignant liver tumours of childhood 
developed by the SIOPEL group. Pediatr Radiol 37:123-132.  

(b) Coronal contrast-enhanced CT image, showing a large 
PRETEXT II tumor displacing the middle hepatic vein (arrows) 
to the left. (c) Tumor involving the caudate lobe (C1), between 
the right portal vein (black arrow) and the inferior vena cava 
(white arrow).  Caudate lobe involvement is by definition at least 
PRETEXT II.
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a

b

Fig. 8.8 PRETEXT III. (a) The most common patterns of 
PRETEXT III tumors.  Other configurations are possible but 
uncommon. Reproduced with permission from: Roebuck DJ, 
Aronson D, Clapuyt P, et al. (2007) 2005 PRETEXT: a revised 
staging system for primary malignant liver tumours of child-

hood developed by the SIOPEL group. Pediatr Radiol 37: 
123-132. (b) Coronal T2-weighted MRI shows a PRETEXT III 
tumor, apparently arising from the right lobe and involving seg-
ment 4.  There is a lung metastasis (M1p, arrow)

a b

Fig. 8.9 PRETEXT IV. (a) Contrast-enhanced MRI shows a 
huge unifocal tumor involving all four sections of the liver 

(PRETEXT IV F0). (b) Contrast-enhanced CT shows multifocal 
tumor involving all four sections of the liver (PRETEXT IV F1)
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a b

Fig. 8.11 Involvement of the 
portal venous system (P).  
(a) P1.  The right portal vein 
(white arrows) is encased by 
tumor.  The (main) portal 
vein (black arrowheads) and 
left portal vein (not shown) 
are not involved.  
(b) P2a.  Venous invasion.  
Ultrasound shows tumor 
growing within the (main) 
portal vein (arrows)

Fig. 8.10 Venous involvement, 
either portal or systemic, 
according to the PRETEXT 
system. A tumor which 
approaches (a) or abuts (b) a 
vessel does not involve it.  
Involvement is defined as either 
encasement (c) or invasion (d).
Reproduced with permission 
from: Roebuck DJ, Olsen Ø, 
Pariente D (2006) Radiological 
staging in children with 
hepatoblastoma. Pediatr Radiol 
36:176-182

8.6  Extrahepatic Spread  
in the Abdomen (E, H)

The PRETEXT system classifies direct extension of 
tumor from the liver and peritoneal spread of disease 
as E1, E1a, E2, or E2a (Roebuck et al. 2007a). In 
addition, the presence (H1) or absence (H0) of tumor 
rupture at diagnosis is also recorded. Although there  
is no proof that E1, E2, or H1 are adverse prognostic 

factors, they are both currently regarded as defining 
features of high-risk hepatoblastoma by SIOPEL.

A primary liver tumor may invade the abdominal 
wall, the diaphragm, or adjacent organs such as the 
pancreas or colon (Roebuck et al. 2007b). Although 
advances in CT and MRI have made this form of 
spread easier to detect, it remains quite uncommon 
in hepatoblastoma (Roebuck et al. 2007b). Direct 
extension of tumor is classified as E1. Biopsy 
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confirmation is not required if the imaging features 
are unequivocal (Roebuck et al. 2007a). The pres-
ence of an exophytic or pedunculated growth pattern 
alone has probably no adverse effect on prognosis, 
and is not sufficient for E1. Although the 2005 
PRETEXT revision does not specifically address this 
issue, invasion of the gallbladder alone should not be 
regarded as E1.

Peritoneal spread (in the form of separate tumor 
nodules) is often detectable by CT, MRI, and, particu-
larly in the presence of ascites, US (Fig. 8.13; Roebuck 
et al. 2007b). This form of spread is classified as E2, 
regardless of the size of the lesion.

It is not known whether the presence of ascites 
alone is an independent risk factor in children with  
primary liver tumors. In order to facilitate future data 
analysis, the suffix –a is added to the classification 
(i.e., E0a, E1a, or E2a) when ascites is present.

Tumor rupture (as shown by the presence of hemo-
peritoneum) is classified as H1 (Fig. 8.14a). This 
requires either a combination of clinical, laboratory, 
and imaging findings (e.g., presentation with sudden 
abdominal pain, possibly after trauma, hypotension, or 
low hematocrit, and echogenic peritoneal fluid on US) 
or aspiration of blood at paracentesis. Tumor rupture is 
not uncommon in hepatoblastoma and hepatocellular 
carcinoma (Ishak and Glunz 1967; Iida et al. 2004; 
Chan et al. 2002), and may require urgent surgery or 
embolization. Localized (e.g., subcapsular) hemor-
rhage and biopsy-related bleeding are not sufficient for 
H1 (Fig. 8.14b).

8.7  Metastatic Disease (M, N)

The 2005 revision separates distant metastases into two 
separate categories, as is common in adult tumors using 
the TNM system. Presumed hematogenous metastases 
are classified as M1. In hepatoblastoma, almost all 
metastases at diagnosis are found in the lungs (M1p, 
Fig. 8.2), but in hepatocellular carcinoma lesions are 

a b

Fig. 8.12 Involvement of the inferior vena cava (IVC) and/or 
hepatic veins (V). (a) V2. Transverse contrast-enhanced CT 
image shows encasement of the middle hepatic vein (arrow).  

The right hepatic vein is completely obliterated. (b) V3a.  
Transverse contrast-enhanced CT image shows that tumor has 
extended to involve the suprahepatic IVC (arrows)

Fig. 8.13 Peritoneal tumor nodule without ascites (E2). 
Ultrasound shows a tiny echogenic peritoneal nodule (arrows), 
overlying the liver, which has recruited blood supply from the 
abdominal wall. This is currently the only feasible imaging tech-
nique which can distinguish between a peripheral liver nodule 
(F1) and a peritoneal metastasis (E2)
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sometimes found in the skeleton (M1s, Fig. 8.15), cen-
tral nervous system (M1c), bone marrow (M1m), or 
other sites (M1x). Biopsy proof is not required in the 
presence of convincing imaging findings.

Although multidetector CT technology is now 
widely available, high-quality imaging of all of the 
lungs is sometimes not possible for various reasons, 
despite best techniques for anesthesia or sedation (see 
above). Even with ideal imaging, the diagnosis of 
pulmonary metastases in children is fraught with dif-
ficulties (McCarville et al. 2006), and most of the 
available information comes from children with non-
hepatic primary tumors (Absalon et al. 2008). Various 
benign lesions may simulate solitary or multiple 
metastases. The most common of these are granulo-
mas, which may be seen after bacterial, fungal, or 
viral infections (e.g., tuberculosis, histoplasmosis, 
and varicella). There is a significant geographical 
variation in the frequency of postinfective lung nod-
ules (McCarville et al. 2006). Hamartomas and intra-
pulmonary lymph nodes may also simulate metastases. 
Various factors, including basal distribution, subpleu-
ral location, smooth margins (McCarville et al. 2006), 
and size and number of lesions (McCarville et al. 
2006) have been proposed as signs that lung lesions 
are likely to be due to metastatic disease, but these are 
unreliable (McCarville et al. 2006). Interobserver 
variability in prediction of malignancy is quite high, 
but there is some evidence that radiologists who prac-
tice predominantly in pediatric oncology may 

perform better than general pediatric radiologists 
(McCarville et al. 2006).

The PRETEXT system takes a pragmatic approach 
to this problem. Rather than insisting on biopsy in all 
patients who have lung lesions compatible with metas-
tases, it classifies them as M1p and leaves the decision 
about risk stratification (e.g., on the basis of the size 
and/or number of lesions) to individual treatment pro-
tocols. For example, the SIOPEL 4 protocol required 
not just M1p, but the presence of at least one lung 
lesion >10 mm, or “several” (interpreted as >1) lesions, 
at least one of which was >5 mm, for a patient to qual-
ify as having high-risk hepatoblastoma.

Lymph node metastases are uncommon in hepato-
blastoma (Morita et al. 1983), and even when they are 
present it is not clear that they are a significant prog-
nostic factor (Reyes et al. 2000). Benign enlargement 
may also occur. For these reasons, the PRETEXT sys-
tem requires biopsy proof. In the future, it may be pos-
sible to detect malignant nodes using imaging 
techniques such as positron emission tomography or 
diffusion-weighted MRI. Currently, the best approach 
may be to biopsy very large nodes (>15 mm in short 
axis) in children with hepatoblastoma. In hepatocellu-
lar carcinoma and fibrolamellar carcinoma, where 
lymph nodes metastases are much more common 
(Fig. 8.4c), biopsy confirmation is not required if the 
short axis diameter is >15 mm (Roebuck et al. 2007a).

Abdominal lymph node metastases are coded as N1 
(Fig. 8.4c) and distant nodal metastases as N2.

a
b

Fig. 8.14 Tumor rupture at diagnosis (H). (a) H1. Abdominal 
ultrasound shows fresh intraperitoneal blood, shown as a layer 
of mixed echogenicity fluid (asterisks), anterior to the tumor (T). 

(b) H0.  Coronal contrast-enhanced CT image shows an isolated, 
possibly subcapsular, fluid collection (arrows) 
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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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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.

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)

Table 9.1 SIOPEL classification of hepatoblastomas



859 Pathology of Pediatric Liver Tumors

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 

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.

a b

c d

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).  

(c) 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 [×40 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 

a b

c d

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). (c) 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. 9.2c), 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.

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

(c) 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 
et al. 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. 9.4c). 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). (c) 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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AFP and aggressive biology are HB-SCUD (De Ioris 
et al. 2008). Rare variants of HB-SCUD exhibit a 
myxoid stroma with large amounts of glycosamino-
glycans (Fig. 9.6a and b), sometimes with mucoid 
microcysts (“mucoid anaplastic hepatoblastoma”; 
Joshi et al. 1984).

The SCUD phenotype may be focal and associated 
with fetal- and/or embryonal-type tumor cells; this 
phenomenon has previously been noted in descriptions 
of hepatoblastomas (Gonzalez-Crussi et al. 1982). 

Even incomplete, that is, nondiffuse expression of the 
SCUD phenotype has been shown to be unfavorable 
(Douglass et al. 1993; Haas et al. 2001). In a CCG 
report of 33 patients with Stage I hepatoblastoma, 3/18 
patients whose completely resected hepatoblastomas 
were believed to be of pure fetal histology later devel-
oped pulmonary metastases. The histology review 
showed that all three tumors contained scattered micro-
scopic foci of SCUD histology (Feusner et al. 1993; 
Haas et al. 2001).

a b

Fig. 9.5 (a) Cytokeratin 8 expression in cells of small cell 
undifferentiated hepatoblastoma (brown reaction product; CK8 
immunostain). (b) Small cell undifferentiated hepatoblastomas 

may show high proliferative activity (proliferation marker/Ki-67 
immunostain).

a b

Fig. 9.6 (a) Myxoid variant of small cell undifferentiated hepa-
toblastoma. Note the prominent myxoid (whitish-blue) intercel-
lular matrix (hematoxylin and eosin stain). (b) The myxoid 

matrix is rich in glycosaminoglycans (maxtrix in blue, tumor 
cells in red; alcaline Alcian blue stain)
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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 (22q11.2) and show truncating frameshift or non-
sense mutations of INI1, 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 

a
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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 INI1-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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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, 

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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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). (c) Melanin 

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)
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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 
et al. 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). (c) In addition to cytoplasmic 
expression, this tumor displays nuclear reactivity for beta-
catenin, indicating beta-catenin gene mutation (beta-catenin 
immunostain)

a

b

c
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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 
et al. 1963; review: Nakagawara et al. 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 III 
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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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 

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 
PLAG1, 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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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). (c) Invasion of the portal 

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)
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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 
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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).  
(c) 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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Fig. 9.11 (continued)

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 a recently 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 

a
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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). (c) 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.

a b

c d
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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). (c) 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 

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 Par1 (Fig. 9.14d). Interestingly, the nested cells 

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 

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)

a b

c d
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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 with low 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 1a, are 
also associated with the development of hepatic tumors 
in children, including HCC (Coire et al. 1987; Bianchi 
1993; Siciliano et al. 2000).

Fig. 9.14 (continued)

e f
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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 

Table 9.2 Genetic syndromes and other abnormalities associated with hepatocellular carcinoma in children

Disease Associated genes Reference

Hereditary tyrosinemia Fumarylacetoacetate hydrolase Weinberg et al. 1976; Demers et al. 2003

Glycogen storage diseases – Bianchi 1993; Siciliano et al. 2000

Familial adenomatous polyposis APC Giardello et al. 1996

Alagille syndrome Jagged-1 Kaufman et al. 1987

Other familial cholestatic syndromes FIC1, BSEP Taat et al. 2004

Neurofibromatosis NF-1 Ettinger and Freeman 1979

Ataxia telangiectasia ATM Weinstein et al. 1985

Fanconi anemia FAA, FAC, others (20%) Abbondanzo et al. 1986; Touraine et al. 
1993

Other reported associations

TPN – Vileisis et al. 1982
Osteogenesis imperfecta COL1A1, COL1A2 (CRTAP, LEPRE1) Chandra and Stocker 1992
Congenital hepatic fibrosis Several Manes et al. 1977
Abnormal abdominal venous drainage – 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
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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 

Fig. 9.15 Hepatocellular carcinoma in a 16 year-old with mul-
tiple tumor nodules, necrotic foci, and vascular invasion
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carcinoma in routine histological examination, and as a 
potential target in monoclonal antibody-based hepato-
cellular carcinoma therapy (Fig. 9.16c) (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 

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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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 

focally. Note the abundant mitoses. (c) 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
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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  

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).

a b

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

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, 1q, 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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10.1  Introduction

Tumor resection remains the main stem of treatment and 
the prerequisite of cure in most cases of pediatric liver 
tumors. However, liver surgery still remains a challenge 
for many less experienced centers, even though associ-
ated mortality rates dropped significantly being between 
0% and 5% nowadays in major pediatric series (Pham 
et al. 2007; Finegold 2002). In the SIOPEL 1 study, 
which involved 91 centers from 30 countries, surgical 
mortality rate was 4% (5/115 patients) (Pritchard et al. 
2000). It is often preferred, however, when the surgery is 
performed in well-experienced and adequately equipped 
centers, while many pediatric surgical institutions may 
only see one case of liver tumor per 1 or 2 years.

10.2  Biopsy

Careful preoperative imaging should be performed in 
all patients. The three largest international study groups 
have different approaches to biopsy in children with 
suspected primary malignant liver tumors. In recent 
SIOPEL protocols, biopsy has become mandatory in 
cases of suspected hepatoblastoma, regardless of the 
size and apparent resectability of the tumor (Czauderna 
et al. 2006a). In the past the Children’s Oncology 
Group (COG) and the German Pediatric Oncology 
and Hematology group (GPOH) recommended laparo-
tomy with a view to primary resection of the tumor 
(Fuchs et al. 2002). This approach has become some-
what modified lately and limited mainly to tumors 
resectable by standard hemihepatectomies as judged 
by preoperative imaging (Meyers et al. 2009). In the 
COG protocols, all other children have a diagnostic 
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biopsy. The GPOH group, however, regards biopsy as 
unnecessary in patients aged between 6 months and 3 
years of age with unequivocal clinical findings, typical 
imaging, and highly elevated alfa-fetoprotein (AFP) 
level (Katzenstein et al. 2002a). So far as patients with 
suspected hepatocellular carcinoma including older 
children are concerned, particularly those with predis-
posing conditions, upfront resection may be recom-
mended, whenever possible.

Although biopsy can be probably safely omitted in 
the so-called typical hepatoblastoma cases, listed 
above, it is highly recommended in every case nowa-
days. First, it allows using chemotherapy safely and 
lawfully having tissue diagnosis. Second, hepatocel-
lular carcinoma (HCC) can occur even in very young 
children, for example, in the large US Intergroup 
report 5 out of 28 HCCs were diagnosed in patients 
younger than 5 years (Finegold 2002). HCC was also 
reported in patients as young as 3 years (Schnater et al. 
2003). In young children (below 12 months of age), 
physiologically elevated AFP may have a confounding 
effect. Additionally, in this age group, benign hepatic 
masses, that is, hemangiomas and hemangioendothe-
liomas are more common.

The aim of tumor biopsy is to obtain sufficient tis-
sue to allow an accurate diagnosis, whilst avoiding 
complications. In general, tumor biopsy is a safe and 
diagnostically reliable procedure. Complications asso-
ciated with liver biopsy are mild and relatively rare 
occurring in 5–10% of patients at the most (Schnater 
et al. 2003). The single most important and potentially 
immediate complication is hemorrhage. There is also 
the possibility of seeding tumor cells into an unin-
volved segment of the liver, the abdominal wall or peri-
toneal cavity, although this complication is very 
infrequent and never found in SIOPEL studies (Schnater 
et al. 2003). In SIOPEL 1 and 2 studies, when open 
biopsy was used in the majority of cases, no life- 
threatening biopsy complications were recorded. In the 
SIOPEL 1 trial complications did occur in 6% of cases 
(7/122) and were generally minor: bleeding from the 
biopsy site in four patients (one open, three closed), 
abdominal pain in two (one open, one closed), and a 
wound infection in a child who had an open biopsy 
(Pritchard et al. 2000). All seven patients recovered 
completely with conservative management. There were 
no cases of tumor spillage or seeding reported.

Traditionally, open biopsy was performed by 
exploratory laparotomy. However, the above risks can 

be minimized by using a percutaneous coaxial tech-
nique or (in case of laparoscopic approach) using a 
protecting needle to guide tru-cut biopsies. This is par-
ticularly important in suspected inoperable HCC, 
because it is associated with the high risk of biopsy tract 
seeding. Additionally, with recent improvements in stag-
ing by cross-sectional liver imaging (computed tomog-
raphy – CT and/or magnetic resonance imaging – MRI) 
and percutaneous biopsy techniques, it has become 
clear that diagnostic laparotomy is unnecessary and 
probably undesirable. The SIOPEL group conse-
quently favors image-guided needle biopsy in children 
with suspected HB (Czauderna et al. 2005). Fine nee-
dle aspiration cytology is generally not recommended 
as it may provide insufficient material for diagnosis 
and will not allow tissue storage for biological 
studies.

Correction of severe coagulopathy or thrombocy-
topenia should be attempted prior to biopsy. Biopsies 
may be performed under general anesthesia in chil-
dren. Real-time ultrasound (US) guidance makes liver 
tumor biopsy easier and safer, thus it is strongly rec-
ommended. Automated or semi-automated cutting 
needles (16- or 18-gauge) provide sufficiently large 
tumor cores. A coaxial approach seems to be the best, 
because it allows multiple samples to be obtained with 
a single tissue path (Czauderna et al. 2006a). Whenever 
possible, the outer needle should be passed through 
unaffected liver for a short distance to minimize the 
possibility of tumor seeding. Great care should be 
taken, however, to avoid crossing, and therefore pos-
sibly contaminating, segments of the liver that will not 
be resected at subsequent surgery. The biopsy tract 
may be embolized through the outer needle at the end 
of the procedure, either with thrombogenic plugs of 
gelatin foam (Czauderna et al. 2006a), or with a slurry 
of collagen (Hoffer 2000).

Alternatively, biopsy may be performed via laparos-
copy or in a laparoscopic-assisted fashion (Fig. 10.1). It 
has the potential advantage of detecting extrahepatic 
tumoral deposits. The biopsy tract should be marked by 
a stitch or tattoo and resected during the definitive sur-
gery, especially if the diagnosis is HCC.

The samples should be sent fresh to a histopathol-
ogy laboratory. In the case of very large and necrotic 
tumors, it may be worthwhile to confirm adequacy and 
viability of the pathologic material sampled by imme-
diate frozen section examination. Biopsy results should 
be interpreted in the light of clinical and radiological 
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findings, as the histological interpretation can some-
times be misleading in isolation. In addition to con-
firming the diagnosis, biopsy material may be stored 
and used for future research purposes.

10.3  Liver Resections

The ultimate goal of surgical resection in primary liver 
tumors is to achieve complete clearance of the tumor. 
In the case of hepatoblastoma, which is the most com-
mon primary malignant hepatic tumor of childhood, 
the approach differs between various study groups as 
mentioned earlier. The SIOPEL group recommends a 
delayed surgical approach in every case since preop-
erative chemotherapy largely facilitates resection by 
shrinking most tumors and even downstaging some by 
limiting them to fewer hepatic sections (Czauderna 
et al. 2005; Schnater et al. 2002). It is very unusual for 
a tumor to increase in size during preoperative chemo-
therapy: this happened in only four patients (3% of the 
total number) in the SIOPEL 1 study and only one of 
them became unresectable and later underwent a trans-
plant and was hence completely salvaged (Czauderna 
et al. 2005). Contrary to past beliefs chemotherapy 
does not increase the number of surgical complications 
(Finegold 2002; Czauderna et al. 2005; Schnater et al. 
2002). In fact, it makes tumors more solid, better delin-
eated from surrounding liver parenchyma, and less 
prone to bleeding (Schnater et al. 2003; Czauderna 
et al. 2005). German data collected throughout two 

consecutive trials HB89 and HB94 showed that pri-
mary hepatectomy was associated with a significantly 
higher number of incomplete resections in comparison 
with the delayed post-chemotherapy approach: 30% 
(14/48) versus 19% (15/78) (Fuchs et al. 2002). In the 
USA, however, primary surgery is preferred, at least in 
tumors limited to one hepatic lobe, with a hope to avoid 
the potential toxicity of prolonged chemotherapy: with 
this approach about 40% of tumors can be resected 
upfront, however, another 45% can be operated suc-
cessfully after preoperative chemotherapy (Finegold 
2002; Meyers et al. 2009; Ortega et al. 2000).

It is well known that only complete tumor resection 
gives realistic hope of cure for children with malignant 
liver tumors, thus its planning remains crucial. This 
implies that all options, including orthotopic liver 
transplantation (which is the subject of a separate 
chapter), should be explored before declaring a tumor 
unresectable. This is particularly important in HCC: in 
the SIOPEL 1 study, the only HCC survivors were 
patients who underwent complete tumor removal; 
however, the chances for tumor recurrence in the liver 
is much higher in HCC than in HB being in the range 
of 50% (Czauderna et al. 2002). In the American 
Intergroup Hepatoma Study INT-0098 among 46 reg-
istered HCC patients event-free-survival at 5 years was 
19% (SD = 6%), while for stage I patients (completely 
resected at diagnosis) it was 88% (SD = 12%), which 
underlines the importance of a complete HCC resec-
tion (Katzenstein et al. 2002b). The same applies to 
pediatric fibrolamellar HCC variant (Katzenstein et al. 
2003). Unfortunately most of pediatric HCCs are 
advanced (83% in quoted American study) and never 
become resectable, even when some response to che-
motherapy is observed (Czauderna et al. 2002; 
Katzenstein et al. 2002b).

The advocated tissue margin to achieve complete 
resection is somewhat controversial. Although the 
recommended adult minimal margin of resection is  
1 cm, this is often difficult to follow in pediatric 
tumors; thus a close resection margin on a portal or 
hepatic vein should not be viewed as a contraindica-
tion to tumor resection attempt per se (Finegold et al. 
2008). In fact, even a few millimeters margin may be 
sufficient for cure (Dicken et al. 2004). In multifocal 
tumors one should take into consideration a possibil-
ity of resecting completely all invaded liver sections 
as determined by imaging at diagnosis, if feasible, 
even if they had been cleared lately with preoperative 

Fig. 10.1 Laparoscopic-assisted tru-cut needle liver tumor 
biopsy
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chemotherapy. Otherwise small lesions, undetectable 
by preoperative imaging, may persist and the chance 
for local tumor recurrence may be higher. When there 
is any doubt on the completeness of resection and 
macroscopic residual tumor is found, the surgeon 
should definitely explore the possibility of immediate 
re-resection of the margin. In doubtful cases, taking 
extra frozen sections from both resection margins, 
including patient’s one, may also be considered. It 
seems, however, that microscopic residuum is not 
associated with inferior outcome (see 9.3.3 Tumor 
residuum).

The final judgment of the completeness of resection 
is dependent on the definitive pathology report and 
especially on the return of postoperative AFP to nor-
mal, provided, of course, there is no persistent meta-
static disease. This may take over 2 months, because 
the half-life of circulating AFP is about 6 days, and 
levels may be very high before surgery. It should be 
remembered that a minimal rise in AFP shortly after 
surgery may be a sign of liver regeneration.

10.3.1  Liver Anatomy and Resectability 
Assessment

10.3.1.1  Hepatic Anatomy

Good knowledge of hepatic anatomy is essential for 
any pediatric surgeon planning to perform liver resec-
tion. Liver in contrast to most organs has double 
blood supply: portal and arterial; however, most of 
malignant liver tumors are fed mainly by arterial vas-
culature. Classically, according to Couinaud’s sys-
tem, the liver is divided into eight segments including 
segment 1, which corresponds to the caudate lobe 
(Fig. 10.2) (Couinaud 1994; Stringer 2007; Roebuck 
et al. 2006). The left hepatic lobe is formed by seg-
ments 2–4 and the right one by segments 5–8. 
Division between upper and lower segments is 
marked by the bifurcation of the portal vein horizon-
tally, while the vertical margin between both hepatic 
lobes is set at the middle hepatic vein or the plane 
between gallbladder fossa and retrohepatic inferior 
vena cava (Fig. 10.3). Additionally, the liver can be 
divided into four sections (previously called sectors): 
left lateral (seg. 2 + 3), left medial (seg. 4a and 4b), 
right anterior (seg. 5 + 8), and right posterior (6 + 8) 

(Fig. 10.4). It is divided according to the course of 
the right and middle hepatic veins and the umbilical 
fissure or the umbilical portion of the left portal vein 
(Figs. 10.3 and 10.4). In many anatomical drawings, 
the left hepatic vein is mistakenly shown as the bor-
derline between left medial and left lateral sections, 
while in fact it runs to the left from this boundary 
(Fig. 10.4) (Roebuck et al. 2006). Caudate lobe is 
divided anatomically into three regions: the left 
Spiegel, the process portion, and the paracaval por-
tion (Koga et al. 2009). However, it is only rarely 
involved in hepatoblastoma.

Unfortunately, liver anatomy can be very variable 
and segments borders are not quite perfectly correlated 
with the branching pattern of the portal vein (Roebuck 
et al. 2006).

Fig. 10.2 Scheme of liver segments

Fig. 10.3 Main vascular structures within the liver
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10.3.1.2  Resectability

Accurate and adequate assessment of tumor resectabil-
ity, either at diagnosis or following preoperative che-
motherapy depending on overall treatment strategy, is 
of utmost importance. This requires access to the high-
quality cross-sectional imaging with contrast-enhanced 
CT and/or MRI. Ultrasound (with doppler studies) is 
an especially valuable tool for assessment of hepatic 
tumor resectability in children, as it allows real-time 
examination of the mass and its relation to hepatic ves-
sels and may help visualize vascular structures that are 
not seen on CT because of suboptimal contrast 
enhancement (Finegold et al. 2008). US can also more 
easily discriminate actual vascular involvement and 
presence of neoplastic thrombus from vessel compres-
sion only. It is often extremely helpful for the surgeon 
to be present during the US examination.

Although three staging systems exist in pediatric 
liver tumors, two of them (Clinical Oncology Group 
staging system and TNM) are postoperative and hence 
of little use in tumor resectability assessment. 
Additionally,  the TNM system is complicated and not 
very well suited to hepatoblastoma and hence it is 
rarely used. In 1990, the SIOPEL group introduced 
the innovative preoperative tumor staging system, 
which was called PRETEXT (PRE-treatment Tumor 

EXTension) (Pritchard et al. 2000). It was specifically 
developed to predict tumor resectability and monitor 
response to preoperative chemotherapy. PRETEXT 
describes the number of liver sections involved, as 
well as presence of extrahepatic disease or vascular 
involvement coded by additional letters: V, P, E, M 
(Fig. 10.5). The letters V, P, E, and M were added for 
Venous, Portal, Extrahepatic, and Metastatic involve-
ment. Although extrahepatic and nodal involvement 
in hepatoblastoma is rare, it was required to confirm 
this in any case by the biopsy. Vascular involvement 
was defined as the presence of intravascular throm-
bus, vessel encasement, or complete occlusion by the 
tumor. The following table represents definitions of 
PRETEXT individual categories:

PRETEXT number Definition

I One section is involved and 
three adjoining sections are free

II One or two sections are 
involved, but two adjoining 
sections are free

III Two or three sections are 
involved and no two adjoining 
sections are free

IV All four sections are involved

Fig. 10.4 Vascular structures 
and lines of division of liver 
parenchyma into segments
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In the year 2005, the PRETEXT system underwent 
an important modification and was made more detailed 
with the following changes introduced (Roebuck et al. 
2007):

1. Segment 1 involvement was included and coded as 
“C1” (from caudate lobe). Additionally, by defini-
tion, all C1 patients have to be assigned at least to 
PRETEXT 2 category.

2. For extrahepatic disease, suffix “a” was added, if 
ascites was present.

3. Tumor focality was added and coded as “F1” (in 
case of multifocal tumors).

4. Tumor rupture or intraperitoneal hemorrhage at diag-
nosis was included and coded as “H1.” Subcapsular 
or biopsy-related bleeding is not included and hence 
coded as “H0.”

5. Nodal involvement was coded as “N1,” if limited to 
the abdomen. When extra-abdominal, it was coded 
as “N2.”

6. Finally, involvement of vascular structures was 
made more specific and coded as “P0,” “P1,” “P2” 
(depending on the number of main portal trunks 

involved) and “V0,” “V1,” “V2,” “V3” (depending 
on the number of the hepatic veins and/or IVC 
involved). Additionally, suffix “a” was added in 
cases of the presence of intravascular tumor.

It was shown that PRETEXT system not only helps 
to judge tumor resectability at diagnosis and after 
preoperative chemotherapy but also determines the 
patient’s prognosis (Brown et al. 2000). It showed 
moderate accuracy, good reproducibility, and inter-
observer agreement, as well as superior predictive 
value for survival (in comparison with other staging 
systems) with a slight tendency to overstage patients 
(Aronson et al. 2005). Predictive value of PRETEXT 
system was roughly equivalent to the TNM system but 
superior to the COG system, when applied retrospec-
tively to the INT-0098 American study (Meyers et al. 
2009). Additionally, PRETEXT showed its usefulness 
in identifying patients amenable to an upfront surgical 
resection (PRETEXT I and II), as well as those who are 
potential candidates for liver transplantation (Meyers 
et al. 2009). Currently it is accepted by all major liver 
tumors study groups and implied prospectively in 

PRETEXT

PRE-TREATMENT EXTENT OF
DISEASE

V=Vena Cava and/or Main Tributaries

P= Portal Vein and/or main Tributaries

E= Extrahepatic excluding extrahepatic
V or P

M = Distant Metastases (mostly lungs –
otherwise specify)

R L

I

II

III

IV

Fig. 10.5 Schematic representation of the PRETEXT staging system
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their trials (Meyers et al. 2009). However, it needs to 
be mentioned that some limitations of the PRETEXT 
system result from the fact that distinction between 
real invasion beyond the anatomic border of a given 
hepatic section and its compression and displacement 
by the tumor can sometimes be very difficult indeed, 
especially at diagnosis (Otte et al. 2004).

Other factors which influence tumor resectability 
are multifocality and vascular involvement: portal and 
hepatic veins, as well as IVC (D‘Antiga et al. 2007).

Due to the impressive regenerative capabilities of the 
liver, as much as 75–85% of the hepatic parenchyma can 
be safely resected, provided the remaining liver mass is 
otherwise healthy (Czauderna et al. 2005; Dicken et al. 
2004; Herzog et al. 2000). Within 6 months from major 
hepatic resection liver mass approaches 80–90% of its 
original volume (Needham et al. 2008). This regenera-
tive process is limited in patients with liver cirrhosis 
and decreased functional hepatic reserve. Thus, in 
cases of preexisting liver disease, especially cirrhosis, 
preoperative tests measuring hepatic reserve (i.e., 
Indocyanine Green – ICG – clearance) or remnant liver 
volume radiographic measurements may be helpful in 
choosing an operative strategy.

Tumor resectability obviously depends on surgical 
expertise. For example, some extensive tumors involv-
ing both liver lobes can be radically resected by 
extended hemihepatectomy (trisegmentectomy) pro-
vided one lateral hepatic section remains disease-free 
(Figs. 10.6a, b and 10.7). Even tumor encasement or 
invasion of the retrohepatic inferior vena cava does not 
preclude a radical excision since the IVC can be 
resected en bloc and replaced by either a prosthetic 
graft (i.e., Gore-Tex) or a venous autograft (using 

internal jugular or external iliac vein) (Fig. 10.8) (Fuchs 
et al. 2002; Hemming et al. 2004). In case of limited 
involvement, a portion of the IVC wall can be excised 
and patched using autologous pericardium or Gore-Tex 
(Fuchs et al. 2002; Hemming et al. 2004). Also, when 
all three hepatic veins are involved, one of them may 
be reconstructed with a prosthesis or vascular autograft 
(i.e., portion of resected portal vein) or even sutured 
and anastomosed directly to the IVC, if feasible (Fuchs 
et al. 2002; Hemming et al. 2002). Alternatively, in 
selected cases of centrally located tumors, atypical 
liver resection with removal of all three hepatic veins 
leaving the liver remnant dependant on the direct 
venous drainage to the IVC by accessory retrohepatic 
veins, as described by Superina, can be used (Fig. 10.9) 
(Superina et al. 2000). In case of predicted insufficient 
liver remnant volume, it is possible to apply preopera-
tive portal vein branch embolization, which will lead to 
hypertrophy of the remaining segments by approxi-
mately 25% (Hemming et al. 2004).

However, these “difficult” liver resections, especially 
those involving vascular reconstructive procedures, 
have become controversial. Relatively recent world-
wide survey has shown excellent results of primary 
orthotopic liver transplantation (OLT) for hepatoblas-
toma on the contrary to secondary rescue OLT attempts 
(Otte et al. 2004). Thus, it has been concluded that very 
difficult liver resections, which carry a high risk of leav-
ing residual tumor, should be avoided in favor of pri-
mary OLT. Liver transplantation in hepatoblastoma is 
associated with very good long-term survival in the 
range of 80% (Otte et al. 2004). It is clearly indicated in 
tumors unresectable by conventional means, predomi-
nantly PRETEXT IV tumors. This is supported by 

Fig. 10.6 Schematic drawing of the extended right and left hemihepatectomy
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anecdotal reports on local relapse after liver resection in 
multiple PRETEXT IV tumors in which satellite tumor 
nodules seemed to be cleared with preoperative chemo-
therapy (Dall’Igna et al. 2003).

Liver transplantation has also been advised in 
PRETEXT III tumors located centrally in close proximity 
to major vascular structures. This issue is somewhat more 
debatable considering the good outcome for patients with 
microscopic residuum and difficulties associated with 
transplant surgery, that is, lack of donors (partly allevi-
ated by living-related OLTs) and the need for life-long 
immunosuppression. Further studies are warranted taking 
into account concerns associated with potentially higher 
risk of tumor recurrence after OLT, especially in cases 
with initial pulmonary metastases. These doubts will pos-
sibly will be alleviated after completion of the PLUTO 
project (Pediatric Liver Unresectable Tumors Observatory) 
(Kalicinski & Otte 2009).

Difficult liver resections associated with a high 
chance for tumor residuum should clearly be avoided 
in localized pediatric HCC. It has been well known 
for many years that transplantation in adult patients 
with HCC fulfilling the so-called Conventional Milan 
Criteria - CMC (less than three tumors, less than 5 cm 
diameter of the single tumor, less than 3 cm of the larg-
est diameter in case of multiple tumors) is associated 
with good prognosis with 70% chance for long-term 
survival (Mazzafero et al. 2008). However, it seems 
that these criteria are not necessarily ideally suited to 
children and that they can be safely ignored, at least 
in some pediatric patients. In the SIOPEL 5 study, 
designed specifically for pediatric HCC, in transplanta-
tion guidelines, there was no upper limit for the lesion 
size and the number of multiple tumors allowed was 
increased to 5. In the recent paper of Ismail et al., it was 

Fig. 10.7 Extended left hemihepatectomy with segments 6 and 
7 left. The only remaining right hepatic vein has been peeled off 
the tumor and is visible at the resection margin. In this case liver 
transplantation was contraindicated due to HCC histology  
and presence of pulmonary metastases (Courtesy of Piotr 
Czauderna)

Fig. 10.8 Liver resection with inferior vena cava removal and 
its replacement with Gore-Tex prosthesis (Courtesy of Piotr 
Czauderna)

a b

Fig. 10.9 Central atypical 
hepatectomy based on the 
direct retrohepatic venous 
drainage as described by 
Superina (a) Tumor 
involving all 3 hepatic veins 
schematically represented; 
(b) Postoperative drawing 
showing liver remnant based 
on retrohepatic veins
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shown that HCC patients with transplantation (even 
though 8/11 did not fulfill CMC) had better outcome 
than resected ones with: 72% versus 30% long-term 
disease-free survival (Ismail et al. 2009). Moreover, 
in view of the above findings, it was postulated that in 
pediatric HCC cases, in which extended lobar resec-
tion is required, OLT might be a better option and that 
resection should be limited to patients in whom wide 
tumor-free margin can be achieved by standard hemi-
hepatectomy. Of course presence of metastases and 
extrahepatic disease are absolute contraindications to 
OLT. Since numbers in this study are relatively small 
and originate from a single center only, it is difficult to 
consider the above suggestions as definite guidelines; 
however, they merit attention and require future confir-
mation in major multicenter studies.

In the past, only about 30–40% of liver tumors were 
resectable but with the above described progress, includ-
ing introduction of preoperative chemotherapy and liver 
transplantation, current resection rates for standard risk 
hepatoblastoma are well above 90% (i.e., 97% in 
SIOPEL 2 study), while for high risk tumors they are in 
the range of 60–70% (i.e., 67% in SIOPEL 2 study) 
(Finegold 2002; Czauderna et al. 2006a; Finegold et al. 
2008; Brown et al. 2000; Perilongo et al. 2000; Czauderna 
et al. 2001; Horton et al. 2009). Moreover, SIOPEL stud-
ies have shown that 25% of initially inoperable tumors 
can be converted into being resectable by conventional 
means (Czauderna et al. 2005). In selected cases, when 
liver transplantation is not available, intrahepatic 
chemoembolization may render the tumor resectable, 
when systemic chemotherapy fails to do so (Fig. 10.10) 
(Czauderna et al. 2006b; Arcement et al. 2000).

10.3.2  Technical Aspects

As already mentioned, because of the rarity of pediatric 
liver tumors, surgery should be performed in specialist 
centers that are appropriately experienced and equipped, 
e.g. ultrasonic CUSA-type dissector, Ligasure (Covidien) 
or water-knife {Hydro-jet, ERBE}, infrared beamer or 
argon coagulator, intraoperative ultrasonography. Water-
knife seems to have a potential advantage of being quicker 
than other devices, as well as being associated with much 
smaller blood loss (half of that in case of CUSA use) and 
shorter time of Pringle maneuver application (Fig. 10.11) 
(Rau et al. 2008). Availability of appropriate postoperative 

care facilities and experienced anesthesiologists is also 
essential. Even when all these conditions are met, exten-
sive personal experience of hepatic surgery remains 
important. Patient’s cardiac function should be assessed 
preoperatively by echocardiography to avoid any unex-
pected cardiac complications during and after surgery.

As there are several techniques applied in hepatic 
resections, it is very difficult to give detailed surgical 
guidelines in this field.

Intraoperative ultrasonography may be of signifi-
cant help in performing liver resection, especially in 
extensive tumors, that is, multifocal hepatoblastomas 

Fig. 10.10 Radiographic picture of hepatic tumor transarterial 
chemoembolization (TACE). Calcifications from previous TACE 
procedures are visible within the tumor

Fig. 10.11 Use of water-knife for parenchymal cleavage 
(Courtesy of Piotr Czauderna)
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or tumors located in close proximity to essential vascu-
lar structures (Thomas et al. 1989). It is also very help-
ful and sometimes even essential, when segmental 
liver resection is planned.

The first phase of operation is mobilization of the 
liver from its ligaments and other attachments, which 
is crucial. Meticulous dissection and control of all 
vascular structures above and below the liver, includ-
ing the porta hepatis, as well as liver cleavage using 
anatomical planes are crucial to assure successful 
tumor resection and to minimize the chance for com-
plications by providing adequate blood supply and 
bile drainage for the liver remnant (Fig. 10.12). 
Usually porta hepatis structures are dissected and 
divided first, which is followed by the dissection, 
division, and closure of one or two hepatic veins 
depending on to the extent of resection (Fig. 10.13). 
This can be done also during parenchymal phase of 
dissection according to local preference and tumor 
anatomy. Finally, the liver is divided along the line of 
ischemia which by that time should be clearly seen 
(Fig. 10.14).

Whatever technique of liver resection is applied, 
an important goal is to minimize blood loss and 
amount of intra-/postoperative transfusions since it 
is a known factor associated with HCC recurrence, at 
least in adults (Katz et al. 2009; Huang et al. 2009). 
Blood loss during the phase of parenchymal resec-
tion can be also minimized by the maintenance of a 
low central venous pressure (in general below 5 cm 
of water) and by the use of the Pringle maneuver 

(compression of the hepato-duodenal ligament) 
(Hemming et al. 2002; Rau et al. 2008). The latter 
can be applied safely up to 30–45 min except in 
small infants in whom severe bowel congestion may 
be hazardous (Hemming et al. 2004; Liu et al. 2003). 
However, in many cases, it is possible to perform the 
resection without occluding the blood flow, which 
helps preserve an optimal postoperative liver func-
tion (von Schweinitz 2006). For the parenchymal 
phase of resection several methods can be used, that 
is, ultrasonic aspirator, water knife, finger- or mos-
quito clamp-fracture technique.

Various techniques of local hemostasis can be 
implied, which include the Ligasure, harmonic scalpel, 

Fig. 10.12 Suprahepatic vena cava encircled by the blue vessel 
loop, tip of forceps indicates the fissure between left and right 
hepatic veins (Courtesy of Piotr Czauderna)

Fig. 10.13 Left and middle hepatic veins being clamped imme-
diately before their suture closure. IVC is seen below (above the 
blue vessel loop). No clamp placed on hepatic veins distally due 
to tumor proximity – Pringle maneuver was used to prevent 
bleeding (Courtesy of Piotr Czauderna)

Fig. 10.14 Right hemihepatectomy – line of parenchymal isch-
emia is clearly seen (Courtesy of Piotr Czauderna)



12310 Surgical Treatment

vascular clips, bipolar coagulation, argon beamer, 
infrared coagulation, and local application of thrombo-
static materials, that is, Tachosil (Nycomed) or bio-
logical sealants, that is, Tissucol or Bioglue (Figs. 10.15 
and 10.16). Reduction of central venous pressure dur-
ing the operation may also decrease blood loss (Tannuri 
et al. 2009).

Sampling of lymph nodes from the hepato- 
duodenal ligament should be performed in every 
case as their involvement has a significant impact 
on prognosis. Extensive lymphadenectomy of the 
hepatic pedicle is recommended in HCC cases. All 
extrahepatic intra-abdominal lesions should be 
biopsied or excised completely, when applicable 
and feasible.

10.3.2.1  Typical Liver Resections

In most cases of standard risk hepatoblastoma, a typi-
cal hemihepatectomy is sufficient (Fig. 10.17a and b). 
Left lateral segmentectomy (excising segments 2 and 3) 
is rarely used; for example, it was performed only in 
5 out of 115 SIOPEL 1 patients (Fig. 10.18) (Schnater 
et al. 2002). Larger and/or multifocal tumors limited 
to three hepatic sections may require an extended 
hepatectomy (trisegmentectomy or trisectionec-
tomy) (Figs. 10.6a, b, 10.7, 10.19 and 10.20). Indeed, 
the percentage of extended resections may reach 
40% of resected cases in major multicenter series 
(Fuchs et al. 2002; Schnater et al. 2002). Some small 
tumors can be resected by a segmentectomy or a 
bi-segmentectomy.

Fig. 10.15 Relatively bloodless liver resection margin (Courtesy 
of Piotr Czauderna)

Fig. 10.16 Application of Tachosil to the resection margin 
(Courtesy of Piotr Czauderna)

Fig. 10.17 Schematic drawing of the standard right (a) and left (b) hemihepatectomy
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10.3.2.2  Atypical Liver Resections

In cases of HCC, in common with hepatoblastoma, 
atypical liver resection techniques should be avoided 
since they are associated with higher rate of incom-
plete tumor removal and increased rate of postopera-
tive complications. In two consecutive German 
Cooperative Liver Tumor studies HB89 and HB94, 
out of the total 129 liver resections, 36 were atypical 
and they resulted in 38% of tumor residuum cases in 
comparison with only 18% in typical liver resections. 
This difference was statistically significant (Fuchs 
et al. 2002). It may be partly explained by the dissemi-
nation of tumor cells in the liver due to the blood sup-
ply pattern after atypical resections and presence of 

microscopic vascular invasion. Another possibility is 
that hepatocyte growth factor can stimulate liver 
regeneration and tumor cell proliferation. Standard 
partial hepatectomy is thus the best surgical practice. 
Atypical liver resections are justified in very selected 
cases only, mainly of multifocal tumors, when liver 
transplantation is not an option.

10.3.2.3  Special Surgical Techniques

When liver transplantation is not available for any 
reason, special techniques of hepatic resection can be 
employed in difficult cases, especially when there is 
a significant vascular involvement and/or infiltration 
of the central bile duct. These include: tumor resec-
tion under hypothermia and extracorporeal circula-
tion, total vascular exclusion of the liver (TVE), as 
well as the central resection (central hepatectomy 
as described by LaQuaglia) preserving more liver 
parenchyma but having the potential disadvantage of 
leaving two raw hepatic surfaces (Fig. 10.21) (Fuchs 
et al. 2002; Liu et al. 2003; La Quaglia et al. 2002). 
Another surgical technique is the caudate lobe resec-
tion (this tumor location is usually associated with 
significant intraoperative difficulties) (Koga et al. 
2009). Although tumors involve the caudate lobe in 
children very rarely, its surgical removal tends to be 
risky because of its anatomy and direct blood out-
flow to the IVC through very short veins. In general, 

Fig. 10.18 Schematic representation of the left lateral lobec-
tomy (sectionectomy)

Fig. 10.19 Large tumor of the right lobe and segment 4 requir-
ing extended right hemihepatectomy (Courtesy of Piotr 
Czauderna)

Fig. 10.20 Porta hepatis dissection (to the right of umbilical 
fissure) during the right extended hemihepatectomy: gallblad-
der, tumor, and umbilical fissure are clearly seen (Courtesy of 
Piotr Czauderna)
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caudate lobectomy alone may be performed in tumors 
localized in the left caudate lobe and/or the caudate 
process (Koga et al. 2009). Tumors involving the 
entire caudate lobe or located in its paracaval portion 
require left or right lobectomy. The site of lobectomy 
is determined by the cranial tumor extent and the 
origin of its feeding vessels (Koga et al. 2009). Total 
hepatic vascular exclusion with simultaneous clamping 
of supra- and infrahepatic IVC, as well as hepato-duo-
denal ligament, may be particularly useful in cases of 
IVC wall involvement and the subsequent need for its 
reconstruction. It has been proven that warm ischemic 
time can safely be kept as long as 45 min (Liu et al. 
2003; Zografos et al. 1999; Delva et al. 1989). Some of  
the above techniques require significant surgical 
expertise.

In cases of portal vein thrombus, which is particu-
larly common in HCC, portal thrombectomy under 
conditions of portal clamping may be performed 
(Aldrighetti et al. 2009). These techniques allow dis-
section of the tumor from the vessel or with a portion 
of the vascular wall and its subsequent reconstruction 
using an autologous venous graft, a strip of perito-
neum, or prosthetic patch in a relatively bloodless field. 
Pediatric experience with these techniques is some-
what limited.

Another possibility available in transplant centers is 
to resect the tumor with transplantation back-up, in 
which case the liver can be fully mobilized and dis-
sected beyond a “point of no return” or ex-vivo tumor 
resection with subsequent liver autotransplantation, 
albeit the latter technique is rarely used nowadays 
(Hemming et al. 2002; Okajima et al. 2009; Millar 
et al. 2001).

Recently, laparoscopic techniques have been 
applied to liver tumors, mainly in adult HCC, as 
well as in benign pediatric tumors (Dagher et al. 
2008; Dutta et al. 2007; Yoon et al. 2006; Han et al. 
2009). For a long time, gas embolism risk and diffi-
culty in controlling bleeding were the main obsta-
cles for laparoscopic liver surgery (Han et al. 2009). 
In most situations, the indications for laparoscopy 
are limited to anteriorly located, easily accessible 
tumors occupying mainly segments II, III, V, VI, 
and partly IV (Han et al. 2009). Also the feasible 
tumor upper size is considered to be limited to 5 cm 
in most cases, while pediatric tumors frequently 
tend to be bigger. The easiest laparoscopic 
approach is left lateral sectionectomy (Fig. 10.18), 

which was actually the first pediatric laparoscopic 
liver resection ever made (Yoon et al. 2006). 
Laparoscopic techniques require, however, not only 
access to specialized and costly equipment, for 
example, laparoscopic ultrasonography, laparo-
scopic Hydro-Jet and argon beam applicators, har-
monic scalpel, or Ligasure, but also vast expertise in 
minimally invasive surgery.

10.3.3  Tumor Residuum

Incomplete liver tumor resection is usually associated 
with worse outcome; thus whenever there is any doubt 
and particularly, when macroscopic residual tumor is 
found, the surgeon should definitely explore the 
 possibility of immediate re-resection of the margin – 
taking an “extra slice” of liver (Fig. 10.22a–c).

Even though complete tumor resection should be 
aimed for at every surgical attempt in case of liver 
tumor, postoperative microscopic tumor residuum 
does not seem to confer a worse prognosis for patients 
with hepatoblastoma after effective chemotherapy. In 
the SIOPEL 1 trial only 2 of 16 patients (13%), who 
died, had microscopic residuum after surgery, while 
in the SIOPEL 2 study microscopic residual disease 
was found in 13 SR patients and all of them became 
long-term survivors (Schnater et al. 2002; Perilongo 
et al. 2004). Interestingly, eight of them did not 
receive any additional treatment other than standard 
two postoperative cisplatin (CDDP) courses, as pre-
scribed by the protocol, and one was only observed. 

Fig. 10.21 Schematic drawing of the central hepatic resection
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In the SIOPEL 3 standard risk arm only 2 out of 28 
patients with microscopical residual experienced an 
event and actually 1 of them had initial intraperito-
neal tumor spillage (Perilongo et al. 2009). This 
unexpected finding may be a result of the fact that the 
resection margin is vacuumed and thus practically 
ablated in many patients due to the frequent use of 
CUSA in hepatic resections and/or the residuum cells 
may not be viable due to the use of preoperative 
chemotherapy.

Nevertheless, radical tumor excision should always 
be recommended, especially for HCC and other malig-
nant tumors with poor susceptibility to chemotherapy 
or radiation.

10.3.4  Complications and Their 
Management

Postoperative complications are relatively frequent in 
hepatic surgery reaching as many as 15–30% of cases 
(Pham et al. 2007; Pritchard et al. 2000; Tannuri et al. 
2009; Towu et al. 2004). Most frequent intra- and 
postoperative complications in hepatic surgery 
include: infection, intraoperative bleeding, intraopera-
tive tumor rupture, cardiac arrest, air embolism, post-
operative bile leak or delayed bleeding, transitory 
hypoglycemia, and finally, bowel obstruction due to 
adhesions formation (Towu et al. 2004).

10.3.4.1  Bleeding

In SIOPEL 1 study, there were 3 cases of postoperative 
bleeding among 115 resected cases (Pritchard et al. 
2000; Figs. 10.22 and 10.23). Unrecognized anoma-
lous origin of the accessory left or right hepatic artery 
may contribute to the occurrence of bleeding. In 
selected cases of severe bleeding, which is the most 
common intraoperative complication, intravenous 
recombinant factor VII (Novoseven, NovoNordisk) 
may be of significant benefit despite its high cost. Use 
of Pringle maneuver in the parenchymal phase of the 
dissection may also decrease amount of bleeding. 
Other techniques like extracorporeal blood circulation, 
maintaining low central venous pressure and hypo-
thermia can be used in selected cases, too (Fuchs et al. 
2002; Ein et al. 1981).

10.3.4.2  Bile Leak and Stricture

Persistent bile leak is one of the most frequent compli-
cations in liver surgery occurring in 2–12% of cases and 
its frequency has not decreased over the years (Vigano 
et al. 2008; Reed et al. 2002). If it does not resolve in 
over a week or so, it may require diagnostic hepatic 
scintigraphy and/or endoscopic retrograde cholang-
iopancreatography (ERCP) or Cholangio-MRI (MRCP) 
in order to identify the leak source, which is usually at 
the resected liver surface (Fig. 10.23). Sometimes it can 
result from unrecognized biliary anatomy anomalies or 
excessive skeletonizing of main bile ducts during porta 
hepatis dissection. In order to prevent this, some advo-
cate biliary duct ligation at the level hilar plate during 
the parenchymal phase of resection, thus avoiding any 
dissection of the extrahepatic biliary tree (Tannuri et al. 
2009). In most cases, biliary leak can be managed con-
servatively with the prolonged external drainage and 
sometimes with additional endoscopic sphincterotomy 
and internal biliary stenting (Reed et al. 2002). However, 
leaks draining above 100 cc/day on the tenth day of bile 
leakage diagnosis are associated with higher chance for 
conservative management failure (Vigano et al. 2008). 
If the leak persists, the Roux-en-Y intestinal loop inter-
nal drainage may be the procedure of choice (Fig. 
10.24). Intraoperative use of normal saline or methyl-
ene blue cholangiography may contribute to the decrease 
in frequency of biliary leaks, although this is not rou-
tinely used in children.

Bile leak resulting from the damage to main biliary 
ducts may lead to the formation of stricture in the process 
of healing. Otherwise biliary stricture may result from 
excessive dissection of bile ducts and their subsequent 
devascularization. This complication seems to be some-
what more common after liver transplantation (reaching 
20–30% of patients) than after standard hepatic resec-
tion; probably due to biliary anastomosis required during 
OLT (Mita et al. 2008). Although in adults retrograde 
endoscopic or antegrade percutaneous transhepatic stric-
ture dilatation may be used, there is little experience with 
this technique in children (Mita et al. 2008). Thus,  
choledocho-jejunostomy or hepatico-jejunostomy seems 
to remain a standard surgical approach.

10.3.4.3  Others

Other complications encountered in liver surgery 
are: adhesion formation with subsequent ileus, 
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postoperative intussusception, wound infection, intra-
abdominal abscess formation. Cardiac arrest may 
result not only from excessive bleeding but also from 
tumor material emboli or air emboli. Air embolism can 
be usually prevented by the use of higher PEEP 
(Positive End-Expiratory Pressure) setting during 
hepatic veins and IVC dissection.

10.4  Surgery for Metastases

10.4.1  Pulmonary Metastases

Aggressive surgery seems to have an important role in 
the resection of pulmonary hepatoblastoma metasta-
ses, either persisting or relapsed ones (Black et al. 
1991; Feusner et al. 1993; Passmore et al. 1995). In the 

SIOPEL 1 study of 22 children, all 4 who had pulmo-
nary metastases at diagnosis and underwent delayed 
metastasectomy, survived even though 2 of them had 
multiple thoracotomies (Schnater et al. 2002). In the 
Japanese JPLT-1 study, distant metastases were 
observed in 20 out of 134 cases: 2 them persisted after 
preoperative chemotherapy and required surgical 
resection (Matsunaga et al. 2003). In the American 
Clinical Oncology Group (COG) INT-0098 study, tho-
racotomy was performed for initial pulmonary metas-
tases in 9 out of 38 children and 8 of them became 
long-term survivors (Meyers et al. 2007).

Optimal timing of pulmonary metastasectomy is still 
debatable – among nine patients reported above two were 
operated before liver resection, fives imultaneously  and 
two afterwards. According to some opinions, however, 
thoracotomy is preferred before OLT or liver resection in 
order to avoid the effects of metastases growth stimula-
tion and tumor cell proliferation triggered by hepatic 

a

c

b

Fig. 10.22 (a) Hepatic resection with doubtful margin. (b) Re-resection specimen. (c) Hepatic margin after re-resection (Courtesy 
of Piotr Czauderna)
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growth factors secreted after major liver surgery (Fuchs 
et al. 2002; von Schweinitz et al. 2000).

Regarding optimal approach to pulmonary metas-
tases this is debatable, too. In any case preoperative 
pulmonary high resolution CT is crucial for adequate 
operation planning, even though, not infrequently, 
the number of intraoperatively identified lesions is 
higher than radiological findings. In the work of 
Fuchs et al., preoperative imaging detected about 
76% of the total number of metastases when 

compared to intraoperative findings (Fuchs et al. 
2008). This was specifically true for lesions smaller 
than 2 mm of diameter. Metastasectomy, when bilat-
eral lung involvement is present, can be performed 
either via sternotomy or simultaneous lateral thora-
cotomies or in staged fashion via posterolateral tho-
ractomies. All methods have their own advantages 
and disadvantages. Sternotomy allows for safe and 
repeated bilateral resection, and it can be even com-
bined with the primary tumor resection; however, 
access to the posterior part of both pulmonary lower 
lobes may be compromised with this technique 
(Fuchs et al. 2008). Necessary luxation of the left 
lower lobe may result in hemodynamic and ventila-
tion problems (Fuchs et al. 2008). As many as 65 
metastases have been removed during single bilateral 
attempts (Fuchs et al. 2008). When the number of 
lung metastatic lesions is small, thoracoscopic metas-
tasectomy or video-assisted approach (VATS) may 
be considered. Usually wedge resection is preferred 
with the use of staplers or manual suturing. However, 
in many cases, metastases, especially when deeply 
seated, can be either enucleated by electrocautery or 
laser with a safe tissue margin. A lobectomy is rarely 
indicated.

10.5  Surgery for Recurrent Disease

Surgery may be applied to treat relapsed patients with 
pulmonary metastases, if numerable and resectable, 
and/or to liver relapse. Actually, the latter one may be 
more difficult or even impossible, especially in the set-
ting of previous extended hepatic resections. In the 
SIOPEL 1 study, two out of five patients who devel-
oped recurrent pulmonary disease underwent multiple 
thoracotomies without any complications (two and 
three respectively) (Schnater et al. 2002). In the same 
study five locally relapsed patients underwent liver sur-
gery, all of them were resected completely at the second 
attempt and two became long-term survivors (Schnater 
et al. 2002). In the COG experience, three out of ten 
patients, who developed pulmonary metastases and 
became long-term survivors, underwent lung surgery 
with multiple thoracotomies in two of them (Feusner 
et al. 1993). In the German Cooperative Pediatric Liver 
Tumor Study HB 94 8 of 14 children (57%) with recur-
rent tumors survived (Katzenstein et al. 2002a). 

Fig. 10.24 Roux-en-Y ileal limb being sutured to the bile leak 
source. Post-resection hepatic surface is visible in the left upper 
corner (Courtesy of Piotr Czauderna)

Fig. 10.23 ERCP visualization of the bile leak in the region of 
the bifurcation of the common hepatic duct probably resulting 
from necrosis of its wall due to ischemia (Courtesy of Piotr 
Czauderna)
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All survivors underwent complete resection of their 
pulmonary metastases or local recurrence. In the 
Japanese JPLT-1 study surgical resection to preserve 
liver function was performed in four recurrent liver 
tumors and all of them were alive with no evidence of 
disease for at least 17 months (Matsunaga et al. 2003). 
Similarly, recent Malogolowkin’s review of doxorubi-
cin treated INT-0098 patients proved that all relapsed or 
progressed and subsequently salvaged patients had their 
tumors surgically resected (Malogolowkin et al. 2008). 
On the other hand, a relatively recent COG INT-0098 
study survey showed that thoracotomy done for tumor 
relapse is associated with a significant recurrence rate: 
out of 13 relapsed patients, who underwent thoraco-
tomy with pulmonary metastasectomy (8) or biopsy 
only (5), only 4 became long-term survivors (Meyers 
et al. 2007). Thus, it can be concluded that in the setting 
of recurrent disease the role of surgery is more contro-
versial, particularly regarding pulmonary metastases, 
although even then it may be the only modality offering 
the chance for cure. In unresectable liver involvement 
percutaneous radiofrequency ablation can be consid-
ered, although pediatric experience with this technique 
is very limited (Ye et al. 2008).
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11.1  Introduction

Although the first long-term survivor of liver transplan-
tation described by Starzl in 1968 was a child with 
 biliary atresia and incidental hepatocellular carcinoma 
(Starzl 1992), it has taken many years for this treatment 
to evolve. Initial long-term results in many adults with 
hepatocellular carcinoma (HCC) were disappointing 
due to the high incidence of tumor recurrence. With this 
early experience and the high rate of post-transplant 
tumor recurrence, in the 1980s and early 1990s trans-
plant was relegated to the role of a salvage therapy; 
something to try after everything else had been tried and 
failed. In the later 1990s, as effective platinum-based 
chemotherapy became common, our experience grew, 
our techniques evolved, and our survival rates improved. 
During the last decade, liver transplantation has 
emerged as a valid therapeutic option in many children 
with unresectable liver tumors. These might be truly 
malignant neoplasms (hepatoblastoma-HB, hepatocel-
lular carcinoma-HCC, and sarcoma); neoplasms with  
intermediate malignant potential (infantile epithelioid 
hemangioendothelioma-IEHE) or benign lesions (dif-
fuse infantile hemangioma with refractory cardiac 
 failure). The experience gained worldwide is the largest 
and most favorable for HB, which has led the liver 
tumor study groups of the Children’s Oncology Group 
(COG), the German Pediatric Oncology Hematology 
Group (GPOH), and the Liver Tumor Strategy Group  
of the International Society of Pediatric Oncology 
(SIOPEL) to propose guidelines, which ennumerate 
current indications and contraindications for transplant 
in children with HB. Recommendations for transplanta-
tion in children with HCC are still evolving as we strug-
gle to modify the adult Milan criteria to better fit the 
unique biology of pediatric HCC. No set standard of 
pediatric HCC transplant criteria have yet received 
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widespread adoption. For other types of malignant or 
benign tumors, the experience is anecdotal. Transplant 
for sarcoma is extremely rare. Transplant for the diffuse 
form of infantile hemangioma is reserved for those 
patients with intractable heart failure in whom medical 
management has failed and lesser surgical interventions 
are not possible.

Nontransplant options for surgical resection in these 
patients are occasionally possible with the advances in 
liver surgery and with techniques such as in-flow occlu-
sion, total vascular exclusion, in situ flush with preser-
vation solution, and complex venous resection and 
reconstruction of the vena cava. As these surgical tech-
niques have evolved, extensive liver resection with vas-
cular reconstruction is sometimes possible in specialized 
liver centers with expertise in complex liver surgery. A 
new term began to appear in the literature describing 
these heroic liver resections as “extreme liver resec-
tion.” These “extreme liver resections” are not neces-
sarily safer than transplantation, but as they push the 
limits of technical feasibility, they make us more clearly 
reflect on the potential risks and benefits of the different 
options (Superina and Bilik 1996). Some centers argue 
that the increase in surgical risk of “extreme resection” 
might occasionally be justified when balanced against 
the alternative of transplantation and lifetime immuno-
suppression. But many questions remain regarding 
hepatic insufficiency, limits on hepatic regeneration in 
children receiving chemotherapy, and the potential for 
increased risk of tumor recurrence, especially in the 
case of multifocal tumors. This chapter will focus on 
the role of transplantation in the treatment of the most 
common pediatric liver tumors. We conclude with a 
plea to all clinicians treating children with potentially 
unresectable liver tumors to contribute to the interna-
tional prospective database, PLUTO (Pediatric Liver 
Unresectable Tumors Observatory). The PLUTO regis-
try will collect comprehensive data that should help 
guide future recommendations for liver transplant in 
children with unresectable liver tumors.

11.2  Hepatoblastoma

Cases of “unresectable” hepatoblastoma (HB) due to 
involvement of the entire liver, extensive multifocality, 
or major hepatic venous or portal venous involvement 
still comprise 10–20% of all HB treated in multicenter 

cooperative group trials (Ortega et al. 2000; Malogolowkin 
et al. 2006; Fuchs et al. 2002; Von Schweinitz and 
Haberle 2007; Perilongo et al. 2004; Perilongo and Otte 
2009; Sasaki et al. 2002). HB is a rare tumor, which nev-
ertheless accounts for 75% of primary malignant liver 
tumors in children. The 5-year survival rate of children 
affected by HB and treated with combination cisplatin-
based chemotherapy and complete surgical resection is 
now in the range of 80–90%, which represents at least a 
doubling of the survival rate reported in the early 1980s 
(Ortega et al. 2000; Evans et al. 1982; Plaschkes et al. 
1994). Despite these exciting results, epidemiologists 
estimate the 5-year disease-free survival in the USA to 
be no higher than 50% suggesting that many children 
outside of these trials may not be receiving optimal con-
temporary care (Darbari et al. 2003). Guidelines set forth 
in the contemporary studies of both COG and SIOPEL 
are based upon PRETEXT (Pretreatment Extent of dis-
ease). For example, those tumors that are recommended 
for early review by a transplant center in the COG 
AHEP0731 trial are shown in Fig. 11.1.

11.2.1  PRETEXT and Liver 
Transplantation for HB in SIOPEL

The PRETEXT system (Pretreatment Extent of 
 disease), originally developed by the Liver Tumor 
Strategy Group of the International Society of Pediatric 
Oncology (SIOPEL) (Brown et al. 2000; Aronson 
et al. 2005), has been used by SIOPEL for many years 
as a tool for risk stratification. Starting with SIOPEL 2 
PRETEXT I, II, and III tumors have been treated as 
“standard risk” (SR), and PRETEXT IV, +M (meta-
static), and those with AFP <100 have been treated as 
“High Risk” (HR). The recommendations for liver 
transplant used in the recent study, SIOPEL 3 were as 
follows: “The commonest reasons for a tumor being 
deemed “unresectable” (except via total hepatectomy) 
are: (a) tumor clearly involving all four sections of the 
liver as judged by MRI scan +/−angiography; or (b) 
location so close to the main vessels at the hilum of the 
liver and/or to the hepatic veins that it is unlikely that 
a tumor-free excision plane will be achieved. These 
patients should be identified at diagnosis and their 
clinical course and imaging followed closely through-
out their initial chemotherapy, in conjunction with a 
liver transplant surgeon.”
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In SIOPEL study-1, 12 patients underwent a liver 
transplantation as the primary surgical option in 7 and 
as a rescue in 5. The long-term (>10 years) disease-
free survival was 85% and 40%, respectively. All eight 
patients with PRETEXT IV tumors and all six patients 
with multifocal HB were cured of their disease. Of the 
seven patients with macroscopic extension into the 
portal vein and/or the hepatic veins/vena cava, 71% 
became long-term, disease-free survivors, as well as 
four of five (80%) children who had lung metastases at 
presentation with complete clearance of lung lesions 
after chemotherapy (Otte et al. 2004). In SIOPEL 3 35 
high-risk patients underwent a liver transplant; 33 as 
the primary surgical option and 2 as a “rescue” trans-
plant. Of the 33 patients who underwent primary trans-
plantation, 10 had tumor relapse (31%), 8 died of 
tumor relapse (24%), and early overall survival was 

75%. Of the six patients with metastatic disease at 
diagnosis who underwent primary transplant, three of 
six (50%) had a tumor relapse. Although the results of 
the high risk (HR) arm of SIOPEL 3 have not yet been 
published as a manuscript, the data from SIOPEL 3 
are preliminary data reported at the SIOP meeting in 
Sao Paulo Brazil 2009 (Casanova et al. 2009). The 
outcome results for standard and high-risk tumors in 
SIOPEL 1, 2, and 3 are shown in Table 11.1. The com-
parative results shown in Table 11.1 (Perilongo et al. 
2004; Brown et al. 2000; Casanova et al. 2009; 
Pritchard et al. 2000; Perilongo et al. 2009) reveal an 
increase in HR outcome in SIOPEL 3 when compared 
to SIOPEL 1 and 2 and one reason for this improved 
outcome is hypothesized to be the more timely and 
prudent use of primary liver transplant for unresect-
able tumors over the years.

Biopsy and Refer to liver specialty
group at diagnosis or during first
two cycles of pre-op chemotherapy

Tumors expected to require liver
transplantation or complex liver
resection:

- multifocal PRETEXT III 

- PRETEXT III  +V, +P

- any PRETEXT IV

Consultation with liver program to
complete transplant evaluation and
listing with goal of complex resection or
transplant within 4 weeks of completing
four cycles of protocol pre-operative
chemotherapy

Fig. 11.1 COG AHEP 0731 Surgical resection guidelines (Katzenstein 2009)
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11.2.2  Outcomes of Transplantation  
for HB Reported in Literature

Table 11.2 (Penn 1991; Koneru et al. 1991; Tagge et al. 
1992; Douglass et al. 1993; Pichlmayr et al. 1994; 
Stringer et al. 1995; Ehrlich et al. 1997; Achilleos et al. 
1996; Al-Qabandi et al. 1999; Reyes et al. 2000; 
Pimpalwar et al. 2002; Molmenti et al. 2002; Srinivasan 
et al. 2002; Chardot et al. 2002; Cillo et al. 2003; Tiao 
et al. 2005; Mejia et al. 2005; Kasahara et al. 2005; 
Chen et al. 2006; Avila et al. 2007; Austin et al. 2006; 
Cassas-Medley et al. 2007; Beaunoyer et al. 2007; 
Faraj et al. 2008; Browne et al. 2008; Kalicinski et al. 
2008; Geller et al. 2010) is a compilation of the major 
published results for liver transplant for HB over the 
past 20 years. An extensive review of the world experi-
ence collected 147 cases of liver transplantation for HB 
(Otte et al. 2004). Twenty-eight (19% of the total) 
patients presented with macroscopic venous extension 
and 12 (8%) with lung metastases. A total of 106 
patients (72%) underwent a primary transplant and 41 
(28%) received a rescue transplant, either for incom-
plete resection with partial hepatectomy or for tumor 
relapse after previous partial hepatectomy. Median fol-
low-up since diagnosis for surviving patients was 38 

months (range 1–121 months). Overall disease-free 
survival at 6 years post-transplant was 82% and 30% 
for primary transplants and for rescue transplants, 
respectively. It was 82% and 71% after living-related 
donor liver transplantation (n = 28) and postmortem 
liver transplantation (n = 119), respectively. Multivariate 
statistical analysis showed no difference in regard to 
gender, age, and lung metastases at presentation or type 
of transplant. For primary transplants, the only param-
eter significantly related to overall survival was macro-
scopic venous invasion (P = 0.045).

The UNOS experience with liver transplantation 
for HB from 1987 to 2005 was recently reviewed by 
Rodriguez et al. and is not included in Table 11.1 as it 
is pending publication [Rodriguez, personal commu-
nication]. This review included 180 children; 140 
patients (78%) underwent transplantation during the 
last decade. At a median patient follow-up interval of 
24 months, 1-year, 3-year, and 5-year patient and 
allograft survival rates were 80%, 72%, and 69%, and 
71%, 63%, and 61%, respectively. Three-year patient 
survival rates for deceased donation whole (63.3%), 
deceased donation segmental (21.8%), and living 
donor (14.7%) allograft groups were 67.4%, 67.1%, 
and 84.6%, respectively (p = 0.22). Multivariate 

Table 11.1 Summary results of Liver Tumor Strategy Group of the International Society of Pediatric Oncology (SIOPEL) HB 
cooperative trials

Study Chemotherapy Number of patients Outcomes

SIOPEL 1
(Perilongo et al. 2004;  
Brown et al. 2000;  
Pritchard et al. 2000)

All Patients: PLADO
SR: 70%
HR: 30%

N = 154 at dx (128 surg 
resection)
PRETEXT: I = 8; II = 57;  
III = 46; IV = 6; ? = 3
Mets: 31
Liver Transplant =12  
(8% of total)

5-year EFS:
I: 100%
II: 83%
III: 56%
IV: 46%
Mets: 28%

SIOPEL 2
(Perilongo et al. 2004)

SR: PLADO
HR:CDDP/CARBO/DOXO

N = 135 (77 SR; 58HR)
PRETEXT: I = 15; II = 63; 
III = 37; IV = 21; Mets: 25
Liver Transplant = 7  
(5% of total)

3-year EFS/OS:
SR: 73%/91%
HR: - / 53%
HR Mets: 36%/44%

SIOPEL 3
(Zsiros et al. 2010;  
Perilongo et al. 2009)

SR: CDDP vs PLADO
HR: SUPERPLADO

SR = 255 PRETEXT 
I = 18;II = 133; III = 104
HR = 151; PRETEXT IV =  
74; +VPE = 70; mets = 70; 
AFP < 100 = 12
Liver Transplant = 35  
(9% of total)

3-year EFS/OS:
SR: CDDP 83%/95%; 
PLADO 85%/93%
HR: overall 65%/69%
HR mets: 57%/63%

Abbreviations: C5V, cisplatin, fluorouracil and vincristine; CDDP: cisplatin; DOXO: doxorubicin; IFOS: ifosfamide; VP: etoposide; 
CARBO: carboplatin; IPA: Ifosfamide, cisplatin, adriamycin; SR: standard risk; HR; high risk; PRETEXT: Pretreatment extent of 
disease staging system; +VPE Mets: metastatic disease; SUPERPLADO: CDDP/CARBO/DOXO; EFS: event-free survival; OS: 
overall survival.
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# Patients % Survival Follow-up(years)

Penn et al. (1991), Surgery, multiinsitution 18 50%

Koneru et al. (1991), Ann Surg, multiinstitution 12 50% 2–6

Tagge et al. (1992), J Pediar Surg, Pittsburg, PA 6 83% 0.5–2

Douglass et al. (1993), Clin Oncol, POG multiinstitution 3 66% 2

Pilchmayer et al. (1994), Hepatology, 1 100% 11

Stringer et al. (1995), Br J Surg, Leeds UK 1 100% 1.3

Superina et al. (1996), J Pediatr Surg, Toronto, ONT 3 66% 1–5

Erlich et al. (1997), J Pediatr Surg, Toronto, ONT 2 100% 3.5

Achilleos et al. (1996), J Pediatr Surg, Birmingham, UK 2 50% 2–3

Al-Qabandi et al. (1999), J Pediatr Surg, Birmingham, UK

Reyes et al. (2000), J Pediatr, Pittsburgh, PA 12 83% 0.1–15.4

Pimpalwar et al. (2002), J Pediatr Surg, Birmingham, UK 12 83% 0.1–9.2

Molmlenti et al. (2002), Am J Transplant, Dallas, TX 9 55% 0.5–16

Srinivasan et al. (2002), Transplantation, London, UK 13 85% 0.1-9

Chardot et al. (2002), Transplantation, Paris/Brussels 4 75% 1.1–2

Cillo et al. (2003), Transplant Proc, Padua, IT 7 57% 0.2–9

Otte et al. (2004), Ped Bld Cancer,

SIOPEL 1 + “World Experience”

Primary Transplant 106 82%

“Rescue” Transplant 41 30%

Tiao et al. (2005), J Pediatr, Cinncinati, OH 9 80%

Mejia et al. (2005), Clin Transplant, San Antonio, TX 10 70% 3.7–18

Kasahara et al. (2005), Am J Transplantation, Kyoto, JP 14 71% 3.5+/-?

Chen et al. (2006), J Ped Gastro Nutr, St Louis, MO 7 85% 0.6–18

Avila et al. (2006), Eur J Ped Surg, Madrid, SP 11 82% 1–14

Austin et al. (2006), J Pediatr Surg, UNOS database 135 69%

Cassas-Medley et al. (2007), J Pediatr Surg, Dupont, DE 8 75% 0.6–4.4

Beaunoyer et al. (2007), Pediatr Transplant, Stanford CA 15 86% 3.3+/-3.5

Faraj et al. (2008), Liver Transplant, London UK 25 78% 0.9–14.9

Browne et al. (2008), J Pediatr Surg, Chicago, IL 14 71% 3.8 +/-?

Kalicinski et al. (2008), Ann Transplantation, Warsaw ,Poland 6 66%

Nathan et al, presented APSA 2009, Cinncinati, OH 16 100%

Table 11.2 Literature, transplant for HB in children

analysis identified ABO match and serum creatinine 
level (reflecting the global pretransplant medical con-
dition) as the only independent prognostic variables. 
With regard to allograft type, a trend toward improved 

survival in the subset of patients receiving a living 
donor allograft was observed. However, the trend 
toward improved observed outcomes may, in part, be 
due to recipient selection for living donation.
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Reyes et al. reported 12 children with unresectable 
HB who underwent transplantation in Pittsburgh 
between May 1989 and December 1998. Post-
transplantation survival rates for 1-year, 3-year, and 
5-year were 92%, 92%, and 83%, respectively. 
Intravenous invasion, positive hilar lymph nodes, and 
contiguous spread did not have a significant adverse 
effect on outcome; distant metastasis was responsible 
for two deaths (Reyes et al. 2000).

Among 52 children (<15 years) treated (1978–2003) 
at Cliniques Saint-Luc, Brussels, a partial hepatectomy 
was performed in 39 patients and a transplant in 13 
patients. All patients, including transplant ones, were 
treated with chemotherapy, according to the successive 
SIOPEL protocols. Overall, disease-free survival was 
80% and 89%, respectively (ns). Relapse rate was 23% 
and 7.6%, respectively (Otte et al. 2005).

In Birmingham, UK, of 34 children with HB treated 
over a period of 10 years (1991–2000), 12 patients 
underwent primary liver transplant because the tumor 
remained unresectable after chemotherapy and 2 
patients received a rescue transplant for recurrence 
after a partial hepatectomy. Disease-free survival rates 
were 100% after primary transplant and 50% in 
patients with rescue transplant. The authors concluded 
that transplantation is a potentially curative option for 
unresectable HB when chemosensitive (decrease in 
alpha-fetoprotein and decrease in tumor size) while 
patients with recurrent or resistant disease are not 
good candidates (Pimpalwar et al. 2002).

At King’s College Hospital, London, UK, orthoto-
pic liver transplantation was performed in 25 chil-
dren, who were assessed with unresectable HB. 
Fifteen patients were at level IV in the pretreatment 
extent of disease staging system (PRETEXT IV) and 
10 were level III (PRETEXT III). Preoperative 
 chemotherapy was given according to the risk strati-
fication system for children with HB protocols of the 
International Liver Tumor Strategy Group of the 
International Society of Pediatric Oncology 
(SIOPEL). Eighteen received cadaveric grafts and 
seven underwent living-related liver transplantation 
(LRLT). Patient and graft survival after cadaveric 
transplantation was 91%, 77.6%, and 77.6% at 1, 5, 
and 10 years, respectively. Patient and graft survival 
for children undergoing LRLT was 100%, 83.3%, 
and 83.3%, at 1, 5, and 10 years, respectively. All 
surviving children but one remain disease-free, with 
a median follow-up of 6.8 years (range: 0.9–14.9). 

There were five deaths at a median of 13 months 
post-transplantation, secondary to tumor recurrence 
in four patients and respiratory failure in one patient 
(Faraj et al. 2008).

The Dallas group reported about nine recipients 
with a diagnosis of unresectable HB who received a 
transplant. There was one recurrence. Disease-free 
survival was 66% (median follow-up: 7.7 years). All 
recipients received preoperative chemotherapy: 67% 
received postoperative chemotherapy. The only 
instance in which AFP levels did not decrease to low 
or undetectable levels post-transplantation was in the 
patient with recurrent tumor (Molmenti et al. 2002).

Ten cases of unresectable HB who underwent liver 
transplantation (1985–2003) were reported by the 
Omaha group (eight deceased donor grafts, two 
LRLT). Pre-transplant chemotherapy was used in 90% 
of cases. Post-transplant survival ranges from 3.7 
years to 18.6 years. Three patients died of recurrent 
disease at 4, 14, and 38 months. The two LDLT recipi-
ents were able to get pre-transplant chemotherapy 
with a rapid decision toward transplantation; both are 
alive and well at 5.5 and 11 years post-transplant 
(Mejia et al. 2005).

In Kyoto, living donor liver transplantation was 
performed in 14 patients for unresectable HB 
(PRETEXT III:7; PRETEXT IV: 7), as a rescue OLT 
in seven. Actuarial 1- and 5-year patient and graft 
 survival were 78.6% and 65.5%. Four children died 
from tumor recurrence. The poor prognostic factors 
were macroscopic venous invasion and extra hepatic 
involvement with no survivor at 5-year range (Kasahara 
et al. 2005).

11.2.3  Guiding Principles to Consider  
for Transplant in HB

A number of guiding principles should be taken into 
consideration when considering transplantation for HB.

Response to chemotherapy: Patients should be 
treated with neoadjuvant chemotherapy, whatever the 
type of resection, before proceeding with surgery, fol-
lowing standardized protocols (Ortega et al. 2000; 
Fuchs et al. 2002; Pritchard et al. 2000; Pimpalwar 
et al. 2002; Molmenti et al. 2002; Faraj et al. 2008; 
Otte and deVille de Goyet 2005). Preoperative  
chemotherapy renders most tumors smaller, better 
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demarcated from the surrounding liver, and more 
likely to be completely resected. The majority of the 
chemotherapy response seems to occur during the 
first two cycles of chemotherapy with a progressive 
plateau in response thereafter (Lovorn et al. in press). 
Lengthy courses of preoperative chemotherapy when 
tumor is unresectable should be avoided due to dimin-
ishing effects on the tumor combined with the sub-
stantial risk of inducing chemotherapy resistance with 
prolonged exposure (Von Schweinitz et al. 1995). 
Although we still lack evidence, post-transplant che-
motherapy should probably be recommended, as long 
as there is a reasonable chance that any microscopic 
residual remains chemosensitive.

AFP < 100 poor prognosis. AFP is a reliable marker 
in most cases presenting with an elevated value and 
response to chemotherapy is impressive, which is of 
good predictive value. On the contrary, low AFP 
(<100) at presentation is a high-risk predictor (DeIoris 
et al. 2008); most likely, transplantation would be best 
avoided in such an occurrence.

PRETEXT to determine potential need for trans-
plant. PRETEXT has been shown to be a useful way to 
help identify patients, both at presentation and after 
chemotherapy, who will need a total hepatectomy and a 

transplant. Identification at presentation allows timely 
referral and complete evaluation by a specialty liver 
center with transplant capability (Aronson et al. 2005; 
Meyers et al. 2009). Early referral of potentially unre-
sectable HB to a surgical team with liver transplant 
capability is advised by all three major liver tumor strat-
egy groups: COG, SIOPEL, and GPOH (Fuchs et al. 
2002; Czauderna et al. 2005; Meyers et al. 2009). A 
simplified version of the transplant referral guidelines 
used in the current COG protocol, AHEP0731, is shown 
in Fig. 11.2.

Multifocal tumors: Multifocality may be a poor 
prognostic factor (Meyers et al. 2009; Dall’Igna et al. 
2003). Most extensive multifocal tumors may have 
occult microscopic satellite lesions and are potentially 
unresectable. Clearance of a lateral section after che-
motherapy is most often apparent; it should not mislead 
the surgeon to perform a partial hepatectomy in truly 
multifocal PRETEXT IV HB (Dantiga et al. 2007).

Metastatic disease: HB spreads by vascular inva-
sion, typically in the lungs. Most centers feel that 
patients presenting with lung metastases should not be 
excluded from OLT if the metastases clear after che-
motherapy, completed by surgical resection of rem-
nants if needed (Otte et al. 2005; Otte and deVille de 

+V

a

b c

Fig. 11.2 Examples of liver tumors referred for possible liver 
transplantation (a) PRETEXT IV multifocal. (b) PRETEXT III, 
+V: Left lateral section, left medial section, and right anterior 

section with invasion into all three hepatic veins (+V). (c) 
PRETEXT IV, +V, +P: Tumor involves all four sections and 
invades vena cava and portal bifurcation
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Goyet 2005; Meyers et al. 2007). Table 11.3 shows a 
meta-analysis of patients with metastatic disease at 
diagnosis who subsequently had OLT presented by 
Fecteau, et al, at the Canadian Consensus Conference 
on the Management of Advanced Pediatric Liver 
Tumors, 2009 (Superina and Bilik 1996; Perilongo 
et al. 2004; Casanova et al. 2009; Al-Qabandi et al. 
1999; Reyes et al. 2000; Avila et al. 2007; Cassas-
Medley et al. 2007; Geller et al. 2010; Schnater et al. 
2002; Fectau 2009; Otte 2009). Overall survival 
appears to be about 60% with no large difference in 
outcome when lung metastasis cleared  completely on 
chemotherapy versus pulmonary metastasectomy. 
Interpretation of this data must be done with some cau-
tion as this is a highly selected group of patients from 
centers who have a strong commitment to transplanta-
tion. Some techniques that have been suggested to 
ensure the clearance of lung metastasis prior to trans-
plantation include the use of irinotecan pre-transplant, 
AFP imaging pre-transplant, PET–CT pre-transplant, 
median sternotomy with manual palpation of both 

lungs pre-transplant, lobectomy rather than metasta-
sectomy if lung has more than four nodules in same 
lobe (Fectau 2009).

Macrovascular invasion: Major venous invasion 
is a common occurrence in extensive HB. Although 
it might negatively impact the prognosis (Otte et al. 
2004; Kasahara et al. 2005), it should not per se con-
traindicate transplantation (Reyes et al. 2000). Tumors 
with persistent major venous invasion after the first two 
cycles of chemotherapy are potentially unresectable. 
The current protocol of the Children’s Oncology Group 
(COG) recommends early collaboration with a specialty 
liver team capable of providing complex resection with 
immediate availability of transplant backup so that all 
plans for definitive surgery are in place by the end of 
the fourth cycle of neoadjuvant chemotherapy.

Living Donor Versus Deceased Allograft: There is a 
trend to a higher disease-free, patient survival of chil-
dren receiving a LRLT (Otte et al. 2004; Mejia et al. 
2005; Faraj et al. 2008). When a living donor is avail-
able, pre-transplant chemotherapy can be scheduled 

 # Patients % Survival Tumor 
recurrence

bSmall 
incidental

cDied  
comp OLT

aOlthoff et al. (1990), Arch Surg, UCLA 16 22% 8/16 - 4/16

aPenn et al. (1991), Surgery, Transplant Registry 429 - 158/429 31/429 -

Tagge et al. (1992), J Pediar Surg, Pittsburgh 9 44% 3/9 - 1/9

Yandza et al. (1993), Transplat Int, Paris 2 100% - - -

Broughan et al. (1994), J Pediatr Surg, multicenter 4 75% 1/4 0 0

Otte et al. (1996), Transplant Proc, Brussels 5 60% 2/5 0 0

Achilleos et al. (1996), J Pediatr Surg, Birmingham 2 0 1/2 1/2 1/2

Superina et al. (1996), J Pediatr Surg, Toronto 3 100% 0 /3 3/3 0

Reyes et al. (2000), J Pediatr, Pittsburgh 19 63% 6/19 7/19 2/12

Tatekawa et al. (2001), J Pediatr Surg, Kyoto 2 100% 0 1/2 0

Czauderna et al. (2002), J Clin Oncol, SIOPEL 1 2 - - 1/2 -

Avila et al. (2006), Eur J Ped Surg, Madrid 1 100% - - -

Austin et al. (2006), J Pediatr Surg, UNOS Database 41 63% 12/41 - -

Beaunoyer et al. (2007), Pediatr Transplant, Stanford 10 83% 1/10 4/10 2/10

Kalicinski et al. (2008), Ann Transplantation, Warsaw 8 75% 1/8 - 1/8

Ismail et al. (2009), Ped Transplantation,Warsaw 11 72% 1/11 3/11 2/11

Table 11.3 Literature, transplant for pediatric hepatocellular carcinoma (HCC)

aDid not separately analyze pediatric cohort
bMost are patients with tyrosinemia, other metabolic liver disease, familial intrahepatic cholestasis, hepatitis, or biliary atresia
cDied due to complications of transplant surgery or complications of immunosuppression.
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optimally, with a rapid decision toward transplantation 
(Mejia et al. 2005).

11.2.4  Recommendations for Liver 
Transplantation in Current 
Multicenter HB Studies

The following guidelines have been developed over 
the years and are currently recommended by COG, 
SIOPEL, and GPOH. It is important that consultation 
with a transplant center with special expertise in pedi-
atric liver surgery be considered early in the treatment 
in order to prevent delays and unwanted extended 
courses of chemotherapy while awaiting resection 
and transplantation.

Multifocal PRETEXT IV: Multifocal PRETEXT IV 
HB in the absence of any metastatic disease after che-
motherapy (POST-TEXT – M) is a clear indication for 
liver transplantation. Apparent clearance of tumor 
from one liver section (multifocal PRETEXT IV – 
multifocal POST-TEXT III) should not distract from 
this guideline because of the high probability of per-
sistent microscopic viable neoplastic cells in the now 
radiographically “clear” section. Clinicians should 
resist the temptation to intensify chemotherapy in a 
vain effort to avoid transplantation. These patients 
should be treated with high-risk protocols of chemo-
therapy, just as patients with localized tumors amena-
ble to partial hepatectomy, with the same number of 
cycles of chemotherapy before and after transplanta-
tion as patients submitted to partial hepatectomy. 
Many of these patients with extensive multifocal 
tumors have had chemotherapy downstage to POST-
TEXT III and have undergone trisegmentectomy, only 
to recur and present for “relapse” transplantation. Prior 
experience has documented the inferior results 
achieved in most patients with “relapse,” instead of 
primary transplantation. Similarly, resection of the 
solitary primary tumor with nonanatomic wedge resec-
tion of satellite nodules has been shown to carry a high 
risk of local relapse.

Solitary PRETEXT IV: Primary liver transplanta-
tion may be the best option for large, solitary PRETEXT 
IV HB, involving all four sections of the liver, unless 
tumor downstaging to unifocal POST-TEXT III is 
demonstrated after neoadjuvant chemotherapy. If this 

were the case, a clear retraction of the tumor from the 
anatomic border of one lateral sector would allow per-
formance of a trisegmentectomy.

PRETEXT III+V, +P: In a subgroup of PRETEXT 
III HB, major vascular invasion may preclude standard 
trisegmentectomy. Resection in the face of major venous 
invasion runs the risk of leaving viable neoplastic tissue 
behind if the surgeon must peel off viable tumor directly 
from the involved vein. Some have argued in favor of 
venous resection and reconstruction, as opposed to 
transplantation, in these cases. There are no trials com-
paring the results of partial resection with extensive 
venous dissection versus complete resection with trans-
plantation. Partial resection carries an increased risk of 
surgical complication, including bleeding and/or venous 
inflow or outflow obstruction, and positive tumor resec-
tion margin. The importance of a positive margin 
remains debatable since a microscopic positive margin, 
after chemotherapy and surgery, may not always impact 
prognosis (Aronson 2008).

One thing that is universally recommended is that 
all patients with these types of tumors should be 
referred early in the course of their treatment to a sur-
gical team with expertise in both radical resection and 
liver transplantation. In the hands of such a team if a 
major venous resection results in hepatic compromise, 
the team should be prepared to proceed directly to 
transplantation. The decision about which form of 
therapy may be best in a given circumstance can only 
be made by a surgical team with the expertise and 
capability to do either, or both.

Macroscopic venous invasion (portal vein, hepatic 
veins, vena cava) is only a relative contraindication if 
complete resection of the invaded venous structures can 
be accomplished. When there is evidence or suspicion 
of invasion of the retrohepatic vena cava, it should be 
resected “en bloc” and reconstructed (Chardot et al. 
2002). Review of the world’s experience shows that 
venous extent is associated with a significantly shorter 
survival (P = 0.045) (Otte et al. 2004). In contrast, 71% 
of these patients were alive and disease-free >10 years 
after liver transplantation in the SIOPEL l study. Of the 
nine TNM IV A/IV B patients (eight with major intrahe-
patic venous invasion) reported by Reyes and associates, 
seven were alive and disease-free 21–146 months after 
transplantation (Reyes et al. 2000).

Pulmonary Metastasis at Diagnosis: An absolute 
contraindication to liver transplant is persistent pul-
monary metastases nonresponsive to neoadjuvant 
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chemotherapy and not amenable to surgical resection. 
The tumor should show at least a partial response to 
chemotherapy (decrease in tumor size, decrease in 
serum AFP, and decrease in size or disappearance of 
pulmonary nodules). Stable or progressive disease is a 
relative contraindication to transplant (Chardot et al. 
2002; Otte et al. 2005; Otte and deVille de Goyet 2005; 
Stringer 2007). Lung metastases that do not clear com-
pletely with chemotherapy should be surgically resected 
and histologic diagnosis confirmed. Some have advo-
cated sternotomy and bilateral lung palpation, rather 
than unilateral wedge resection of persistent nodules 
prior to transplantation although this remains contro-
versial. Lung metastases that disappear completely 
with chemotherapy with or without surgical resection 
do not pose a contraindication, yet the risk of post-
transplant pulmonary relapse is substantial and there-
fore the use of liver transplantation for children with 
metastatic disease remains controversial.

“Rescue” Transplant for Relapse or Persistent 
Tumors: Multiple series have shown superior outcome 
after primary transplant (about 80% overall survival) 
when compared to “rescue” transplant (about 30–40% 
overall survival) (Otte et al. 2004; Pimpalwar et al. 
2002; Avila et al. 2007; Cassas-Medley et al. 2007; 
Browne et al. 2008). The basis for this is undoubtedly 
multifactorial, but two important reasons are the likeli-
hood of chemotherapy resistance in relapse tumors, 
and the debilitated state of the patients when trans-
planted in the face of end-stage disease. Potential can-
didates for transplant not only require careful evaluation 
of their tumor but also a thoughtful consideration of 
their ability to tolerate the physiologic stress of trans-
plant. Doxorubicin is cardiotoxic and cisplatin is neph-
rotoxic. A detailed echocardiogram and assessment of 
renal function is essential prior to transplant, especially 
a “rescue” transplant. After months, sometimes years 
of failed therapy, the child’s nutritional status may be 
compromised rendering them more susceptible to 
infectious complications.

11.2.5  Post-Transplant 
Immunosuppression

There is concern about the long-term sequelae of the 
combined nephrotoxicity of cisplatin and calcineurin 

inhibitors. Children treated with chemotherapy are 
already suppressed to some degree at the time of trans-
plantation; they might need a tailored reduction of cal-
cineurin inhibitors post-transplant. In the series 
published by the Brussels’ group (Otte et al. 2005), 12 
children with a primary transplant were compared with 
a paired cohort of 12 children transplanted for a non-
malignant liver disease during the same period of time 
(1998–2004). Matching criteria included age, gender, 
type of graft (ten LRLT grafts and two deceased donor 
grafts in both groups), and immunosuppression regi-
men (Tacrolimus-steroids: five versus five; Tacrolimus-
Basiliximab: four versus four; Tacrolimus monotherapy: 
three versus three). Overall patient survival rate was 
91% in the first group (1 died of tumor recurrence; the 
other 11 are alive and disease-free) and 100% in the 
second group. Rejection-free survival rates up to 5 
years post-transplant were 91% and 58%, respectively 
(p:0.079) despite significantly lower Tacrolimus blood 
trough levels at 90 days (p:0.004), 6 months (p:0.034), 
and 1 year (p: 0.019) in HB patients. This limited expe-
rience suggests that lower Tacrolimus blood trough 
levels used in patients transplanted for HB (and likely 
for other tumors treated with chemotherapy), with the 
intention to protect the kidneys against the cumulative 
nephrotoxicity of calcineurin inhibitors and cisplatin, 
does not increase the rejection incidence during the 
first year post-transplantation.

11.3  Hepatocellular Carcinoma

In hepatocellular carcinoma (HCC), the cornerstone of 
therapy is complete tumor resection; however, com-
plete resection is only achieved in about 25% of chil-
dren (Czauderna et al. 2002; Katzenstein et al. 2002; 
Katzenstein et al. 2003). Unlike HB, HCC is usually 
not very sensitive to chemotherapy, is often very 
advanced at diagnosis, and has a dismal cure rate of 
less than 30% (Czauderna et al. 2002; Katzenstein 
et al. 2002; Katzenstein et al. 2003; Reynolds 2001). 
The role of liver transplantation in pediatric HCC is 
more controversial than in children with HB and in 
most cases transplant is not an option because the HCC 
is too advanced at diagnosis. Because of its chemosen-
sitivity, in HB extrahepatic disease that clears with 
chemotherapy does not preclude transplant. In HCC, 
this is NOT true; liver transplant is contraindicated in 
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the presence of any extrahepatic tumor, even in the 
occasional patient where it clears with chemotherapy. 
Although HCC is more likely to show some response 
to chemotherapy in children than in adults, most HCC 
is chemoresistant. The SIOPEL-1 study included 
showed a response rate of 49% of pediatric HCC to 
Cisplatin and Doxorubicin (Czauderna et al. 2002). 
HCC tumor progression while on chemotherapy is a 
relative contraindication to transplant since occult 
extrahepatic micrometastatic disease is increasingly 
possible in this situation.

Poor prognostic factors for HCC include metastatic 
spread, large tumor size (PRETEXT IV), extensive 
multifocality, lymph node metastasis, and major 
venous invasion. The fibrolamellar variant of HCC has 
traditionally been regarded as having a higher resec-
tion rate and a better prognosis. While this seems to be 
true in adult HCC, an analysis of ten children with 
fibrolamellar HCC from the USA showed no differ-
ence in outcome compared to typical pediatric HCC. 
Another distinction between pediatric HCC and adult 
HCC is the prevalence of cirrhosis, which is much 
more common in adults. Depending on the series, 
between 50% and 70% of pediatric HCC presents 
de novo in the absence of any antecedent liver disease. 
This is less true in some parts of the world, e.g., 
Southeast Asia, where hepatitis C is endemic.

11.3.1  Outcomes of Transplantation  
for HCC Reported in Literature

Table 11.4 (Superina and Bilik 1996; Penn 1991; Tagge 
et al. 1992; Achilleos et al. 1996; Reyes et al. 2000; 
Avila et al. 2007; Austin et al. 2006; Beaunoyer et al. 
2007; Kalicinski et al. 2008; Olthoff et al. 1990; Ismail 

et al. 2009) is a compilation of the major published 
results for liver transplant for HCC over the past 20 
years. In his landmark series of 2000, Reyes reported 
on 19 children with HCC who underwent transplanta-
tion (Reyes et al. 2000). In his report a majority of the 
children transplanted for HCC, 14 of 19 patients, had 
underlying chronic liver disease, which is just the oppo-
site of what is typically seen in pediatric HCC. The rea-
son for this is twofold. First, many of these patients had 
“incidental” tumors, meaning that the transplant was 
performed for the primary indication of the underlying 
liver disease (e.g., metabolic liver disease) and the HCC 
was a small focal incidental finding. Second, because 
metabolic liver disease such as tyrosinemia and glyco-
gen storage disease is known to predispose to the devel-
opment of HCC, these children are often diagnosed 
under regular surveillance allowing detection of their 
HCC at an early stage. Children with cirrhosis from 
various causes are also included in most other reports of 
liver transplantation for HCC in children; however, if 
we are to understand the optimal role of transplantation 
the results need to be stratified and analyzed separately 
as (a) de novo tumors in otherwise healthy children; (b) 
HCC detection during surveillance of chronic liver dis-
ease; and (c) truly incidental tumors discovered in the 
explant of a transplant performed for the underlying 
liver disease. We tried to separate out these numbers in 
Table 11.4 and found that in fact it is very difficult, if 
not impossible, to assign these categories to most cases 
reported in the literature.

The series from Austin, et al. is particularly problem-
atic in respect to risk stratification of the results (Austin 
et al. 2006). Data from the United Network for Organ 
Sharing (UNOS) on standard transplant and research 
files were analyzed and included pediatric (<18 years) 
transplant recipients with HCC from 1987 to 2004. A 
total number of 43 transplants were performed in 41 

Pulmonary metastasis at diagnosis N = Post-transplant 
pulmonary relapse

Alive without 
evidence of tumor

Died of other 
causes

Lung lesions disappeared  
with chemotherapy

24 9 (38%) 14 (58%) 1 (4%)

Pretransplant Pulmonary  
Metastasectomy

8 3 (38%) 5 (62%)

TOTALa 32 12 (37%) 19 (60%) 1 (3%)

Table 11.4 Liver transplant in children with HB and pulmonary metastasis at diagnosis, review of literature [56]

a Patients listed in table have been separately reported in the following series over the past 10 years: Superina et al. (1996), Al-Qabandi 
et al. (1999), Reyes et al. (2000), Schnater (2002), Perilongo (2004), Avila et al. (2006), Cassas-Medley (2007), Nathan (2009), 
Casanova (2009), Otte (2009).
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children for a diagnosis of HCC. In the discussion, 
the authors compare their results for HCC, 63% sur-
vival, with those of children with HCC in SIOPEL-1, 
28% survival, and conclude that the 5-year survival in 
the UNOS database was significantly better. But this 
is grossly misleading. SIOPEL 1 is largely a series of 
children with de novo tumors in otherwise healthy chil-
dren, whereas the UNOS database includes few, if any, 
clinical correlative data to help us understand which of 
these transplants were performed primarily for a new 
diagnosis of liver tumor, and which were the result of 
surveillance screening or “incidental” findings in chil-
dren with baseline liver disease. Indeed the UNOS 
review data files “contain no center specific informa-
tion such as tumor staging, chemotherapy regimens, or 
details about previous surgical resections” and underly-
ing liver disease (Austin et al. 2006).

The contemporary series by Beanoyer (Beaunoyer 
et al. 2007) and Ismail (Ismail et al. 2009) are more 
enlightening. Beanoyer et al. report on ten cases of 
pediatric HCC treated at Stanford between 1988 and 
2006. They acknowledge that most cases with HCC in 
children present with advanced disease and the prog-
nosis is poor (Moore et al. 1997). Median age at trans-
plantation was 10 years (4.4–16.3); seven of ten 
children had underlying liver disease (4 hepatitis, 1 
tyrosinemia, 1 Alagille’s, 1 PFIC); three transplants 
were for denovo tumors in otherwise healthy children, 
four transplants were for tumors detected in a surveil-
lance program, and three tumors were incidentally 
diagnosed at the time of transplant. Median size of the 
tumor was 5.8 cm (2–10.5 cm) with 60% having a 
lesion of more than 5 cm. Seven patients had more 
than three lesions; mean AFP at presentation 446,927 
ng/mL, five had chemotherapy, and two had chemoem-
bolization. Mean graft survival (14 transplants in 10 
patients) was 100% at 1 year and 44% at 5 years, with 
an actuarial survival of 100% and 83% at 1 and 5 years 
and a follow-up of 7.9 ± 6.9 years. Two of ten patients 
died: one from tumor recurrence, and one from multi-
ple recurrent hepatitis B after the third transplant.

Ismail (Ismail et al. 2009) and Kalicinski (Kalicinski 
et al. 2008) published separate reports from what 
appears to be the same series of patients in Warsaw 
Poland. Between 1990 and 2007, 11 children were 
transplanted for HCC. Median age at transplantation 
was 10.5 years (3.5–18 years); 5 of 11 children had 
underlying liver disease (2 hepatitis, 3 tyrosinemia). Six 
transplants were for de novo tumors in otherwise healthy 

children; of the five children with underlying liver dis-
ease it is unclear in the manuscript, which transplants 
were for tumors detected in a surveillance program and 
which tumors may have been incidentally diagnosed at 
the time of transplant. In 8 or 11 children, the tumor 
diameter exceeded 5 cm, 5 children had more than three 
foci of HCC, and three had evidence of vascular inva-
sion. Survival was 72% (8 of 11 children) with follow-
up of 4.7 years (32–85 months). Three of 11 patients 
died: 1 from tumor recurrence, 1 from allograft primary 
non-function, and 1 from chronic rejection.

11.3.2  Guiding Principles to Consider  
for Liver Transplant in HCC

A number of guiding principles should be taken into con-
sideration when considering transplantation for HCC.

Response to chemotherapy: Although HCC is more 
likely to show some response to chemotherapy in 
children than adults, most HCC is chemoresistant. 
HCC tumor progression while on chemotherapy is a 
relative contraindication to transplant since occult 
extrahepatic micrometastatic disease is increasingly 
possible in this situation.

PRETEXT to determine potential need for transplant: 
PRETEXT is primarily useful in predicting tumors that 
are unresectable by conventional surgical techniques in 
HB. PRETEXT classification is very useful in stratify-
ing results in pediatric HCC, but the big “unresectable” 
tumors in HCC are often too advanced at diagnosis to 
consider transplantation. Nevertheless, any pediatric 
de novo tumor that is extensive PRETEXT III or IV in 
the absence of major venous invasion and extrahepatic 
disease (-V, -P, -E, -M) might be a candidate for trans-
plantation. De novo PRETEXT I and II can probably 
undergo primary resection although the risk of local 
relapse is high. In the presence of underlying metabolic 
disease (e.g., tyrosinemia, glycogen storage disease)  
or cirrhosis, any PRETEXT -V, -P, -E, -M is a potential 
transplant candidate.

Multifocal Tumors, Macrovascular Invasion, and 
Milan Criteria: Outcome for transplant in adult 
HCC has improved over the years due to our recog-
nition that strict selection criteria can identify candi-
dates with a lower risk of post-transplant tumor 
relapse. The Milan criteria introduced by Mazzaferro 
in 1996 restrict transplant in adults with HCC as 
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follows: (a) single tumor diameter < 5 cm; (b) not more 
than three foci of tumor, each one not exceeding 3 cm; 
(c) no angioinvasion; (d) no extrahepatic involvement. 
Since the introduction of these criteria, long-term 
recurrence free survival after liver transplant in adults 
with HCC improved from 30% to 75% (Matsunaga 
et al. 2003; Bismuth et al. 1993; Yao et al. 2001; Leung 
et al. 2004). There is no distinction between adult and 
pediatric patients with HCC in terms of the UNOS cri-
teria for assigning the Model/Pediatric for End-Stage 
liver disease scale (MELD/PELD) scores, which have 
been based on Milan criteria.

The problem with Milan criteria in children is that 
50–70% of children present with large de novo tumors 
and a large tumor burden in otherwise healthy livers.  
In contrast, the Milan Criteria were developed in adults 
with small tumors and underlying cirrhotic liver dis-
ease. Furthermore, de novo pediatric HCC often shows 
features on a continuum with pediatric HB and these 
transitional tumors may have a more favorable biology 
(Chen et al. 1998). Kim et al. found the mutation of 
c-met gene in children with HCC, but not in adults 
with HCC. Furthermore, they also showed the levels of 
cyclin D1 expression was significantly lower in child-
hood HCC than in adults, while loss of heterozygosity 
on 13q chromosome was higher in childhood HCC 
than in adults (Kim et al. 2000).

Two recent series of pediatric liver transplantation 
questioned the relevance of Milan criteria to pediatric 
HCC. Beaunoyer reported a series of ten cases of 
transplant for pediatric HCC from Stanford University 
where the only child who died from tumor recurrence 
had unrecognized tumor invasion of perihepatic fat, 
but no vascular invasion (Beaunoyer et al. 2007). Two 
other children who did have major vascular invasion 
of the portal vein survived transplantation and have 
not experienced recurrence with a long-term follow-
up. In their series the number of tumors, neither the 
size of tumors, nor the presence of gross vascular 
invasion were associated with post-transplant tumor 
recurrence.

Of the four Milan criteria, Ismail et al. reported a 
series from Poland where three patients did not fulfill 
four Milan criteria; three patients did not fulfill two 
Milan criteria, and two patients did not fulfill one cri-
teria (Ismail et al. 2009). The only child in their series 
who fulfilled all four Milan criteria was a child with 
tyrosinemia and a small tumor found on surveillance 
screening. In view of the lack of improvement in 

results of conventional treatment of pediatric HCC 
over the past 2 decades, most clinicians treating 
pediatric HCC do NOT recommend adherence to 
Milan criteria in children who present with large 
de novo tumors and no evidence of extrahepatic dis-
ease (Otte 2008).

Metastatic disease: Metastatic disease is considered 
an absolute contraindication to liver transplant in HCC.

Living Donor Versus Deceased Allograft: There is a 
trend to a higher disease-free, patient survival of chil-
dren receiving a LRLT for HB (Otte et al. 2004; Mejia 
et al. 2005; Faraj et al. 2008) it is unclear if this trend 
would hold true for HCC as well. When a living donor 
is available, pre-transplant chemotherapy can be sched-
uled optimally, with a rapid decision toward transplan-
tation (Mejia et al. 2005).

11.3.3  Contemporary Recommendations 
for Liver Transplantation in HCC  
in Children

The following guidelines have been formulated by 
centers with particular expertise in pediatric liver 
transplantation. They are in a greater state of contro-
versy and evolution than are the guidelines for HB. In 
most centers, the criteria for transplantation of muti-
focal and unifocal HCC are the same as for HB and do 
not follow adult limitations on size and number of 
nodules. Unlike HB, however, any history of pulmo-
nary metastatic disease, extrahepatic disease, and/or 
major vascular invasion is considered an absolute 
contraindication. It is important that consultation with 
a transplant center with special expertise in pediatric 
liver surgery be considered early in the treatment in 
order to prevent delays and unwanted extended 
courses of chemotherapy while awaiting resection and 
transplantation.

Multifocal HCC and Milan Criteria: Multifocal 
HCC in the absence of any metastatic disease both 
before and after chemotherapy (PRETEXT –M and 
POST-TEXT –M) is a clear indication for liver trans-
plantation. Apparent clearance of tumor from one liver 
section (multifocal PRETEXT IV – multifocal POST-
TEXT III) should not distract from this guideline 
because of the high probability of persistent  microscopic 
viable neoplastic cells in the now radiographically 
“clear” section. Clinicians should resist the temptation 
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to intensify chemotherapy in a vain effort to avoid trans-
plantation. Resection of the dominant primary tumor 
with nonanatomic wedge resection of satellite nodules 
carries a high risk of local relapse. In children the num-
ber of nodules, as stipulated by Milan criteria, is usually 
not considered a contraindication to transplantation.

Solitary PRETEXT IV: Primary liver transplanta-
tion may be the best option for large, solitary PRETEXT 
IV HB. Even large solitary PRETEXT III tumors may 
be best treated by transplantation if a complete tumor-
free resection margin is more likely with complete 
hepatectomy.

PRETEXT III+V, +P: Macroscopic venous invasion 
(portal vein, hepatic veins, vena cava) is only a relative 
contraindication if complete resection of the invaded 
venous structures can be accomplished. When there is 
evidence or suspicion of invasion of the retrohepatic vena 
cava, it should be resected “en bloc” and reconstructed. 
This is an area of great controversy and no established 
guidelines exist. As long as the tumor is clearly –M and 
–E many pediatric specialty liver centers would consider 
these patients for transplantation, many would not.

Pulmonary Metastasis at Diagnosis: An absolute 
contraindication to liver transplant is pulmonary 
metastases or extrahepatic disease, whether it responds 
to chemotherapy or not.

Post-transplant Immunosuppression: Guidelines for 
post-transplant immunosuppression in HCC are the 
same as with transplant for HB with one possible dif-
ference. Many centers would consider post-transplant 
adjuvant antiangiogenic therapy with sorafanib in 
HCC. Sorafanib has clearly been shown to be benefi-
cial in adults in prolonging progression-free survival 
after conventional resection (Llovet et al. 2008). 
Experience in the transplant population of patients is 
limited but in any patient considered to be at high risk 
for tumor relapse, options for possible antiangiogenic 
therapy should be discussed. Similarly, many centers 
have begun to experiment with Rapamycin (Sirolimus) 
as a post-transplant immunosuppressant because of its 
antineoplastic and antiangiogenic properties (Chen 
et al. 2008; Toso et al. 2007). Caution is warranted 
because of reports suggesting possible increase in post-
transplant thrombosis and potential problems with 
wound healing (www.thedrugmonitor.com), although 
these have not been shown to seriously affect outcome 
in more recent adult studies (Zimmermann et al. 2008). 
Experience with Rapamycin (Sirolimus) in children 
transplanted for malignancy is limited.

11.4  Transplant for Other  
Pediatric Liver Tumors

11.4.1  Infantile Hepatic Hemangioma, 
Infantile Hemangioendothelioma 
of the Liver (IHHE),  
and Angiosarcoma

There is some confusion in the definition and nomen-
clature of hepatic angiomatous lesions in the pediatric 
age group. This is in part caused by the noncritical use 
of the terms hemangioma versus hemangioendothe-
lioma. Infantile hepatic hemangioma is perhaps best 
classified as focal, multifocal, and diffuse in a clinically 
oriented approach proposed by Chistison-Lagey et al. 
(Christison-Lagay et al. 2007). The diffuse subtype of 
“classical” infantile hepatic hemangioma is sometimes 
referred to in the literature as hepatic hemangioendothe-
lioma, which can be misleading. Infantile hemangioen-
dothelioma of the liver (IHHE) should be distinguished 
from “classical” hemangioma whether or not one 
employs the Boston Vascular Anomalies System, which 
requires a kaposiform histology and is sometimes 
referred to as kaposiform hemangioendothelioma. 
Symptoms seen with these large diffuse lesions may 
include abdominal distention, hepatomegaly, conges-
tive heart failure, vomiting, anemia, thrombocytopenia, 
jaundice secondary to biliary obstruction, and associ-
ated cutaneous or visceral hemangiomas (Stringer 
2000). Unfavorable radiographic features include cen-
tral varix with arteriovenous shunt, central necrosis or 
thrombosis, and diffuse hemangiomatous involvement 
of the liver with abdominal vascular compression 
(Kassarjian et al. 2994).

In infants who fail medical management, symptom-
atic solitary tumors may be treated by excision, hepatic 
arterial ligation, or selective angiographic emboliza-
tion. Although potentially hazardous, hepatic arterial 
embolization can be especially helpful in tumors caus-
ing high output cardiac failure due to arteriovenous 
shunts within the tumor (Draper et al. 2008). About 
65% of tumors are solitary or unifocal with a survival 
of 86% and death is usually not caused by the tumor 
but by a comorbidities (Isaacs 2007). Thirty-five per-
cent of tumors are multifocal or diffuse with a survival 
somewhere between 60% and 100% with death usu-
ally secondary to cardiorespiratory compromise caused 
by tumors refractory to medical and interventional 

http://www.thedrugmonitor.com
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management (Draper et al. 2008; Isaacs 2007; Dickie 
et al. 2009). Orthotopic liver transplantation may be 
life saving for cases with diffuse angiomatous change 
in which the lesion is progressive with intractable 
high-output cardiac failure, abdominal compartment 
syndrome, and failure of lesser treatment options. 
There are several reports of successful liver transplant 
in these cases that fail medical management (Kasahara 
et al. 2005; Egawa et al. 1994; Daller et al. 1999; Walsh 
et al. 2004). Although the tumor is “benign,” not all 
transplant cases survive due to increased operative 
complications of bleeding, possible malignant trans-
formation to angiosarcoma (Achilleos et al. 1996), or 
transplant-related complications (Daller et al. 1999).

IHHE has two subtypes: Type 1 and 2. Type 2 may 
be an aggressive lesion and has, therefore, been termed 
low-grade angiosarcoma of the infantile liver 
[Zimmerman, personal communication]. Apart from 
this entity, classical adult-type angiosarocma of the 
liver also exists in childhood, with a histology clearly 
different from IHHE type 2, but this is a very rare 
lesion in contrast to IHHE. Case reports document the 
potential for malignant transformation of infantile 
hemangioma to angiosarcoma (Awan et al. 1996; Nazir 
and Pervez 2006; Kirchner et al. 1981). Histologic 
verification of malignancy may be difficult and this 
rare entity must be suspected if the biologic behavior 
of an infantile hemangioma shows unusual progres-
sion or recurrence after a period of relative quiescence. 
Relatively chemoresistant, with angiosarcoma the 
prognosis is generally poor (Bien et al. 2009). 
Occasional success after chemotherapy and partial 
hepatectomy has been reported (Gunawardena et al. 
1997). Although there are isolated case reports of 
transplant for angiosarcoma in children (Awan et al. 
1996; Kirchner et al. 1981), adult experience with liver 
transplant for angiosarcoma has not been good, with 
very high risk of  post-transplant tumor relapse (Penn 
1991)

11.4.2  Malignant Epithelioid 
Hemangioendothelioma

Malignant epithelioid (kaposiform) hemangioendothe-
lioma is a malignant vascular tumor distinct from infan-
tile hemangioma and angiosarcoma (Stringer 2007). It 

may be slow growing in young women, and very aggres-
sive in children (Awan et al. 1996; Sharif et al. 2004). 
These tumors are very vascular, large, and diffusely 
infiltrating and therefore unresectable by conventional 
technique. No consistently effective chemotherapy is 
known, but success with an aggressive tumor was 
recently reported with a four-drug regimen including 
vincristine, cyclophosphamide, actinomycin D, and 
methotrexate (Hauer et al. 2007). In a review of five 
children from three European centers, both patients 
treated by liver transplantation died within a year, one 
from viral infection, and the other from recurrent dis-
ease (Sharif et al. 2004). In another report, an older child 
with a slow-growing tumor was successfully treated by 
liver transplantation (Taege et al. 1999). The operative 
specimen should be scrutinized for foci of angiosarcoma 
because recurrence as angiosarcoma has been observed 
after OLT (Otte et al. 1996). The role of liver transplan-
tation for unresectable malignant epithelioid hemangio-
endothelioma is therefore uncertain (Stringer 2007).

11.4.3  Mesenchymal Hamartoma

Mesenchymal hamartoma, a fairly common benign 
tumor is almost always resectable with conventional 
technique. Very rarely a mesenchymal hamartoma is 
unresectable and liver transplantation may be neces-
sary. There are two reports in the literature. The 
Pittsburgh group describes two children, both of 
whom had undergone previous partial hepatectomy 
with postoperative complications; one died of periop-
erative bleeding and the other survived (Tepetes et al. 
1995). The other case report in the literature had con-
comitant infantile hemangioma and also had previous 
unsuccessful conventional resection; transplant was 
successful (Bejarano et al. 2003).

11.4.4  Inflammatory  
Myofibroblastic Tumor

These benign tumors may occur anywhere in the body. 
A handful of cases in the literature document a cen-
trally located and unresectable tumor causing biliary 
obstruction and portal compression. Inflammatory 
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myofibroblastic tumors are hard and solid, composed of 
myofibroblasts with an admixture of plasma cells, lym-
phocytes, and histiocytes in a collagen stroma. Because 
of their diffuse invasive growth pattern, radiographic 
imaging often suggests malignancy. Asymptomatic 
patients may be managed nonoperatively either with 
simple expectant management or with nonsteroidal 
inflammatory and antiangiogenic agents. (Applebaum 
et al. 2005). Some central hilar tumors have been suc-
cessfully resected and some have required liver trans-
plantation (Stringer 2007; Tepetes et al. 1995; Dasgupta 
et al. 2004; Kim et al. 1996).

11.4.5  Undifferentiated  
(Embryonal) Sarcoma

Undifferentiated (embryonal) sarcoma of the liver is a 
rare childhood hepatic tumor, and has historically been 
considered an aggressive neoplasm with an unfavor-
able prognosis. These tumors may arise in a solitary 
liver cyst (Chowdhary et al. 2004). Survival has 
improved in recent multimodal approaches, designed 
for patients with soft tissue sarcomas at other sites, 
including conservative surgery at diagnosis, multiagent 
chemotherapy, and second-look operation in cases of 
residual disease. Using these techniques, several small 
series have reported survival in up to 70% of children 
(Bisogno et al. 2002; Kim et al. 2002; Baron et al. 
2007). There is a single report of a child with non-
metastatic hepatic undifferentiated sarcoma, which was 
successfully treated by chemotherapy and liver trans-
plant; the key factor in this patient appears to have been 
the chemosensitivity of the tumor (Dower et al. 2000).

11.5  Pediatric Liver Unresectable  
Tumor Observatory (Pluto)

Several fundamental questions and controversial issues 
remain regarding the best use of liver transplantation in 
children with unresectable liver tumors. (1) What is the 
optimal treatment of multifocal tumors? (2) What is the 
role of “extreme resection” versus liver transplant in 
patients with major venous involvement? (3) What is the 
role of transplant in patients who present with lung metas-
tasis? (4) Should patients with tumor relapse be offered a 

“rescue” transplant? (5) What is the role of pre- and 
 post-transplant chemotherapy? (6) How should post-trans-
plant  immunosuppression be tailored in children treated 
with chemotherapy, pre- and post-transplant?

In the hope of answering some of these questions, 
the SIOPEL study group together with support from 
COG, GPOH, and the Study of Pediatric Liver 
Transplantation (SPLIT) has established a worldwide 
electronic registry for liver transplant in childhood 
liver tumors: the Pediatric Liver Unresectable Tumor 
Observatory called PLUTO (Otte and Meyers 2006). 
All patients enrolled in the American COG AHEP 
0731 study who undergo transplantation will be 
enrolled into the international PLUTO registry as an 
integral part of the COG study. All patients on current 
SIOPEL studies will be enrolled. Enrolment is encour-
aged from any, and all, pediatric liver transplant cen-
ters worldwide. A remote data entry system has been 
created which is accessible online, worldwide, and 
free of charge for contributing centers. Information 
and registration instructions are available on the Web 
site www.pluto.cineca.org, The aim is to establish a 
multicenter, international database with prospective 
registration of pediatric (<18 years) patients present-
ing with unresectable tumor (HB, HCC, epithelioid 
hemangioendothelioma, or other rare tumors) under-
going a primary or a rescue transplantation.

All patients treated by liver transplantation will be 
asked to sign consent within 1 month post transplant 
giving permission for registration on the PLUTO mul-
ticenter international cooperative database for children 
who receive a liver transplant for tumor. The database 
collects information about the type of liver tumor, 
tumor size, number and location of tumors in and out-
side of the liver, involvement of blood vessels, chemo-
therapy medications used, lymphocyte blood count, 
immunosuppression medications used after transplant, 
side effects of the medications, at what point in the 
treatment was the transplant performed, complications 
from the transplant surgery, and outcome of the trans-
plant and the disease-free survival.

11.6  Conclusion

Total hepatectomy and liver transplantation should be 
considered an integral part of the contemporary treat-
ment of high-risk children with HB. Reliance on 

http://www.pluto.cineca.org
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chemotherapy to reduce the size or extent of tumors in 
these high-risk children place them at risk for excess 
morbidity from chemotherapy, a higher tumor recur-
rence rate, or death before or during resection. While 
alternative therapy with “extreme” surgery has been 
reported with good results in some hands, it remains 
dependent upon specialized surgical skills and surgical 
teams with extensive experience. It is these very spe-
cialized surgical teams who are best positioned to 
make a decision regarding transplantation versus 
“extreme” resection with a transplant safety net. 
Patients who present with metastatic disease may still 
benefit from treatment including transplantation but 
significant questions remain about their optimal treat-
ment. The role of transplant for malignant liver tumors 
other than HB, i.e., HCC and sarcoma, remains unclear. 
We strongly urge all physicians and surgeons involved 
in the care of these high-risk patients to enroll them on 
available group studies and to register them with the 
PLUTO registry.
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12.1  Hepatoblastoma

Currently, systemic chemotherapy plays a fundamen-
tal role in the cure of children affected by hepatoblas-
toma. Unquestionably, surgery remains the cornerstone 
of any therapeutic strategy directed to the cure of these 
children, and indeed, it is universally accepted that 
complete tumor resection is the single most important 
prognostic factor. However, the best chances of cure 
can be achieved only with a multidisciplinary treat-
ment strategy based on surgery and systemic 
chemotherapy.

12.1.1  Why Chemotherapy?

The first evidence of the curative role of chemotherapy 
for children diagnosed with hepatoblastoma can be 
traced to the early 1970s. At that time, members of the 
Children’s Cancer Study Group (CCSG) and of the 
Pediatric Division of the Southwest Oncology Group 
(SWOG) launched the very first cooperative group 
studies for the treatment of children with malignant 
liver tumors (Evans et al. 1982). In this first study, 
patients with disease limited to one lobe and completely 
resected tumors (Stage I) received no further chemo-
therapy, while those with residual disease received 
sequential chemotherapy with actinomycin-D, vincris-
tine, and cyclophosphamide for 18 months with or 
without radiation therapy. Seven of the 11 patients 
(64%) in Stage I developed metastatic disease, and only 
7 of the 40 patients entered in this study survived. All 
survivors had either complete surgical resection of the 
tumor or minor residual disease treated with concomi-
tant radiation. No tumor response was observed in 
patients treated with chemotherapy alone.
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Due to the lack of chemotherapy response with 
this regimen, the second trial used a new and more 
aggressive regimen consisting of vincristine, cyclo-
phosphamide, doxorubicin, and 5-fluorouracil in six 
weekly cycles given for one year (Evans et al. 1982). 
All patients including those with completely resected 
tumors received chemotherapy. Twenty-four patients 
had no measurable disease following initial surgical 
treatment and 27 patients had measurable disease at the 
time of study entry. The response rate to chemotherapy 
was 44% (12/27 patients), and 20 of the 24 with no 
measurable disease following initial surgical resection 
continued relapse-free for more than 20 months. In this 
study, only 1 of 16 patients (6%) in Stage I developed 
metastatic disease. This was significantly lower than the 
64% metastatic rate observed for similar patients on the 
first study who did not receive adjuvant chemotherapy.

These historical trials served to produce the first 
evidence that systemic chemotherapy is effective in 
reducing tumor volume and thus making originally 
unresectable tumors amenable to surgical resection 
(Fig. 12.1), and perhaps most importantly, reducing 
the subsequent risk of metastatic disease after radical 
surgery. Since then, chemotherapy has, in the majority 
of cases, continued to be included in the treatment of 
hepatoblastoma.

12.1.2  When Chemotherapy?

Since its inception, the North American Cooperative 
Study Groups on Hepatoblastoma have adopted as its 
treatment strategy the use of chemotherapy after an 

Fig. 12.1 (a) Computed tomography scan of a huge hepatoblastoma (PRETEXT III) at diagnosis occuring in a 2-year-old boy; (b) 
the same tumor after four cycles of preoperative chemotherapy with cisplatin alone
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initial upfront attempt at surgical resection (adjuvant 
chemotherapy) for all cases of hepatoblastoma 
regardless of the tumor extension within and/or 
 outside the liver. In contrast, the European Study 
Group – which in the early nineties initiated its his-
tory of running clinical trials under the umbrella of 
the International Society of Pediatric Oncology 
(SIOP) assuming the name of SIOPEL Group – has 
adopted a treatment strategy based on the use of pre-
operative chemotherapy before definitive surgical 
resection (neo-adjuvant chemotherapy) for all patients 
presenting with hepatoblastoma. The results of these 
two strategies have been comparable with a 3 to 5 
year overall and event-free survival of over 70% 
(Tables 12.1 and 12.2).

12.1.3  Which Chemotherapy?

The prognosis for children affected by hepatoblastoma 
changed dramatically since the introduction of cispla-
tin to the therapeutic armamentarium of these tumors. 
The response rates of hepatoblastoma to cisplatin-
based chemotherapy range from 80% to 100% and the 
resection rate from 67% to 80%, with a corresponding 
3-year overall survival over 70% (Douglass et al. 1991; 
Katzenstein et al. 2002a, 2002c, 2009; Ortega et al. 
1991, 1998, 2000; Perilongo et al. 2004, 2009; 
Pritchard et al. 2000; von Schweinitz et al. 1997).

Cisplatin-based chemotherapy has become the 
gold-standard for the treatment of hepatoblastoma. 
Consecutive international clinical trials conducted 

Trial [reference] Type of trial/
inclusion criteria

Regimen Number  
of patients

Outcome

CCG 862 (Evans  
et al. 1982)

Single arm/all 
patients

Vincristine+ cyclophosphamide/
doxorubicin alternating  
with vincristine, 
cyclophosphamide,  
5-fluorouracil

61 Three-years OS
Stage I = 94
Stage II = 57%
Stage III = 20%
Stage IV = 14%

CCG 823F (Ortega 
et al. 1991)

Single arm Cisplatin/doxorubicin 33 Two-years OS
Stage II = 86%
Stage III = 58%
Stage IV = 32%

POG 8697  
(Douglass et al.  
1991)

Single arm Cisplatin/vincristine/ 
5-fluorouracil

60 Four-years OS
Stage I/PFH = 100%*
Stage I/II = 90%
Stage III = 67%
Stage IV = 12 %

INT 0089 (Ortega 
et al. 2000)

Prospective 
randomized  
trial

Cisplatin/vincristine/ 
5-fluorouracil versus  
cisplatin/doxorubicn

Stage I/II 50
Stage III 83
Stage IV 40

Four-years OS
Stage I/II 100% versus 
96%
Stage III 66% versus 
71%
Stage IV 33% versus 
42%

POG 9345 (Ortega 
et al. 1998)

Single arm
Stage III/IV

Carboplatin followed by  
carboplatin/vincristine/ 
5-fluorouracil

Stage III 22
Stage IV 11

Four-years OS
Stage III =73%
Stage IV = 27%

COG P9645 
(Malogolowkin  
et al. 2006)

Prospective 
randomized  
Stage III/IV

Cisplatin/vincristine/ 
5-fluorouracil versus  
cisplatin/carboplatin

Stage III 38
Stage IV 50

Three-years OS  
All patients = 75% 
versus 56%

Table 12.1 Results of the North American trials for childhood hepatoblastoma

Stage I = microscopic complete resection; Stage II = microscopical residuals; Stage III macroscopical residual; Stage IV = presence 
of metastases; OS = Overall survival



156 G. Perilongo et al.

Trial [reference] Type of trial  
inclusion criteria

Regimen Number of 
patients

Outcomes

SIOPEL 1  
(Pritchard et al. 2000)

Single arm/all  
patients

Cisplatin/ 
doxorubicin

130 Five-years OS 66%
Three-years EFS 75%

SIOPEL 2 SR  
(Perilongo et al. 2004)

Single arm
SR-HB

Cisplatin alone 77 Three-years OS 91% (±7%)
Three-years PFS 89% (±7%)

SIOPEL 2 HR  
(Perilongo et al. 2004)

Single arm
HR-HB

Cisplatin and  
carboplatin/
doxorubicin

58 Three-years OS 53% (±13%)
Three-years PFS 48% (±13%)

SIOPEL 3 SR  
(Perilongo et al. 2009)

Prospective  
randomized trial
SR-HB

Cisplatin/ 
doxorubicin versus 
cisplatin alone

255 Cisplatin/doxorubicin
Three-years OS 93% (±5%)
Three-years EFS 85% (±7%)
Cisplatin alone
Three-years OS 95% (±4%)
Three-years EFS 83% (±7%)

SIOPEL 3 HR  
(Zsíros et al. in press)

Single arm
HR-HB

Cisplatin and  
carboplatin/
doxorubicin

151 Three-years OS 69% (±7%)
Three-years EFS 65% (±8%)

Table 12.2 Results of the International Childhood Liver Tumor Strategy Group – SIOPEL- trials for childhood hepatoblastoma

SR-HB = Standard-risk hepatoblastoma: tumor confined to the liver, involving at most three hepatic sectors associated with alpha-
fetoprotein >100 ng/mL; HR-HB = high-risk hepatoblastoma: tumor involving the entire liver, and/or presenting with metastases; 
and/or with vascular invasion and/or with extrahepatic abdominal disease and/or with alpha-fetoprotein <100 ng/mL; OS = overall 
survival; EFS = event-free survival

since early 1970s have helped the identification of 
prognostic factors associated with the risk of treatment 
failure leading to the development of different risk 
groups and therapeutic strategies.

12.2  The North American  
Experience (Table 12.1)

The Intergroup North American study group (INT-
0098), using a treatment strategy based on upfront sur-
gery was able to document that children with completely 
resected (Stage I) pure fetal hepatoblastoma with low 
mitotic index (<2 mitoses/ten high power microscopic 
fields) could be cured with four cycles of doxorubicin 
alone (Ortega et al. 2000). In the recently completed 
Children’s Oncology Group (COG) study (P9645), 
these patients were treated with surgery followed only 
by observation. Preliminary analysis documents that all 
nine patients with Stage I pure fetal histology hepato-
blastoma were alive and free of disease at the time of 
last contact. (Finegold 2002)

On the INT-0098 study, children with all other 
 histological subtypes of hepatoblastoma completely 

resected with or without microscopic residual disease 
(Stage I and II unfavorable histology) were random-
ized to receive either a regimen consisting of the com-
bination of cisplatin (90 mg/m2 infusion over 6 h) 
followed by doxorubicin (80 mg/m2 continuous infu-
sion over 96 h) or a regimen with the combination of 
cisplatin (90 mg/m2 infusion over 6 h on day 1), vin-
cristine (1.5 mg/m2 on day 2), and 5-fluorouracil (600 
mg/m2 on day 2). This study demonstrated that the 
overall survival for patients treated according to either 
regimen was almost 100% (Ortega et al. 2000).

The 5-year event-free survival for all patients (except 
Stage I with pure fetal histology) was 57% for patients 
enrolled on the INT-0098 study and treated with cispla-
tin/vincristine/5-fluorouracil and 69% for those treated 
with cisplatin/doxorubicin (Ortega et al. 2000). Although 
the difference in outcome between the two regimens 
was not statistically significant, the types of events asso-
ciated with each regimen were notably different. While 
tumor progression accounted for 86% of all reported 
events for patients treated with cisplatin/vincristine/ 
5-fluorouracil, it represented only 56% of all events 
observed in those patients treated with cisplatin/doxoru-
bicin. However, this latter combination was associated 
with an increased number of treatment complications 
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and toxic deaths. Based on these results, the COG inves-
tigators adopted the cisplatin/vincristine/5-fluorouracil 
as the standard for the treatment of children with hepato-
blastoma. These results also suggested that cisplatin was 
the most effective chemotherapeutic agent for the treat-
ment of hepatoblastoma.

Despite the overall improvement in the outcome of 
children with hepatoblastoma, this trial also high-
lighted the fact that those patients with macroscopic 
residual disease at diagnosis (Stage III) and/or with 
metastases (Stage IV) continued to have a poor prog-
nosis with an overall survival of approximately 50% 
and 30%, respectively (Ortega et al. 2000). In an 
attempt to further improve the prognosis of these 
patients, the subsequent COG P9645 study investi-
gated whether a more intensified use of platinum-
derived drugs, mainly based on the introduction of 
carboplatin, could improve the survival of these 
patients (Malogolowkin et al. 2006). This research 
hypothesis was based on the experience acquired with 
the intensification of cisplatin in germ cell tumors 
(Cushing et al. 2004) and a limited pilot experience for 
hepatoblastoma patients (Ortega et al. 1998). This 
hypothesis was tested in a prospective randomized trial 
– COG trial P9645 – opened in March 1999, designed 
to compare the standard “cisplatin/vincristine/5-fluo-
rouracil” combination to a regimen consisting of cis-
platin alternating with carboplatin administered every 
2 weeks (Malogolowkin et al. 2006). On this trial, 
patients received four cycles of the assigned chemo-
therapy followed by response evaluation. Patients with 
unresectable disease at that time were considered treat-
ment failures. Patients who had their tumors resected 
went on to receive two more cycles of their assigned 
therapy. The 1-year event-free survival was 37% for 
patients receiving the cisplatin/carboplatin regimen 
and 57% for those receiving  cisplatin/vincristine/5-
fluorouracil (p = 0.017). Patients randomized to cispla-
tin/carboplatin required more blood product support. 
There were no differences between the regimens when 
the other toxicities were compared. The randomization 
was discontinued after 3 years of enrollment, because 
the projected improvement in long-term outcome 
 associated with cisplatin/carboplatin was statistically 
excluded as a possible  outcome of this trial (Mal-
ogolowkin et al. 2006).

On the P9645 study, stage I and II patients received 
four cycles of cisplatin/vincristine/5-fluorouracil after 
their upfront surgery. In addition, all patients enrolled 

in this study were randomized to receive or not amifos-
tine at a dose of 740 mg/m2 intravenously over 15 min 
before each administration of a platinum agent with the 
goal of reducing the toxicities associated with cisplatin 
therapy (Katzenstein et al. 2009). In October 2003, the 
randomization to receive amifostine was terminated as 
a result of an interim toxicity analysis that determined 
that amifostine in the dose and schedule used did not 
provide significant benefit with respect to the ameliora-
tion of hematological toxicity or ototoxicity associated 
with platinum agents. This analysis included 82 patients 
randomized to receive platinum-containing therapy 
with or without amifostine. The disease outcome for 
patients who received amifostine was similar to the out-
come for patients who did not receive amifostine (p = 
0.22). The incidence of significant hearing loss (>40 
dB) according to the modified Brock criteria (Brock et 
al. 1995; Blouin et al. 2004) was similar for patients 
who received (38% – 14/37 patients) or did not receive 
amifostine (38% – 17/45 patients; p = 0.68). There 
were no differences in the incidence of renal or bone 
marrow toxicities evaluated; however, patients who 
received amifostine had a higher incidence of hypocal-
cemia (5% versus 0.5%; p = 0.00006).

In order to further determine the role of doxorubicin, 
the COG investigators reviewed the outcomes of the 
patients with hepatoblastoma entered in the INT-0098 
study with emphasis on the postevent survival time for 
both regimens (cisplatin/vincristine/5-fluorouracil and 
cisplatin/doxorubicin) (Malogolowkin et al. 2008). 
Fifty-five of the 173 randomized patients experienced 
tumor progression or recurrence after initial treatment. 
Eleven (31%) of the 36 patients treated with cisplatin/
vincristine/5-fluorouracil were successfully retrieved 
with a doxorubicin-containing regimen and surgery and 
remained alive at last contact, whereas only one (6%) of 
the 18 patients treated with cisplatin/doxorubicin was 
alive after retrieval therapy. In summary, they concluded 
that doxorubicin is effective in rescuing patients with 
recurrent disease after cisplatin/vincristine/5-fluoroura-
cil treatment and should be incorporated as a means of 
intensifying therapy for advanced-stage, nonmetastatic 
hepatoblastoma.

The current COG study for children with newly 
diagnosed hepatoblastoma (AHEP0731) builds on 
the results of previous North American clinical trials. 
The main hypothesis of this study is that a risk-based 
treatment approach will maintain or improve event-
free survival (EFS), decrease acute and long-term 
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chemotherapy toxicity, and identify new agents in the 
treatment of children with hepatoblastoma. On this 
study, patients with Stage I Pure Fetal Histology hepa-
toblastoma will be treated with surgery only. Patients 
with Stage I non- Pure Fetal Histology hepatoblastoma, 
non-Small Cell Undifferentiated hepatoblastoma, or 
with Stage II non- Small Cell Undifferentiated hepa-
toblastoma will be treated with two adjuvant cycles 
of cisplatin, 5-flouorouracil, and vincristine, while 
patients with Stage I, II Small Cell Undifferentiated 
SCU, or any Stage III hepatoblastoma will be treated 
with an intensified regimen consisting of the addition 
of doxorubicin to the cisplatin, 5-flouorouracil, and 
vincristine combination. All patients with any Stage 
IV hepatoblastoma as well as patients with any stage 
of hepatoblastoma and initial AFP <100 ng/mL will 
be treated with two cycles of “upfront” vincristine/
irinotecan window therapy. Patients who respond to 
vincristine/irinotecan will continue to receive these 
agents, and will receive a total of six cycles of  cisplatin, 
5-flouorouracil, and vincristine and doxorubicin with 
two more cycles of vincristine and irinotecan (total 
of four).

12.3  The SIOPEL Experience (Table 12.2)

The cornerstone of the treatment strategies of the 
SIOPEL group has always been based on a preopera-
tive chemotherapy approach and with the combination 
cisplatin/doxorubicin.

The first trial the group ran – SIOPEL 1 – was a 
 single-arm prospective study which did not include any 
patient stratification by clinical and/or histological 
 characteristics (Pritchard et al. 2000). The study design 
included, after the initial diagnosis, four cycles of 
 cisplatin/doxorubicin (cisplatin 80 mg/m² in 24 h con-
tinuous infusion and doxorubicin 60 mg/m² in 48 h 
 continuous infusion on day 2 and 3) followed by defini-
tive surgery and then by two further cycles of the same 
therapy. One hundred and fifty-four patients were regis-
tered in the study, and 138 received preoperative chemo-
therapy. One hundred and thirteen (82%) showed a 
partial response with tumor shrinkage and serial decrease 
of serum alpha-fetoprotein levels. One hundred and fif-
teen patients had delayed surgery, and 106 had complete 
resection of primary tumor; the 5-year event-free sur-
vival was 66%, and overall survival was 75%. These 

excellent results confirmed the feasibility of the thera-
peutic approach based on preoperative chemotherapy 
and this strategy has continued to be advocated by the 
SIOPEL group for all patients with hepatoblastoma.

This population of children, homogenously staged 
and treated, allowed investigation of clinical prognostic 
factors (Brown et al. 2000). The presence of lung metas-
tases and the extent of tumor at diagnosis as defined by 
the PRETETX system (Aronson et al. 2005) were found 
to be statistically significant factors associated with 
2-year overall survival (p = 0.004 respectively) and 
event-free survival (p = 0.001 respectively). The 2-year 
overall and event-free survival for children without and 
with (lung) metastases were 83% versus 66% and 77% 
versus 32%, respectively. Among the four PRETEXT 
categories, the PRETEXT IV group (i.e., tumor involv-
ing all four hepatic sections at diagnosis) had the worst 
2-year overall and event-free survival (68% and 44%, 
respectively) (Brown et al. 2000; Perilongo et al. 2000). 
At that time, no other clinical or tumor characteristic 
was consistently identified as a potential prognostic fac-
tor for overall and event-free survival. Subsequently, the 
poor outcome for children with a low  alpha-fetoprotein 
at diagnosis was demonstrated to be a further risk factor 
from this study (De Ioris et al. 2008).

The subsequent studies run by the SIOPEL group 
were based on these data and have stratified patients 
according to two risk groups: standard-risk hepato-
blastoma, represented by those tumors exclusively 
limited to the liver involving at most three hepatic sec-
tors (PRETEXT I to III) and with an elevated alpha-
fetoprotein (>100 ng/mL); while all the other patients 
were placed in the high-risk hepatoblastoma.

For children with standard-risk hepatoblastoma, the 
SIOPEL group addressed the issue if Cisplatin (80 mg/
m² in24 h continuous infusion) alone could maintain 
the same outcome for this population of children when 
compared to the combination cisplatin (as per above)/
doxorubicin (60 mg/m² in 48 h continuous infusion on 
day 2&3) as determined by the rate of complete resec-
tion, overall and event-free survival. For this purpose 
and based on the results of pilot studies (– SIOPEL2 – 
which showed the feasibility of this approach) (Perilongo 
et al. 2004), the SIOPEL group conducted a random-
ized prospective trial between 1998 and 2006 to address 
this issue, comparing the standard combination cispla-
tin/doxorubicin to a regimen based on Cisplatin alone 
(Perilongo et al. 2009). The same study design as the 
SIOPEL 1 trial was adopted, which included a 
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preoperative phase with four cycles of the randomized 
regimen followed by definitive surgery and then by two 
postoperative cycles of the same therapy. Two-hundred 
and fifty-five patients from 92 institutions worldwide 
were randomized. The complete resection rates were 
95% and 93%, respectively, in the Cisplatin/doxorubi-
cin and Cisplatin arm, with a 3-year event-free-survival 
and overall survival of 83% (95% CI 77–90%) and 95% 
(95% CI 91–99%) in the CDDP arm and 85% (95% CI 
79–92%) and 93% (95% CI 88–98%) in the Cisplatin/
doxorubicin arm (with a median follow-up of 46 
months). Based on these data, the SIOPEL group con-
cluded that compared with cisplatin plus doxorubicin, 
cisplatin monotherapy achieved similar rates of com-
plete resection and survival for children with standard-
risk hepatoblastoma and thus, doxorubicin can be safely 
omitted (Perilongo et al. 2009). While awaiting further 
refinement of the prognostic profile of this subgroup of 
patients, the SIOPEL group is currently looking into the 
possibility of reducing the cisplatin-related organ toxic-
ity by adding sodium thiosulphate, an oto-protective 
agent, in a randomized setting.

Similar to the approach taken by COG investigators 
in advanced stage hepatoblastoma, the SIOPEL group 
also looked at the impact of an intensive use of platinum-
derived drugs in improving the survival of high-risk 
hepatoblastoma (PRETEXT IV, metastatic disease, low 
alpha-fetoprotein). The SIOPEL 4 study adopted a regi-
men consisting of alternating courses of cisplatin and the 
combination of carboplatin/ doxorubicin (Zsíros et al. in 
press). Of the 151 eligible patients who were entered into 
the trial, 79% had an overall partial response and 76% 
achieved complete resection of the liver tumor either by 
partial hepatectomy (56%) or by liver transplant (21%); 
70% achieved complete resection of both liver and lung 
metastases. In 45% of the patients with PRETEXT-IV, 
the tumor could be completely resected with partial hepa-
tectomy, while 35% of the patients underwent liver trans-
plantation. Fifty-two percent of the patients with initial 
lung metastases achieved complete remission of the lung 
lesions with chemotherapy alone. Event-free and overall 
survival estimates at 3 years were 65% (57–73%) and 
69% (62–77%) for the whole group, for patients with 
PRETEXT-IV tumor 75% and 77%, and for those with 
lung metastasis 57% and 63%, respectively. This is a major 
improvement when compared to the 5-year event-free and 
overall survival obtained in the SIOPEL 1 trial, i.e., 46% 
and 57%, respectively, for patients with PRETEXT IV 
and 28% and 44%, respectively, for children presenting 

with lung metastases (Brown et al. 2000; Perilongo et al. 
2000; Pritchard et al. 2000). In the most recent generation 
of clinical trials directed toward children with advanced 
hepatoblastoma, the SIOPEL group is looking into a fur-
ther intensification in the use of cisplatin, based on the 
weekly administration of the drug.

12.4  Other Regimens

Cisplatin, doxorubicin (as well as other members of 
the anthracycline family, such as epirubicin, and tetra-
hydropyranyl-Adriamycin [Blouin et al. 2004; 
Casanova et al. 2005; Hou et al. 2004; Suita et al. 
2004]), vincristine, 5-fluorouracil, and carboplatin are 
the agents most commonly included in the chemother-
apeutic armamentarium of childhood hepatoblastoma. 
Evidence exists for the inclusion of other agents. 
Ifosfamide has been used in combination with cispla-
tin and doxorubicin by the Study Committee of the 
Cooperative Pediatric Liver Tumor Study HB89 of the 
German Society for Pediatric Oncology and 
Hematology (von Schweinitz et al. 1997). Despite the 
small number of patients entered in this study, the 
treatment results achieved seem similar to those pro-
duced by the larger cooperative groups. Etoposide has 
been used in combination with cisplatin and carbopla-
tin (Casanova et al. 2005; Katzenstein et al. 2002b; von 
Schweinitz et al. 1997). In the North American Trial 
– POG 9345 – children with hepatoblastoma who did 
not respond to an initial course of carboplatin, vincris-
tine, and 5-fluorauracil were candidates to be treated 
with high-dose cisplatin and etoposide (Katzenstein 
et al. 2002b). Out of the 12 patients treated with this 
regimen, 9 (75%) had some response, indicating a 
potential role of this drug combination in treating 
hepatoblastoma. In the most recent German coopera-
tive group trial, nine patients with a high-risk hepato-
blastoma (three with unresectable tumors and six 
presenting with metastases) were treated with two 
courses of carboplatin (800 mg/m2) and etoposide (400 
mg/m2). Patients who had tumor responses received 
one or two courses of high-dose chemotherapy with 
carboplatin (2,000 mg/m2) and etoposide (2,000 mg/
m2) with peripheral stem cells rescue, followed by 
resection of the primary tumor and metastases, when-
ever possible. Six of these nine patients were good 
responders to carboplatin/VP16 and five of these have 
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been reported to be alive with no evidence of disease. 
Only one of three children with no tumor response 
received a liver transplant. In four of the six patients 
presenting with lung metastases, the primary could be 
removed completely or, in one case, they had vanished 
in the computer tomography scan under chemotherapy 
(Häberle et al. 2003). Irinotecan has been shown to 
induce tumor response by SIOPEL and other investi-
gators (Zsiros 2010, personal communication; 
Bomgaars et al. 2007). No other conventional agents, 
used alone or in combination, at standard or high dose 
have been proven to be effective in this neoplasm 
(Cacciavillano et al. 2004).

12.5  Hepatocellular Carcinoma

Due to the rarity of hepatocellular carcinoma (HCC) in 
the pediatric age and its intrinsic chemotherapy resis-
tance (Thomas and Zhu 2005; Varela et al. 2003), the 
history of the clinical research for this tumor is much 
less rich than the one on hepatoblastoma.

12.5.1  The North American Experience

The North American investigators enrolled 46 patients 
with HCC in the prospective randomized trial, INT-
0098, that compared the treatment with cisplatin/dox-
orubicin against cisplatin/vincristine/5-fluorouracil 
regimen (Katzenstein et al. 2002b). Tumor was 
resected successfully upfront only in eight children 
(17%). For the entire cohort, the event-free survival at 
5 years was 19% (SD = 6%). The event-free survival 
for children with a completely resected tumor (stage 
I) was 88% (SD = 12%), for the ones with macro-
scopic residual disease (Stage III) 8% (SD = 5%), and 
for those presenting with metastases 0%. The corre-
sponding 5-year overall survival was similar to the 
event-free-survival: 88%, 23%, and 10%, respectively. 
There was no statistically significant  difference in sur-
vival between both chemotherapy  regimens. Due to 
small numbers, no formal prognostic factors analysis 
was performed, although there was a trend toward bet-
ter survival in patients with initially low AFP level 
(<20 ng/mL). In summary, the study confirmed the 
expected poor prognosis of children diagnosed with 

HCC and that systemic chemotherapy did not make 
unresectable tumors amenable to resection These 
observations confirmed the extreme chemotherapy 
resistance of these tumors and the failure of such ther-
apeutic strategy.

12.5.2  The SIOPEL Experience

The first cooperative clinical trial run by the SIOPEL 
group – SIOPEL 1 – was also open to patients less 
than 16 years of age diagnosed with HCC. The overall 
survival for the 40 patients entered into that trial was 
40% (95% CI 24–55) at 2-years and 28% (95% CI 
14–43) at 5-years (Czauderna et al. 2002). Event-free-
survival at 2-years was 23% (95% CI 10–37%), while 
at 5-years, it was 17% (95% CI 6–30). The extent of 
pretreatment intrahepatic disease, as defined by the 
PRETEXT grouping and metastases were identified as 
predictors of overall survival (hazard ratios 0.16 (95% 
CI 0.04, 0.68) and 1.82 (95% CI 1.01, 3.2)). Presence 
of metastases and vascular invasion in a univariate 
analysis were significant  predictors for event-free sur-
vival, two factors were significant at the 10% level (p 
= 0.0001 and p = 0.08, respectively).

The subsequent SIOPEL Group trial for high-risk 
hepatoblastoma – SIOPEL 2 – including the use 
of  cisplatin alternating with courses of carboplatin/
doxorubicin also enrolled patients with HCC 
(Czauderna et al. 2002). Twenty-one patients diag-
nosed with HCC were registered. Thirteen of the 16 
treated patients received preoperative chemotherapy. 
Partial response to preoperative chemotherapy was 
observed in 6 of the 13 cases (46%) treated. Tumor 
resection was achieved in eight patients (47%) (includ-
ing one liver transplantation). Three of them under-
went primary tumor excision. Six of the eight operated 
patients received between two and ten courses of post-
operative chemotherapy. Nine cases (53%) never 
became operable. One patient was lost to follow-up 
just before planned surgery. Four of the resected 
patients were alive at a median follow-up time of 53 
months (35–73). Twelve patients died due to progres-
sive disease, one from surgical complications. In sum-
mary, even with this more intensified regimen, the 
overall treatment results of HCC patients remained 
extremely poor (22% survival).
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12.6  The German Experience

In the cooperative studies of the German Society for 
Pediatric Oncology and Hematology, childhood HCC 
were submitted to upfront surgery when feasible and 
then treated with the same regimen as the one used for 
patients with hepatoblastoma (von Schweinitz et al. 
1997). In the first study, HB89 (1989–1993) neo-adju-
vant and adjuvant chemotherapy consisted of conven-
tional dosed ifosfamide, cisplatin, and doxorubicin 
without substantial effect. Of the 12 patients enrolled 
in the study only 4 with resectable tumour survived. In 
the second study, HB94 (1994–1998) patients with 
nonresectable HCC received conventional dosed car-
boplatin and etoposide in addition to Ifosfamide, cis-
platin, and doxorubicin (von Schweinitz et al. 1997). 
This regimen showed a short-term partial effect. Of the 
25 patients entered in the study, 5 had complete upfront 
tumor resection (Stage I), 9 had nonresectable tumors 
(Stage III), and 11 had metastases at diagnosis. A total 
of eight patients were alive without evidence of dis-
ease (8/25 = 32%, 4 Stage I, 3 Stage III, and 1 Stage 
IV). In the most recent study, HB99,  nonresectable 
HCC is treated  neo-adjuvantly with conventional dosed 
and high-dosed carboplatin and etoposide (Häberle 
et al. 2003 May-Jun). Since 1999, 33 patients were 
entered in the study. Seven patients with primary com-
plete resection, one of two patients with primary 
microscopic residual disease, and all of six with pre-
sumed tumor spillage at primary operation are alive 
and disease free. All five patients with unresectable 
tumour as well as 8 of 11 with metastases at diagnosis 
died of disease. Of the remaining three patients, one is 
still undergoing therapy and two are alive at the time of 
last follow-up. Carboplatin and etoposide seem to have 
activity against HCC; however, the outcome for these 
patients remains dismal.

12.6.1  Other Experiencees

A large study from Taiwan of 55 children with HCC 
showed even worse results with only two long-term 
survivors and resectability rate at diagnosis of 10% 
(Chen et al. 1998). However, this population of patients 
was different from the one in the SIOPEL or the North 
American Intergroup studies as virtually all of them 

had hepatitis B infection and 75% had liver cirrhosis. 
In this group of children, neither standard systemic 
chemotherapy nor transhepatic arterial embolization 
was successful. Thus, most children received support-
ive treatment only. Average duration of survival in 
nonresectable cases was 8–18 weeks.

Other pediatric HCC reports deal with very small 
number of nonuniformly treated cases, and hence are 
difficult to interpret (Ahn et al. 2001; Chang 1998; 
Tagge et al. 1992).

In summary, although chemotherapy has demon-
strated some activity against childhood HCC, it has not 
significantly increased tumor resectability and there-
fore, it has not altered the outcomes for these patients.

Promising data, coming from adult experiences on 
HCC, on biologically driven therapy are expected to be 
reproduced in children. Reference is made mainly to 
sorafenib, a broad-spectrum tyrosine kinase inhibitors, 
for which there is now robust evidence in favor of its 
role in patients with advanced HCC with preserved 
liver function (Verslype et al. 2009).

12.6.2  Overall Conclusive Remarks

Systemic chemotherapy has been proven to be quite 
effective for the treatment of hepatoblastoma, while 
for childhood HCC it is of limited benefit. It is diffi-
cult to anticipate significant improvement in the prog-
nosis of both these tumors by further refinement of 
this treatment modality. At this time, investigators of 
all cooperative groups are working in identifying 
prognostic factors based on clinical, histological, and 
biological characteristics that can help risk stratify 
patients and therefore tailor therapy more effectively 
in hopes to improve survival and reduce treatment-
associated long-term side effects. In order to continue 
to improve outcomes of children diagnosed with these 
tumors, the development of novel, effective, and less 
toxic therapies are needed. International cooperation 
will be key for further advancements in the outcomes 
of these rare tumors.
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13.1  Failures in Hepatoblastoma

The introduction of cisplatin-based chemotherapy in the 
1980s resulted in a dramatic improvement in the sur-
vival of children affected by hepatoblastoma (HB). 
Large (inter)national studies conducted in the last  
3 decades have provided solid evidence for the efficacy 
of neo-adjuvant and/or adjuvant chemotherapy in 
improving resectability and survival, and pre- and/or 
postoperative chemotherapy has become an essential 
part of the treatment strategy for all patients (Ortega 
et al. 1991, 2000; Perilongo 1999, 2000; Sasaki et al. 
2002; Von Schweinitz et al. 1997). The importance of 
complete surgical resection of all (residual) tumor lesions 
(after preoperative chemotherapy), as prerequisite for 
cure, is highly appreciated (Czauderna et al. 2005, 2006; 
Otte et al. 2004, 2005; Schnater et al. 2002; Von 
Schweinitz et al. 1987, 1995). The prognosis of patients 
with localized, resectable disease at diagnosis is very 
good with administration of limited amount of chemo-
therapy and tumor resection with partial hepatectomy 
(Haberle et al. 2003; Ortega et al. 2000; Perilongo et al. 
2004, 2009). The use of intensive neo-adjuvant chemo-
therapy and aggressive surgery (liver transplantation and 
[multiple] metastectomy, if necessary), leads to a strongly 
improved survival of patients with locally advanced or 
metastatic disease (Katzenstein et al. 2002a; Zsíros et al. 
2010). Most recent data from the large cooperative stud-
ies  confirm that chemotherapy can be successfully 
 stratified according to the presence of initial risk factors 
giving us the possibility to limit the (long-term) toxicity 
of chemotherapy in patients with good prognosis (Brown 
et al. 2000; Fuchs et al. 2002; Malogolowkin et al. 2008; 
Ortega et al. 2000; Perilongo et al. 2004, 2009).

Despite the improving results, in a significant 
 number of patients, the treatment of HB remains 
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challenging and patients may fail to achieve cure 
with standard treatment alone. The main clinical situa-
tions in which salvage therapy can be considered are: 
(a) progressive disease or (b) unresectable, refractory 
disease, both on first line treatment and (c) recurrent 
 disease. Most of the patients who experience progres-
sion or recurrence initially have a high risk of advanced 
disease or unfavorable biological features (low APF, 
small cell undifferentiated HB histology) (De Ioris 
et al. 2007; Haas et al. 2000; Zsíros et al. 2010).

Although, we have learned from the large coopera-
tive studies that the prognosis for children with pro-
gressive disease or with unresectable, viable, refractory 
residual tumor during first line treatment is dismal 
(Haberle et al. 2008; Katzenstein et al. 2002a; Zsíros 
et al. 20100), the prognosis of patients with recurrent 
disease is much less known. Only very little data are 
available in the literature on patients with recurrent 
disease regarding the applied treatment strategy and 
the outcome.

Feusner et al. reported that 6 of 33 patients with 
initial stage 1 tumor experienced a tumor relapse 
 confined to the lung, and 3 of the 6 patients were long-
term survivors after a pulmonary metastasectomy 
(Feusner et al. 1993).

Matsunaga reported on 12 of 134 patients who 
experienced recurrence (four liver, eight lung) after 
treatment according to the JPLT-1 protocol. All 12 
patients were treated with chemotherapy and 11 under-
went surgery. Nine patients had NED at last follow-up 
(13–106 months; four with liver relapse, five with lung 
metastases). Chemotherapy varied greatly among the 
patients (cyclophosphamide + THP-adriamycin + cis-
platin ± etoposide; ifosfamide + etoposide; carbo-
platin + etoposide; high-dose melphalan; ifosfamide + 
carboplatin, THP-adriamycin + etoposide; carbopla-
tin + etoposide + THP-adriamycin). All four patients 
with liver relapse received chemotherapy and under-
went radical tumor resection and were cured. Complete 
surgical resection was performed in six cases with uni-
lateral pulmonary relapse. Five of them were alive and 
well more than a year after recurrence. One patient 
experienced a second relapse and died. Patients with-
out complete resection died. In five of seven cases who 
were treated with chemotherapy before or without 
 surgery, chemotherapy was not effective in reducing 
tumor size. The authors conclude that surgical resec-
tion of recurrent tumor is necessary to achieve cure but 
not always sufficient (Matsunaga et al. 2003).

Meyers et al. described 20 patients who experi-
enced pulmonary relapse of their tumor (two initial 
stage I, nine stage III, nine stage IV). Twelve patients 
also had tumor relapse at other sites including the 
liver, mediastinum, or bone. All 20 patients had sal-
vage chemotherapy, and 13 underwent at least one 
thoracotomy. In only eight of the patients did the thora-
cotomy achieve complete eradication of all radiograph-
ically identifiable relapse disease. Only three of these 
eight children were long-term survivors. Five of the 
13 lung resection patients had persistent tumor present 
postoperatively in either lung, liver, or bone. Only one 
of these five children was a long-term survivor (Meyers 
et al. 2007).

Semerano et al. analyzed the clinical and follow-up 
data of patients who experienced a first relapse after 
having been enrolled on one of the previous SIOPEL 
studies. Fifty-six (7.4%) relapsed, with a median time 
from initial diagnosis to relapse of 21 months (2–116 m). 
The site of relapse was: liver in 21 patients, lung metas-
tases in 27, both liver and lung in 3, and other sites 
in 3. At initial diagnosis 33 patients had high risk HB 
(including 17 patients with lung metastases). The 
relapse treatment strategy included surgery and che-
motherapy for 25 patients, surgery alone for 7, chemo-
therapy alone for 17, and only  palliative treatment in 5 
(2 unknown). Thirty-four patients (61%) achieved a 
second complete remission (CR). With a median  
follow-up of 46 months, 26 patients were alive (20 in 
second CR, 6 after a further relapse including 4 patients 
alive with disease) and 30 patients died (28 from dis-
ease and 2 from complications). Three year event-free 
survival and overall survival (OS) were respectively 
26% and 38%. Only three patients are alive without 
surgery (Semerano et al. 2009).

As demonstrated by the above reports, currently, no 
standard treatment is available for these patients and 
no consensus exists on the best treatment modalities. 
Due to the rarity of the cases, most patients receive 
individual therapy regimens with different drugs and 
schedules based on the decision of the local physician. 
Children are treated in many different centers and data 
on clinical features, applied treatment strategy, and 
response to therapy are not collected systematically. 
This prevents the accumulation of sufficient knowl-
edge and experience with the management of this dif-
ficult problem and makes the launching of a common 
worldwide study for patients with refractory or recur-
rent HB an urgent need.
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13.2  Salvage Modalities

Based on the literature data, unpublished clinical expe-
rience existing within the large cooperative groups, 
and the principles learned from and applied in the first-
line treatment, the following general rules can be 
drawn for salvage situations. In the salvage treatment 
both treatment modalities (chemotherapy and surgery) 
has to be considered. The timing of the modalities 
depends mainly on two factors: the actual tumor status 
and the previous treatments given.

Complete eradication of the tumor (primary and 
metastatic), similar to the first line treatment, is a 
 prerequisite for cure, which makes an aggressive sur-
gical approach necessary and justified. For locally 
 unresectable tumors LTX has to be considered early in 
the treatment. For the eradication of residual lung 
 metastasis/recurrences, multiple thoracotomies may 
be necessary. In some cases, small residual lesions rep-
resent merely posttreatment changes without vital 
tumor cells. In case of doubt, (multiple) biopsies can 
help to prove viable tumor residuals.

In patients with unresectable disease, the adminis-
tration of chemotherapy is inevitable and the only 
option to achieve clearance or resectability of the 
lesions. Second line or salvage chemotherapy, prefer-
ably with drugs that were not used in the initial treat-
ment, result in objective response in a significant 
number of the patients, which can be sufficient to 
achieve resectability. Additionally, effective chemo-
therapy also decreases the chance of a new recurrence 
after radical resection. These arguments make the use 
of chemotherapy in the salvage setting reasonable even 
when radical resection can be done.

13.3  Chemotherapeutic Agents  
in Salvage Treatment

The armamentarium of HB treatment is limited to a 
few drugs. From these drugs, only a few have been 
tested for activity in HB as single agent. For cisplatin, 
doxorubicin, and carboplatin, literature data provide 
solid evidence for antitumor activity (Black et al. 1991; 
Champion et al. 1982; Douglass et al. 1985; Katzenstein 
et al. 2002a; Lockwood et al. 1993, Neglia and Woods 
1986). The other drugs have never been tested as single 

agent in HB since they have been used only in combi-
nations with other drugs, mainly with cisplatin 
(Douglass et al. 1993; Evans et al. 1982; Von Schweinitz 
et al. 1997).

Cisplatin is the most active drug in HB and is exten-
sively used in all first-line regimens. Due to the consid-
erable and cumulative toxicity of cisplatin, and the 
observed or assumed development of drug resistance 
against cisplatin, the administration of this drug is 
mostly limited to first-line treatment.

Carboplatin has a clear activity in HB and has a 
different toxicity profile from cisplatin which makes it 
a good candidate for use in a multidrug combination 
(Katzenstein et al. 2002a). It is important to realize, 
however, that its antitumor activity in HB is lower than 
that of cisplatin (Blouin et al. 2004; Dall’Igna et al. 
2001; Fuchs et al. 1998; Malogolowkin et al. 2006). 
Due to its proven activity in primary HB, the fact that 
it is used less extensively in the first-line regimens, and 
its ability to be administered for patients with decreased 
glomerular function, carboplatin is a good candidate 
for second-line treatment. Little is known, however, 
about its antitumor activity in patients with recurrent 
or progressive disease who previously received cispla-
tin-containing chemotherapy.

Doxorubicin is assumed to be the second most effec-
tive drug in HB with proven activity as a single drug. In 
some early studies, it has been extensively used in first 
line treatment for all patients (Pritchard et al. 2000; 
Ortega et al. 1991). Recent data show, however, that 
patients with standard risk or resectable localized disease 
can be cured with an excellent prognosis without doxo-
rubicin treatment. In the current treatment protocols, the 
administration of doxorubicin is limited to patients with 
high risk or advanced HB, reducing the long-term toxic-
ity in patients with standard risk or resectable localized 
disease (Malogolowkin et al. 2008; Perilongo et al. 
2009). This provides the opportunity to use doxorubicin 
in the second line (salvage treatment) for patients who 
have not received this drug previously.

In HB, etoposide is used almost exclusively in com-
bination with other drugs (mostly with carboplatin) 
and only in second-line treatment. This is presumably 
caused by the fact that no sufficient data exist on its 
activity as single agent in HB.

The activity of the combination carboplatin ± 
etoposide (CARBO/VP16) in HB is better character-
ized. In the German Cooperative Pediatric Liver Tumor 
HB-99 study, patients with newly diagnosed high-risk 
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HB were first treated with two courses of carboplatin 
(800 mg/m2) and etoposide (400 mg/m2). The reported 
response rate was 84% (Haeberle 2008). The activity 
of the combination carboplatin+ etoposide in patients 
with advanced or recurrent disease was first described 
by Fuchs et al. In the HB-89 study, 14 children with 
recurrent or advanced HB were additionally treated 
with CARBO/VP16, the reason being observation of 
drug resistance after four or more courses of ifosf-
amide, cisplatin, adriamycin (IPA) therapy. Two patients 
underwent CARBO/VP16 chemotherapy for advanced 
HB at first operation: all were alive and well. Five 
patients with local relapse and/or distant metastases 
responded partially to CARBO/VP16 therapy, and a 
complete remission was achieved in one patient. In five 
patients, progressive disease was observed during ther-
apy with CARBO/VP 16. One patient, with stable dis-
ease on CARBO/VP16 chemotherapy, had a successful 
resection. Acute toxicity of chemotherapy was observed 
in seven patients (50%). Tumor resection was attempted 
in 13 children but, in only three cases, was a complete 
tumor resection achieved in one operation. Seven of 
the patients (50%) were in remission at last follow-up 
(Fuchs et al. 1999a). In the subsequent HB 94 study, 
the authors reported on eighteen children with advanced 
or recurrent HB who underwent VP16/CARBO che-
motherapy, with a response achieved in 12 children 
(Fuchs et al. 2002). Although, in both reports, the lim-
ited number of patients and the lack of important clini-
cal data prevent the full understanding of the exact role 
of this combination in the salvage situation, the data 
suggest that some patients may benefit from the use of 
CARBO/VP16 with acceptable toxicity.

In the most recent SIOPEL trial for high-risk HB 
(SIOPEL-4) two cycles of Carboplatin (AUC 10.6 mg/
mL.min) + doxorubicin (75 mg/m2) were used as sal-
vage treatment for those patients whose tumor remained 
unresectable after initial chemotherapy with cisplatin 
(560 mg/m2) and doxorubicin (180 mg/m2). The study 
was recently completed, and results regarding response 
and resection rate in this salvage situation are awaited.

Irinotecan (CPT-11), a semisynthetic topoisomerase-I 
inhibitor, is an important and attractive new chemo-
therapeutic agent that can be used in the treatment of 
(relapsed or refractory) HB.

Irinotecan demonstrated high activity against  
a broad spectrum of malignancies, including different 
childhood tumors, both in preclinical xenograft mod-
els for rhabdomyosarcoma, neuroblastoma, primitive 

neuroectodermal tumor, medulloblastoma, ependy-
moma, and malignant glioma (Hare et al. 1997; 
Thompson et al. 1997a, b; Vassal et al. 1996, 1997; 
Furman et al. 1999) and in subsequent clinical phase  
I and II studies for newly diagnosed and recurrent 
rhabdomyosarcoma, neuroblastoma, and brain tumors 
(Blaney et al. 2001; Bomgaars et al. 2007; Cosetti et al. 
2002; Furman et al. 1999; Mugishima et al. 2002; 
Raymond et al. 2003; Shitara et al. 2006; Turner et al. 
2002; Vassal et al. 1998, 2003, 2007, 2008).

A variety of schedules of irinotecan administration 
has been used in the preclinical and clinical phase I–II 
studies. Data suggest that the efficacy of irinotecan is 
strongly schedule dependent and that smaller doses 
of irinotecan administered repeatedly may result in 
greater antitumor activity than large doses adminis-
tered intermittently (Furman et al. 1999; O’Leary et al. 
1998; Pazdur et al. 1998; Vassal et al. 1997, 2007). 
Accordingly, a protracted schedule of intravenous iri-
notecan administration ([every day ×5] ×2) has been 
associated with better disease response. However, the 
optimal schedule of administration of irinotecan in 
 different childhood tumors remains uncertain.

The phase I–II trials with different dose regimens 
have extensively evaluated the toxicity and safety of iri-
notecan both in adults and children (Blaney et al. 2001; 
Bleiberg et al. 1996; Hecht et al. 1998; Langevin et al. 
1998; Saliba et al. 1998; Vassal et al. 2003, 2007, 2008). 
Depending on the schedule, the primary dose-limiting 
toxicity is diarrhea and myelosuppression, where diar-
rhea is associated with the protracted schedule.

In the early pediatric trials, one patient with HB was 
reported to have a complete response, and another 
heavily pretreated patient with refractory HB had a 
one-log reduction in AFP level after three cycles 
(Blaney et al. 2001; Bomgaars et al. 2007).

In the last years, the SIOPEL group conducted a 
prospective multicenter phase II study in children with 
refractory or recurrent HB to assess the clinical activity 
of irinotecan in HB and test the feasibility of irinotecan 
single drug treatment as salvage therapy. Irinotecan 
was administered on a prolonged schedule: 20 mg/m2/
day i.v. infusion (60 min) daily for 5 consecutive days, 
followed by 2 days off, for 2 weeks out of 3 ([(d5)2]2×). 
Patients were treated with a total of four courses of iri-
notecan as single agent chemotherapy unless tumor 
progression occurred or resectability of the tumor is 
achieved. Twenty-five patients were included. The pre-
liminary results show that irinotecan has significant 
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antitumor activity with acceptable toxicity in patients 
with relapsed hepatoblastoma, making irinotecan a 
very attractive drug for use in salvage chemotherapy 
(Zsiros et al. 2009). Detailed analysis of the study is 
under way.

A few case reports further underline these encour-
aging results.

Katzenstein reports on three patients who were 
treated with irinotecan. The first paient was treated for 
a second pulmonary relapse with 20 mg/m2 × 5 days for 
2 weeks. He had a decline in the AFP level, demonstrat-
ing efficacy, and then underwent resection of the tumor 
lesion. Postoperatively, the patient continued to receive 
irinotecan for a total of 22 cycles. One month after dis-
continuation of irinotecan, a recurrent tumor has been 
detected that was unresectable. Despite new chemo-
therapy, the patient died of tumor progression. The sec-
ond patient experienced a recurrence after treatment for 
a stage I HB. For the relapse, for an unresectable tumor 
with extrahepatic growth, chemotherapy was initiated 
with cisplatin, carboplatin, etoposide, doxorubicin, and 
cyclophosphamide. After three cycles, progression was 
observed and treatment with irinotecan was started  
(65 mg/m2 × 5 days, every 3 weeks). The patient’s clini-
cal status improved dramatically and the AFP level 
declined promptly. After 12 courses, the tumor showed 
shrinkage and there was no evidence of extrahepatic 
disease. The patient underwent liver transplantation 
(LTX). Four month after LTX, a new relapse (in the 
liver and lungs) was detected and the patient died of 
tumor progression. The third patient had initial stage IV 
disease and was treated with cisplatin and carboplatin 
followed by resection of the primary tumor and the 
remaining lung lesions. The treatment was completed 
with tandem high-dose chemotherapy (HDT) and 
peripheral blood stem cell transplantation (PBSCT) 
rescue. Six months after the second HDT, the patient 
experienced a relapse in the lungs and mediastinum. 
The patient was then administered irinotecan (50 mg/
m2 × 5 days) and had a decrease in the AFP level. After 
11 cycles of irinotecan, her AFP level was normal and 
had no evidence of disease (Katzenstein et al. 2002b).

Palmer et al described a child with multiply relapsed 
HB who previously received multiple, intensive che-
motherapy regimens. His AFP level fell dramatically 
in response to single agent irinotecan treatment (600 
mg/m2/day at 3 weeks interval). After six courses the 
APF level normalized. He received in total eight 
courses and remained in remission for more than  

7 months off treatment (follow-up time). After the first 
course, he experienced nausea, vomiting, and abdomi-
nal cramp, but the other cycles were exceptionally well 
tolerated (Palmer and Williams 2003).

Ijichi et al. described a heavily pretreated patient 
with relapsed HB after LTX who was treated with iri-
notecan (35 mg/m2 daily for 3 days/week for 2 con-
secutive weeks, and repeated every 28 days). After four 
courses of irinotecan, metastatic lesions were remark-
ably reduced in size, and the serum level of AFP 
decreased from 0.7 million to 927 ng/mL. Diarrhea and 
neutropenia were observed as side effects. After the 
sixth cycle AFP level began to rise. These results sug-
gest that irinotecan may be safely given to a patient 
with relapsed HB after LTX without serious side effects 
(Ijichi et al. 2006).

In the report of Qayed, patient 1 presented with  
stage IV HB with unresectable primary tumor and was 
treated with standard chemotherapy and tumor resection. 
CR was achieved. Seven month off therapy a recurrence 
in the liver was detected. He received one cycle of ifosf-
amide, carboplatin, and etoposide with only a transient 
decline in the AFP and therapy was switched to iritnote-
can (20 mg/m2/day × 5, after two courses 50 mg/m2) and 
VCR (1.5 mg/m2/day) in 3 week cycles. After three 
cycles, 60% decrease of the tumor size was observed 
and the AFP declined. The patient underwent LTX 
and 2 months posttransplant the AFP normalized. 
Subsequently, the patient received 15 cycles of oral iri-
notecan + VCR. The patient remained relapse free for 
the follow-up time (8 month off therapy). Patient 2 had 
stage IV disease and was treated with standard first-line 
treatment. AFP was normal following four cycles but the 
primary tumor remained unresectable and there was per-
sistence of pulmonary lesions. His therapy was aug-
mented to include irinotecan (50 mg/m2/day × 5) and 
VCR (1.5 mg/m2). No decrease in tumor size or decline 
of the AFP was observed. A right thoracotomy was per-
formed with resection of 16 pulmonary nodules, and no 
evidence of viable tumor at histology was found. For the 
primary tumor, a partial hepatectomy has been done with 
negative margins. Patient no 3 had stage IV disease 
and was treated with standard first-line chemotherapy. 
Six months off therapy pulmonary and mediastinal 
recurrence was detected and irinotecan therapy was 
started (50 mg/m2/day × 5). AFP normalized and radio-
logical findings resolved following two cycles. A total of 
32 cycles were given over 2 years. She remained in CR 
for the follow-up of 6 years (Qayed et al. 2010).
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Based on these results, irinotecan can be highly rec-
ommended for the treatment of recurrent, refractory or 
progressive HB. In case of good tumor response, 
repeated administration of irinotecan should be consid-
ered. Whether prolonged (maintenance) treatment after 
tumor clearance is reasonable and contributes to an 
improved survival remains unknown and requires fur-
ther study. Although Katzenstein and Qayed reported 
that prolonged administration of irinotecan was well 
tolerated in heavily pretreated children, the efficacy of 
long-term maintenance use of irinotecan is difficult to 
assess in such a limited series (Katzenstein et al. 2002b; 
Qayed et al. 2010) and has to be explored further.

The combination of irinotecan and vincristine is well 
tolerated and has shown better activity in rhabdomyo-
sarcoma than irinotecan alone (Pappo et al. 2007). These 
data and the sporadic observations in HB make the use 
of this combination attractive and reasonable in a sal-
vage situation, although, due to lack of sufficient data, 
no evidence-based support can be given for this 
approach. Ongoing and upcoming studies investigate 
the role of this combination, and results are awaited.

Topotecan, another topoisomerase I inhibitor, dem-
onstrated in-vitro and clinical activity in various child-
hood tumors and is increasingly used, either alone or in 
combination, in both first and second-line setting in the 
treatment of many pediatric tumors. Based on preclinical 
observations, it could also be an interesting drug in HB 
(McCrudden et al. 2002; Nitschke et al. 1998; Warman 
2001; Zhang et al. 2008). However, no data have been 
published yet on clinical use of topotecan in HB.

13.4  High-Dose Chemotherapy

The efficacy of high-dose (HD) chemotherapy followed 
by autologous stem cell rescue has been increasingly 
studied and used in the last decades in various child-
hood malignancies. As a result, HD chemotherapy has 
been established as part of the standard treatment strat-
egy (first or second line) for some childhood tumors. In 
HB, the role of HD chemotherapy – either as first line 
or as salvage treatment – is unknown. Based on the 
assumption that the development of drug resistance 
against cisplatin and/or other drugs during neo-adjuvant 
treatment may play a role in treatment failures, it would 
seem an attractive strategy to use HD chemotherapy as 
part of the salvage strategy.

The issue of HD chemotherapy in HB has been 
addressed only in very few studies and in rather differ-
ent clinical situations.

The multicentric prospective study HB99 of the 
German Society for Pediatric Oncology and Hema-
tology (GPOH) attempted to improve the results in high-
risk patients by using HD chemotherapy as part of the 
first-line treatment. Patients with unresectable multifo-
cal tumors or infiltration of large vessels and patients 
with distant metastases at diagnosis were considered 
high-risk. First, they were treated with two courses of 
conventional dose carboplatin (800 mg/m2) and etopo-
side (400 mg/m2). In case of tumor response, one or two 
courses of high-dose carboplatin (2,000 mg/m2) and 
high-dose etoposide (2,000 mg/m2) were adminis-
tered with autologous peripheral stem cell rescue. 
Chemotherapy was followed by delayed surgery or 
liver transplantation. Nonresponders were treated with 
salvage chemotherapy containing ifosfamide, cisplatin, 
and doxorubicin (IPA). Twenty-one of the 37 high-risk 
patients received HD chemotherapy with a response 
rate of 75%. In 13 patients the tumor could be com-
pletely resected (60%). Twelve of the 21 patients sur-
vived tumor free (57%). After HD chemotherapy, 
thrombocytopenia and neutropenia was seen in 80% 
and 90% of the courses, respectively. Mucositis and 
temporary elevation of liver enzymes occurred in 30% 
and 27%, respectively. The rate of the gross total tumor 
resection was 70% (26/37) and 54% (20/37) for micro-
scopical complete resection. The tumor-free survival of 
all high-risk patients was 51% (19/37).

The authors concluded that the overall results were 
comparable to those of other cooperative studies, and 
no special benefit of high-dose carboplatin/etoposide 
chemotherapy was observed in comparison to conven-
tional-dose cisplatin-containing chemotherapy (Haberle 
et al. 2008).

In the POG 9345 study, patients with stage III or IV 
HB were initially treated with one cycle of carboplatin 
alone (700 mg/m2) and three cycles of carboplatin 
(700 mg/m2), vincristin (1.5 mg/m2, weekly, 3×), and 
 5-fluorouracil (3,000 mg/m2). For those patients whose 
tumor remained unresectable high-dose (HD) cisplatin 
(200 mg/m2) and etoposide (300 mg/m2) were adminis-
tered for a total of two courses. Of the 33 patients  
(22 stage III, 11 stage IV) 12 received high-dose cispla-
tin. Of these 12 patients (six stage III, three stage IV), 9 
had partial response and two experienced progressive 
disease. Five patients underwent complete tumor 
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resection and achieved CR. All five were free of tumor 
at last follow-up (minimum 5.5 years). Among the 12 
patients who received HD cisplatin, 5-year EFS was 
42% ± 14%. The 5-year EFS estimates for the whole 
group (33 patients) was 59% ± 11% for stage III and 
27% ± 16% for stage IV disease, respectively. These 
results are comparable or even inferior to the results of 
other cooperative studies that use conventional-dose 
cisplatin, suggesting that the use of HD cisplatin – at 
least within this treatment strategy – does not provide 
benefit for these patients (Katzenstein et al. 2002a).

In the first prospective multicenter trial in children 
with refractory or recurrent HB, the SIOPEL group 
assessed the efficacy of HD cyclophosphamide in 
17 patients who failed on or after treatment with 
SIOPEL-1 or -2 protocols (9 patients with progressive 
disease, 2 with refractory unresectable disease, and 6 
with recurrent disease, all heavily pretreated with cispl-
atin-containing chemotherapy). Patients were treated 
with one to four cycles of HD cyclophosphamide  
 (4 mg/m2) until progression occurred. Only one patient 
responded, achieving PR after two cycles and CR after 
three cycles. One patient had SD after two cycles. All 
patients died, 17 of disease progression, 1 patient of sur-
gical complication. The low response rate and the severe 
side effects demonstrated that this approach is not use-
ful and feasible in the treatment of heavily pretreated 
recurrent or refractory HB (Cacciavillano et al. 2004).

A number of case reports provide some information 
on sporadic use of HD chemotherapy in individual 
patients.

Hara et al. reported on four patients with HB (within 
a group of 28 patients in total with “high risk” solid 
tumor) who received HD chemotherapy and autolo-
gous stem cell rescue. Patients received a double- 
conditioning regimen, consisting of two cycles of a 
combination of thiotepa (300–600 mg/m2) plus mel-
phalan (70–150 mg/m2) with a 1-week interval, fol-
lowed by a single grafting. Although the procedure 
was tolerable, renal toxicity and mucositis (predomi-
nant toxicity) was significant and occasionally severe. 
Treatment-related deaths in the whole group was 
7% (fungal pneumonia and renal tubular acidosis). 
One patient with a third relapse of HB (no other 
 chemotherapy given for this relapse) showed PR but 
experienced further progression and ultimately died 
of disease. The other three children who initially 
had localized HB (stage II and III) were treated previ-
ously with conventional chemotherapy and underwent 

partial hepatectomy, but did not achieve CR, which 
was the reason for inclusion in the HD program. 
Unfortunately, no information is given in the report 
regarding the cause of not being in CR (microscopic or 
macroscopic residual disease or elevated AFP). After 
HD therapy, all three patients achieved CR and 
remained tumor free for the last follow-up (19, 34, and 
50 months, respectively). Although, this report under-
lines the experience that even heavily pretreated 
patients can demonstrate some response to (new) 
drugs, it is, due to lack of essential information, impos-
sible to judge the specific value of high-dose treatment 
in this situation (Hara et al. 1998).

Yoshinari reported on a 9-month-old boy with 
stage III B hepatoblastoma of caudate lobe origin. 
Surgical resection was attempted following six courses 
of chemotherapy, but viable tumor cells remained 
microscopically at resection margins. Subsequently, 
the patient received HD chemotherapy consisting of 
carboplatin, etoposide, tetrahydropyranyl adriamycin, 
and melphalan followed by peripheral blood stem cell 
transplantation (PBSCT). The patient showed no local 
or metastatic relapse without any further chemother-
apy. The authors concluded that PBSCT for patients 
with postoperative residue may improve the outcome 
of advanced HB (Yoshinari et al. 1998). This conclu-
sion needs, however, some comments. The SIOPEL 
group has repeatedly shown in large prospective stud-
ies that microscopical residual disease after liver resec-
tion without any other residual disease does not have 
an unfavorable effect on (event free) survival (Perilongo 
et al. 2004, 2009, Warmann et al. 2001, 2010). These 
patients have an excellent prognosis and do not need 
any additional treatment for the microscopical residue 
in the liver. Accordingly, the use of HD chemotherapy 
in this situation does not seem to be justified and its 
value in improving survival cannot be judged with 
these data.

Katzenstein et al. described three children who 
received HD chemotherapy with autologous stem 
cell rescue. The first patient had a localized HB, 
stage II, and was treated with tumor resection and 
adjuvant chemotherapy. The patient achieved CR, 
but 1 month after the completion of therapy AFP 
began to rise, although no recurrent lesion could be 
detected on imaging studies. Chemotherapy was ini-
tiated with etoposide, ifosfamide, and carboplatin 
which resulted in a decrease of AFP. The patient then 
underwent tandem HDT with PBSCT rescue. After 
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the administration of the first HDT regimen (etoposide 
2,400 mg/m2, carboplatin 2,000 mg/m2, and cyclo-
phosphamide 3,600 mg/m2), the patients developed 
neurological symptoms, and the presumptive diagno-
sis of Guillain–Barre syndrome was made. The second 
regime was given 1 month after the first one and con-
sisted of thiotepa (900 mg/m2) and cyclophosphamide 
(6,000 mg/m2). Two years after the HDT, the patient 
presented with a solitary lung nodule, and underwent 
surgical resection (histology: viable HB). After resec-
tion, AFP returned to normal without any further treat-
ment and the patient remained tumor free until the last 
follow-up (5.5 years). The second patient was initially 
treated for stage IV HB including resection of the liver 
tumor. Due to residual tumor in the lung the patient 
underwent tandem HDT with PPBSCT rescue. The 
first regimen (etoposide 2,400 mg/m2, carboplatin 
2,000 mg/m2, and cyclophosphamide 3,600 mg/m2) 
caused mild neuropathy. The second regimen was 
given 1 month later (thiotepa 900 mg/m2 and cyclo-
phosphamide 180 mg/kg). Three month after the sec-
ond HD treatment the patient was diagnosed with a 
recurrent lung lesion. The third patient had initial stage 
IV disease and was treated with cisplatin and carbopla-
tin followed by resection of the primary tumor and the 
remaining lung lesions. The treatment was completed 
with tandem HDT and PBSCT rescue. The two regi-
mens consisted of etoposide (2,400 mg/m2) + carbo-
platin (2,000 mg/m2) + cyclophosphamide (3,600 mg/
m2) and melphalan (180 mg/m2) + cyclophosphamide 
(6,000 mg/m2), respectively. Six month after the sec-
ond HDT, the patient experienced a relapse in the lungs 
and mediastinum (Katzenstein et al. 2002b).

In the paper of Nishimura, three patients with meta-
static HB are described who received HD chemother-
apy with autologous bone marrow rescue. In patient 1, 
who had an initial stage IV disease, treated with pri-
mary surgery and six cycles of adjuvant chemotherapy, 
HD chemotherapy was given at first pulmonary relapse 
after resection of the pulmonary metastases and exten-
sive conventional-dose chemotherapy with different 
combinations (one cycle of carboplatin, doxorubicin, 
and etoposide, two cycles of cisplatin, 5-fluorouracil, 
cyclophosphamide, and etoposide, and one cycle of 
etoposide and ifosfamide). The patient developed a 
new pulmonary relapse 6 months after HD chemother-
apy and was than treated by resection of the metasta-
sis. About 30 months later, the child developed a new 
lung metastasis that was resected surgically. At both 

relapses after HD chemotherapy vital tumor cells have 
been found in the resected tumor. After the last thora-
cotomy, the child has been without tumor for more 
than 6 years (last follow-up). The second patient pre-
sented initially with multiple pulmonary metastases. 
He was treated with seven cycles of conventional che-
motherapy (cisplatin, doxorubicin, carboplatin, and 
etoposide) and gross resection of the primary tumor 
and the metastases. His treatment was completed with 
HD chemotherapy (melphalan, L-PAM/VP-16/5-FU) 
with A-BMT. At the time of transplant his AFP was 
20 ng/mL. However, 1 month later, a new pulmonary 
lesion was detected with elevated AFP and the child 
underwent excision of pulmonary metastasis (histol-
ogy showed vital tumor). Although, his AFP level 
decreased to  normal and no other metastases were 
detected on the CT scan, a second round of HD che-
motherapy (DOX/CDDP/5-FU) was given. The patient 
had no evidence of recurrent disease during the 6 years 
after his second A-BMT. Patient 3, with initial multiple 
pulmonary metastases, has achieved CR with six cycles 
of conventional dose chemotherapy (cisplatin, doxoru-
bicin, carboplatin, and etoposide) and resection of the 
liver tumor. The initial lung metastases were com-
pletely cleared by neo-adjuvant chemotherapy (three 
cycles). Despite CR he received HD chemotherapy 
(doxorubicin, etoposide, carboplatin, 5-FU) with 
ABMT. He remained in CR for the last follow-up 
(6 years) (Nishimura et al. 2002).

Although the authors suggest that “the better out-
come of our patients indicates that multimodal therapy, 
including high-dose chemotherapy, may improve the 
outcome of the patients with metastatic hepatoblas-
toma,” regarding the role of high-dose chemotherapy, 
the reported cases prove the contrary. Both in the first 
and second patients, HD chemotherapy could not pre-
vent the development of lung metastases. Both patients 
illustrate the curative potential of metastectomy in 
patients with resectable pulmonary lesions. In the third 
patient, it is impossible to judge the (additional) value 
of HD chemotherapy, since it has been given in a situ-
ation in which the expected (event-free) survival would 
be high. According to the large cooperative studies of 
SIOPEL and COG, patients with cleared pulmonary 
metastases, either with chemotherapy alone or with 
complete resection, have a realistic chance of cure 
(Casanova et al. 2009; Katzenstein et al. 2002a; Meyers 
et al. 2007; Perilongo et al. 2000b, 2004, 2009; Zsíros 
et al. 2010). In the SIOPEL 3 trial, only 2 of the 
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26 patients who achieved CR in the lungs and whose 
liver tumor was resected with partial hepatectomy 
relapsed (both could be salvaged and were alive at last 
follow-up) (Casanova et al. 2009, Zsíros et al. 2010). 
In the light of these results, the favorable outcome 
of the third patient is not unexpected and does not 
 provide any proof for the  additional value of HD 
chemotherapy.

Niwa reports on a 4-year-old boy who developed a 
small solitary metastasis (6.5 mm on CT) 9 months 
after first-line chemotherapy and living-related LTX 
for stage III HB. After resection of the metastatic 
lesion, he received an auto-PBSCT with a double-con-
ditioning regimen consisting of melphalan and thiotepa 
because the prognosis was thought to be poor. Auto 
PBSCT could be safely performed without any seri-
ous regimen-related toxicity or infection. However, 
transient cessation of tacrolimus during myelosup-
pression resulted in graft rejection of the liver just 
after hematological engraftment, but rejection was 
resolved by tacrolimus and methylprednisolone. The 
patient was alive and free from disease 2 years after 
auto-PBSCT without any signs of graft rejection. The 
authors conclude that HD chemotherapy using this 
conditioning regimen may be feasible for recurrent 
HB after liver transplantation in terms of safety and 
antitumor activity (Niwa et al. 2009; Umeda and 
Watanabe 2009).

As Perilongo et al. pointed out in their comment, 
the most important message of this report is that HD 
chemotherapy seems feasible in patients who under-
went previous liver transplantation, although the case 
also highlights the potential difficulties of concurrent 
immunosuppression and chemotherapy (Perilongo and 
Otte 2009). The question whether HD therapy has any 
additional value in such a situation has, however, not 
been answered. As mentioned above, the prognosis of 
patients with single or few resectable lung metastases 
is more favorable than that of those with multiple or 
not resectable lung lesions. As shown by many authors, 
complete surgical resection of (isolated) lung metasta-
sis/relapse is potentially curative and offers a realistic 
chance of long-term cure, even without additional che-
motherapy (Casanova et al. 2009; Katzenstein et al. 
2002a; Meyers et al. 2007; Perilongo 2000, 2004, 
2009; Zsíros et al. 2010). These data make it question-
able whether the intensive regimen with which this 
child was treated, after complete resection of a small 
tumor, had any impact on the outcome.

Miyamura reported on a child with stage IV HB 
whose liver tumor remained unresectable with partial 
hepatectomy after preoperative chemotherapy. High-
dose chemotherapy consisting of carboplatin, ifosf-
amide, THP-adriamycin, and etoposide with autologous 
PBSCT was not effective in reducing tumor size 
(Miyamura et al. 2010).

The reports published so far provide some informa-
tion on the feasibility of (myelo-ablative) HD chemo-
therapy in different clinical situations in patients with 
HB. Due to the limited data and the diversity of the 
used regimens, the optimal drug (combination) and 
preconditioning regimen remain unknown. Regarding 
efficacy, the published results do not suggest a clear 
(additional) benefit of HD chemotherapy in the treat-
ment of primary or  refractory/recurrent HB. On the 
contrary, some of the published cases demonstrated 
that HD chemotherapy could not prevent the develop-
ment of early (second) relapse. In the light of these 
data and the significant treatment related toxicity, at 
the present level of knowledge, no indications can be 
established for the use of HD chemotherapy in the 
treatment of (recurrent) HB and high-dose treatment is 
not recommended for the treatment of individual 
patients. In order to explore the true efficacy and 
the potential value of HD chemotherapy in HB, con-
trolled clinical trials are needed with careful patient 
selection.

13.5  Conclusions

Despite the significant improvement in the treatment of 
HB, approximately in 10–15% of the patients, second-
line (salvage) treatment has to be considered at a certain 
point in an effort to achieve complete tumor eradication 
and/or cure. An aggressive surgical approach to remove 
all (residual) recurrent lesions is necessary and justified 
by the realistic prognosis for patients who achieve a 
tumor-free status. In most cases, surgical treatment has 
to be combined with salvage chemotherapy in order to 
achieve CR or resectability of the tumor. The choice of 
chemotherapy depends mainly on the previous regi-
mens given. Most patients would have received cispla-
tin, with significant total cumulative dose, making its 
(re)use impossible and unreasonable. The use of doxo-
rubicin can be an important option for patients  
who have not received anthracycline in their previous 
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regimens. There is some evidence for the use of carbo-
platin + etoposide, but the rate of activity remains 
unclear. There is a growing body of evidence for the 
activity of irinotecan in HB. Its toxicity profile makes it 
very attractive even in heavily pretreated patients and 
its use should be considered with high priority in these 
situations. The use of (myeloablative) HD chemother-
apy is currently not recommended due to lack of proven 
activity/benefit and the significant toxicity of the proce-
dure. To improve the prognosis of patients with refrac-
tory or recurrent HB, more effective salvage drugs and 
regimens are needed.
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14.1  Introduction

Various nonsurgical regional treatments may be appli-
cable in the treatment of children with liver tumors. 
Although none is currently used as part of major pedi-
atric liver cancer trials, each has certain advantages 
and may be considered in selected patients. It remains 
to be seen whether any of these ideas become a part of 
standard protocols in the future.

Other interventional radiology techniques relevant 
to the management of children with liver tumors, 
including biopsy (Chap. 9) (Bittles and Hoffer 2007; 
Hoffer 2000), central venous access (Kaye et al. 2000), 
and biliary drainage and stenting (Roebuck and Stanley 
2000; Akinci 2007; Roebuck 2010) are not discussed 
here. Laparoscopic and open surgical tumor ablation 
techniques (e.g., cryotherapy) are also not covered.

14.2  Theoretical Aspects  
of Intraarterial Chemotherapy

The potential advantages of delivering chemotherapy 
directly to the tumor using an intraarterial (IA) 
approach have been realized for several decades 
(Table 14.1) (Chen and Gross 1980). The dual blood 
supply of the liver makes this site almost uniquely 
favorable for IA treatment. Normal liver derives most 
of its supply (about 75–80%) from the portal vein, and 
only about 20–25% from the hepatic artery. Because 
primary and metastatic liver tumors derive most of 
their blood supply from the hepatic artery, IA drugs 
can be expected to have maximal antitumor effect with 
minimal damage to the normal liver.
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IA chemotherapy is given either by repeated cathe-
terization or via an implanted hepatic artery catheter 
connected to a subcutaneous port. Although this is fea-
sible in adults, technical problems often arise in chil-
dren (Golladay et al. 1985), and hepatic artery 
chemoembolization (HACE) is usually preferred. In 
this technique, IA chemotherapy is combined with an 
embolic agent, in order to prolong dwell time of the 
drugs in the tumor and to add an ischemic effect.

HACE, however, has significant disadvantages. It is 
expensive and requires angiographic skills and equip-
ment that are not universally available. Perioperative 
care must be meticulous; general anesthesia (GA) is 
required and complications are not rare. Because there 
is very little release of chemotherapeutic agents into 
the systemic circulation, HACE must be used in con-
junction with systemic chemotherapy (Li et al. 2008; 
Oue et al. 1998). Finally, HACE may need to be 
repeated several times in each patient.

Because most primary liver tumors of childhood are 
resectable or can be made resectable with systemic 
chemotherapy, the indications for HACE are somewhat 
limited. The most significant indication should be to 
treat children with tumors that remain unresectable 
after systemic chemotherapy in an attempt to make 
them resectable without transplantation (Tashjian et al. 
2002; Malogolowkin et al. 2000). The improving 
results of transplantation, however, have made this 
indication less important, and no current protocols for 
hepatoblastoma (HB) include HACE. HACE may also 
be used as a “bridge” to transplantation in children who 
cannot be transplanted immediately for any reason 

(Arcement et al. 2000). A third indication is palliation 
in children with unresectable primary or secondary 
liver tumors who are not candidates for transplantation 
(Cardinal et al. 2009).

Portal vein invasion by tumor is not an absolute 
contraindication to HACE in children (Pentecost et al. 
1993).

Two quite different approaches have been taken with 
the embolization part of HACE. In one system, the cyto-
static drugs are mixed with water-soluble radiographic 
contrast and an embolic agent (Malogolowkin et al. 
2000). Systemic levels of cisplatin and doxorubicin are 
very low after this type of HACE (Malogolowkin et al. 
2000).

The alternative is to use ethiodized oil (Lipiodol) as 
a carrier (Li et al. 2008; Oue et al. 1998; Czauderna 
et al. 2006; Han et al. 1999; Nakagawa et al. 1993; 
Ogita et al. 1987; Sue et al. 1989). Lipiodol was origi-
nally designed as a contrast agent, and was used exten-
sively for many years in lymphangiography. It is 
hypothesized that it is selectively taken up in the tumor, 
and that it releases the chemotherapeutic agents gradu-
ally (Ogita et al. 1987; Sue et al. 1989). Lipiodol also 
has an embolic effect of its own (Sue et al. 1989). There 
is very extensive experience with the use of Lipiodol 
for HACE in adults. When injected into the hepatic 
artery, Lipiodol is retained in tumor sinusoids 
(Bhattacharya et al. 1994), and can be detected by com-
puted tomography for at least several weeks and some-
times up to a year (Han et al. 1999). There is evidence 
from both adult and pediatric patients that the concen-
tration of cisplatin delivered with Lipiodol is much 
higher in tumor than nontumor liver tissue (Sue et al. 
1989; Shibata et al. 1989). The procedure is com-
pleted by embolization of the feeding arteries of the 
tumor to decrease washout of the cytostatic agents 
(Raoul et al. 1992) and cause tumor ischemia. Gelatin 
foam (Gelfoam® or Spongostan®) is usually used for 
this purpose, and appears to be superior to polyvinyl alco-
hol particles (Geschwind et al. 2003). Coils have also been 
used (Li et al. 2008), but are not recommended as they 
make repeated procedures more difficult. Recanalization 
of the feeding arteries usually occurs by about 2 weeks.

Advantages of the use of Lipiodol include greater 
worldwide familiarity and availability and ease of 
injection through small catheters. One disadvantage 
may be that water-soluble cytostatic agents may wash 
out of the oily Lipiodol suspension and reach the sys-
temic circulation (Raoul et al. 1992).

Higher concentration of antineoplastic drug in tumor blood 
vessels

Protection of normal liver (which is supplied mostly by 
portal venous blood)

Embolic effect

Prolonged “dwell time” of drug

First pass effect (low systemic levels, less toxicity)

Increased extraction of drug by tumor cells

Ischemic injury to tumor

Possible safer modulation of drug resistance

 Use of agents in high concentration without causing 
systemic toxicity

Table 14.1 Potential advantages of intraarterial (IA) chemo-
therapy and chemoembolization
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In general, both HB and hepatocellular carcinoma 
(HCC) are treated with cisplatin and doxorubicin. In 
the SIOPEL 5 protocol, verapamil was added in an 
attempt to overcome MDR1-mediated drug resistance, 
which is common in HCC (Soini et al. 1996). The 
overall chemoembolization “cocktail” consisted of cis-
platin 6 mg/mL, doxorubicin 3 mg/mL, and verapamil 
0.1 mg/mL, in Lipiodol. The volume of Lipiodol used is 
determined by the maximum diameter of the tumor: a 
maximum of 0.6–0.7 mL/cm should be used in order to 
reduce the risk of pulmonary embolism. A maximum 
volume of 10 mL is recommended (Li et al. 2008; 
Czauderna et al. 2006; Jiang et al. 2006).

In addition to HB and HCC, HACE has been used 
for treatment of liver metastases in stage 4S (MS) neu-
roblastoma (Weintraub et al. 2004) and in patients with 
epithelioid hemangioendothelioma (Cardinal et al. 
2009), fibrolamellar carcinoma (Czauderna et al. 2006; 
Nakagawa et al. 1993), and embryonal sarcoma 
(Malogolowkin et al. 2000; Nakagawa et al. 1993).

14.3  Technical Aspects of Hepatic 
Artery Chemoembolization

The following description is based on the SIOPEL  
5 protocol, which is now closed. Intravenous hydration 
is commenced 3 h before HACE and continued for 
at least 24 h (Czauderna et al. 2006). Intravenous anti-
biotics (metronidazole, ceftazidime, and vancomycin), 
an antiemetic (ondansetron) and an H2-antagonist 
(ranitidine) are given with induction of GA, and con-
tinued for 48 h (Malogolowkin et al. 2000; Czauderna 
et al. 2006).

Access to the femoral artery is obtained under  
sterile conditions, using ultrasound-guided puncture 
(Heran et al. 2010), and a 4-Fr valved vascular sheath 
is inserted. Careful diagnostic angiography is essen-
tial. If there is doubt about portal vein patency, this 
may be confirmed by delayed angiographic images at 
this stage. Four-French catheters with 0.97-mm (0.038-
in.) lumens are appropriate for most children and 
young adults. Aortography may show unsuspected 
collateral supply to the tumor, for example, from the 
inferior phrenic, subcostal, and intercostal arteries 
(Fig. 14.1). Angiography of the internal thoracic (inter-
nal mammary) arteries should be performed for tumors 
that extend close to the diaphragm because they often 

supply the tumor. The diagnostic hepatic angiograms 
should be evaluated carefully for arteriovenous shunt-
ing and to locate the origins of the gastroduodenal and 
right and left gastric arteries. It may be possible to 
occlude focal intratumoral arteriovenous shunts with 
embolization coils, but major diffuse shunting (which 
is not rare in HCC) may be a contraindication to HACE 
because of the risk of pulmonary embolization of the 
Lipiodol suspension.

The guiding principle for HACE should be that the 
catheter tip should be placed as close to the tumor as 
possible, to minimize injury to normal liver tissue  
(Li et al. 2008). The 4-Fr angiographic catheter is 
advanced to a stable position in the artery supplying 
the tumor, taking care not to occlude the artery or cause 
spasm. A microcatheter (3 Fr or smaller) is introduced 
coaxially through the 4-Fr catheter and advanced to a 
position where injection of contrast confirms absence 
of flow to nontarget organs. The HACE suspension is 
then injected slowly, using fluoroscopic guidance to 
avoid reflux into nontarget arteries, and confirm the 
accumulation of Lipiodol in the tumor. If necessary, 
coil embolization may be used to protect nontarget 
organs. Examples of this include occlusion of the ori-
gin of the gastroduodenal artery to protect the duode-
num and pancreas and occlusion of cutaneous branches 
of the right internal thoracic artery to protect the skin 
and chest wall. It may be necessary to divide the HACE 
suspension between two or more arteries (e.g., right 
and left hepatic branches and right internal thoracic 
artery) to cover the entire tumor. It is usual to restrict 
the proportion of the liver treated at any one HACE 
procedure to 70% (Li et al. 2008; Malogolowkin et al. 
2000). When an arterial branch supplies both a signifi-
cant part of the tumor and also a significant volume of 
normal liver, flow may be directed into the tumor by 
intraarterial injection of angiotensin II (0.25 mg/kg) or 
epinephrine (0.5 mg). These agents cause selective 
vasoconstriction of nontumor arteries, and maximize 
delivery of the HACE suspension to the tumor (Shibata 
et al. 1989; Ensminger and Gyves 1984), although they 
may also increase systemic levels of the chemothera-
peutic drugs (Ensminger and Gyves 1984).

The injection is stopped when complete accumula-
tion in tumor vessels is observed, or if there is retro-
grade filling of distal portal vein branches (Nakagawa 
et al. 1993). Following injection of each artery, tempo-
rary occlusion with gelatin foam is then performed. The 
easiest way to do this is to cut a sheet of gelatin foam 
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a

c d

b

Fig. 14.1 Hepatic artery chemoembolization (HACE) in an 
11-year-old male with HCC. (a) Coronal short-tau inversion 
recovery MRI shows a tumor centered on segments 5 and 6. 
It abuts the inferior vena cava (arrows). (b) Selective angiogra-
phy of the right hepatic artery (large arrow) reveals pathological 
tumor vessels (small arrows). HACE was performed using dox-
orubicin, cisplatin, and verapamil, with ethiodized oil (Lipiodol) 
as a carrier. The treated arteries were then embolized with a 

slurry of gelatin foam. (c) Day 10 CT shows accumulation of 
Lipiodol in the tumor. Note that the medial part of the tumor 
(arrows) has not taken up Lipiodol, and has therefore presum-
ably not been treated. (d) Angiography at the second HACE pro-
cedure shows supply to the previously untreated part of the 
tumor from branches of the right inferior phrenic artery (arrows). 
This was treated in addition to the hepatic artery branches  
to the tumor
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into extremely small pieces (<1 mm), place them in a 
2-mL Luer-Lok® syringe, and add water-soluble con-
trast (e.g., iohexol or iopamidol). The slurry of gelatin 
and contrast may then be injected under fluoroscopic 
guidance, until stasis is achieved in the artery. Care 
should be taken to avoid reflux of the embolic agent into 
nontarget arteries. Even small particles may clog up 
microcatheters, and embolization through the 4-Fr cath-
eter may be required. Completion angiography should 
show substantial devascularization of the tumor.

HACE can be repeated every few weeks if 
necessary.

14.3.1  Complications

Most children who undergo HACE will develop some 
degree of postembolization syndrome, with fever and 
pain (Li et al. 2008; Malogolowkin et al. 2000), and 
patient- or nurse-controlled analgesia will be appropri-
ate. Anorexia, nausea, and vomiting are all common 
(Li et al. 2008; Arcement et al. 2000). There may also 
be transient biochemical abnormalities (elevation  
of liver enzymes and bilirubin) (Li et al. 2008; 
Malogolowkin et al. 2000). These may be regarded as 
anticipated effects rather than complications.

Major complications are unusual, but may be severe 
(Table 14.2, Fig. 14.2). Tumor lysis syndrome has been 

described in a patient who was not previously given 
systemic chemotherapy (Malogolowkin et al. 2000). 
Fatal complications have been described (Czauderna 
et al. 2006; Czauderna et al. 2005).

14.4  Results of Hepatic Artery 
Chemoembolization

There is only one published prospective trial of HACE 
in children (Malogolowkin et al. 2000). Malogolowkin 
et al. reported six heavily pretreated HB patients and 
three HCC patients who underwent multiple courses of 
HACE using cisplatin, doxorubicin, and in some 
patients, mitomycin. The embolic agent was a prepara-
tion of cross-linked bovine collagen fibers (Angiostat®, 
Regional Therapeutics, Pacific Palisades, CA, USA), 
which is no longer available. All patients with HB 
responded, and three underwent subsequent tumor 
resection, although four of the six later died of disease 
progression. Two of the three HCC patients were ren-
dered resectable after HACE. One had a complete 
resection and remained disease-free, while another had 
microscopic residual disease after delayed resection, 
received additional postoperative chemotherapy, and 
succumbed after a 3.5-year remission, due to pro-
gression of underlying liver disease (Malogolowkin 
et al. 2000).

It is difficult to assess the many small retrospective 
series of HACE in children, partly because of the  
possibility of publication bias, and partly because the 
definition of unresectability used is often not clear. 
A basic summary of published case series is given in 
Table 14.3.

Oue et al. described eight patients with HB treated 
by HACE with doxorubicin (or pirarubicin), cisplatin, 
and Lipiodol (Oue et al. 1998). All patients showed a 
response, with median tumor shrinkage (product of 
two diameters method) of 32% and median AFP fall of 
96%. Delayed tumor resection was possible in all eight 
children. Two died later because of lung metastases. 
Han et al. described HACE with Lipiodol, doxorubi-
cin, and cisplatin in four children with unresectable 
HB (Han et al. 1999). All tumors became resectable 
after two HACE procedures. Czauderna et al. reported 
the Polish experience of HACE in four heavily pre-
treated children with locally advanced HB and one 

Pancreatitis (Shibata et al. 1989)

Injury to stomach (Arcement et al. 2000) or duodenum 
(Arcement et al. 2000; Shibata et al. 1989)

Injury to gallbladder or bile ducts (including biloma 
formation) (Shibata et al. 1989)

Systemic arterial embolization (e.g., injury to skin) (Arora 
et al. 1999)

Pulmonary embolization via intratumoral arteriovenous 
shunts (Czauderna et al. 2005)

Septicemia and/or hepatic abscess (Arcement et al. 2000)

Hepatic artery thrombosis (Arcement et al. 2000)

Mucositis (Malogolowkin et al. 2000)

Myelosuppression (Malogolowkin et al. 2000)

Table 14.2 Reported major complications of hepatic artery 
chemoembolization
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with fibrolamellar carcinoma, who had shown insuffi-
cient response to systemic chemotherapy (Czauderna 
et al. 2006). In three patients, the mass reduced in size 
(by 25–33%) and AFP fell by 20–98%. Two patients 
underwent complete hepatic resection and one had 
total hepatectomy and liver transplantation. One HB 
patient died of systemic myelotoxicity after the first 
HACE procedure. One patient with metastatic HCC 
did not respond to “SuperPLADO” systemic chemo-
therapy, but responded significantly to HACE, with 
regression of pulmonary nodules. However, this patient 

died after the third HACE procedure following pulmo-
nary Lipiodol embolization.

Arcement described 14 children who underwent IA 
chemotherapy or HACE as a “bridge” to transplanta-
tion (Arcement et al. 2000). Of the eight who under-
went HACE, five patients had HB and three HCC. At 
the time of reporting, four children (including one with 
HCC) were alive, three following transplantation and 
one awaiting transplantation.

Overall, it seems that HACE is a promising treatment 
with a significant but acceptable complication rate.

a b

c

Fig. 14.2 Complications of hepatic artery chemoembolization 
(HACE) in a 3-year-old male with HB. (a) Angiography performed 
at the time of the first HACE procedure. There is a huge liver tumor 
with abnormal tumor vasculature, supplied by the right hepatic 
artery (RHA, arrow). (b) Angiography at the third HACE procedure 
(8 weeks later) shows occlusion of the RHA (large arrow). The left 

hepatic artery is patent, and the RHA branches are reconstituted by 
innumerable tiny extrahepatic collaterals (small arrows). (c) Skin 
changes following chemoembolization via the distal right internal 
thoracic (mammary) artery. There was no detectable reflux into 
cutaneous branches at the time of the procedure
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14.5  Other Transarterial Techniques

Transarterial embolization without chemotherapy may 
occasionally be useful in children with liver tumors. 
The most common reason for “bland” embolization is 
in the management of cardiac failure associated with 
vascular tumors in neonates and young infants. These 
are almost always either diffuse or multifocal infantile 
hemangiomas (Draper et al. 2008; O’Hagan et al. 
2004; Kassarjian et al. 2004) or unifocal rapidly invo-
luting congenital hemangiomas (Zenzen et al. 2009). 
Embolization is usually attempted only when all medi-
cal treatments have failed and so it is perhaps not  
surprising that it is not always successful.

The next most common indication is for emergency 
treatment of tumor rupture, which has been reported in 
children with HB (Ueno et al. 2005; Iida et al. 2004; Chan 
and Tam 1998) and angiosarcoma (Dimashkieh et al. 
2004). Bland embolization has also been used to control 
rapid tumor growth in a baby with liver metastases from 
stage 4S (MS) neuroblastoma (Boztug et al. 2006).

Radioembolization with yttrium-90 microspheres, 
also known as selective internal radiation (SIR), allows 
extremely high radiation doses to be delivered to 
tumors supplied by the hepatic artery, without the 
development of severe radiation hepatopathy (Lau 
et al. 1998). Yttrium-90 is a beta-emitting radionuclide 
with a half-life of 64 h, which can be irreversibly 

Table 14.3 Published reports (n > 1) of hepatic artery chemoembolization (HACE) in children

First author HB HCC FLC ES Pre-Rx Agents Carrier Embolic Courses

Ogita  
et al. (1987)

2 0 0 0 0/2 PIR
CDDP

Lip 1

Sue et al.  
(1989)

2 0 0 0 2/2 CDDP
5FU

Lip 1

Nakagawa  
et al. (1993)

0 1 1 1 3/3 CDDP
CARBO
DOX

Lip Gelatin 3–11

Oue  
et al. (1998)

8 0 0 0 2/8 CDDP
DOX
PIR

Lip Gelatin 1

Han  
et al. (1999)

4 0 0 0 0/4 CDDP
DOX

Lip Gelatin 2

Arcement  
et al. (2000)

5 3 0 0 5/8 CDDP
DOX

Gelatin 2–12

Malogolowkin 
et al. (2000)

6 3 0 2 10/11 CDDP
DOX
MMC

Collagen 2–5

Ohtsuka  
et al. (2004)

7 0 0 0 3/7 PIR Lip Gelatin 7

Jiang  
et al. (2006)

8 0 0 0 0/8 CDDP
DOX
VCR

Coils 1–3

Czauderna  
et al. (2006)

4 0 1 0 5/5 CDDP
DOX
MMC

Lip Gelatin 1–3

Li et al. (2008) 16 0 0 0 0/16 CDDP
DOX

Lip Gelatin
Coils

1–3

HB number of patients with hepatoblastoma, HCC number of patients with hepatocellular carcinoma, FLC number of patients with 
fibrolamellar carcinoma, ES number of patients with undifferentiated (embryonal) sarcoma, pre-Rx number of patients treated with 
systemic chemotherapy before HACE PIR pirarubicin, CDDP cisplatin, 5FU fluorouracil, CARBO carboplatin, DOX doxorubicin, 
MMC mitomycin, VCR vincristine, Lip ethiodized oil (Lipiodol), courses number of HACE procedures
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bound in resin microspheres (approximate diameter 30 
mm) at an activity of about 30 Bq per microsphere. The 
size of the microspheres is calculated to ensure periph-
eral embolization in the hepatic arterial circulation. It 
is important that the tumor is selectively irradiated 
relative to normal liver (to prevent radiation 

hepatopathy) (Lau et al. 1994), and that arteriovenous 
shunting in the tumor is low (to prevent radiation pneu-
monitis) (Leung et al. 1995). For these reasons, simu-
lation with technetium-99m macroaggregated albumin 
(Leung et al. 1994) must be performed before the 
injection of the microspheres (Fig. 14.3). In general, 

a

d

c

b

Fig. 14.3 Planning for radioembolization (selective internal 
radiation) in 22-month-old male with a hepatic sarcoma. (a) 
T2-weighted MR image following systemic chemotherapy shows 
an unresectable tumor. (b) Angiography shows a few abnormal 
vessels (arrows) feeding the tumor, but essentially normal 
branches of the right hepatic artery. (c)  Simulation with injection 
of technetium-99m labeled macro-aggregated albumin (37 MBq), 
probably into the right hepatic artery, shows normal perfusion of 

most of the right lobe of the liver, but almost no embolization in 
the hypovascular tumor (white arrow) or left lobe (black arrows).  
There is very little arteriovenous shunting, as shown by almost 
absent activity in the lungs (calculated shunt = 2.4%).  The rela-
tively hypervascular area in the right lobe (outlined) was used in 
error to calculate the ratio of activity in the tumor to that in nor-
mal liver. (d) CT performed after radioembolization shows severe 
radiation hepatopathy in the right lobe of the liver
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the ratio of activity in the tumor to that in the liver 
should exceed 2:1, and lung shunting should be less 
than 13–15% (Lau et al. 1998; Leung et al. 1995). 
Up to 5 GBq can be given (Lau et al. 1998), depending 
on the size of the patient.

Experience with SIR in children is very limited 
(Lau et al. 2004). The main reason why this technique 
is not more widely used is that specialized equipment 
and expertise are required for its safe use. It is clear, 
however, that it may be used to convert unresectable 
tumors (Lau et al. 2004). This would probably be most 
applicable to children with unresectable HCC who are 
not eligible for transplantation (Fig. 14.4).

14.6  Percutaneous Tumor Ablation

The main techniques used for the percutaneous abla-
tion of liver tumors in adults are radiofrequency abla-
tion (RFA), ethanol injection, cryoablation, and laser 
and microwave ablation. None of these ideas has found 
widespread use in pediatrics.

For RFA, a special needle (or needles) is placed in 
the tumor using imaging guidance. Ultrasound is typ-
ically used for pediatric liver tumors, and computed 
tomography for lung metastases. A circuit is com-
pleted with grounding pads, usually on the patient’s 

thighs. Thermal necrosis of tumor cells (which occurs 
at >50°C) is then induced by application of a radiof-
requency alternating current (Iannitti 2002). With 
current equipment, impedance and temperature at the 
needle tip can be monitored during the procedure.

RFA works best for small liver lesions; complete 
necrosis can be expected in most lesions <30 mm in 
diameter. Larger lesions (>100 mm) can be treated 
with RFA by using multiple needles (Iannitti et al. 
2002), but cure is unlikely. Tumors adjacent to major 
blood vessels are protected by perfusion-mediated tis-
sue cooling. This effect may be mitigated by tempo-
rary vascular occlusion, although this is difficult to 
achieve with percutaneous procedures and is not rou-
tinely used.

Hepatic RFA has been used in children to treat 
metastases (Bittles and Hoffer 2007; Goncalves de 
Oliveira-Filho et al. 2003), unresectable multiple fibro-
lamellar carcinoma (Hoffer et al. 2009), and local 
recurrence of HB (Iannitti et al. 2002; Ye et al. 2008). 
It would also be a reasonable choice for palliation when 
other options are not available (Iannitti et al. 2002). 
Other indications, such as treatment of a very small 
(e.g., screening-detected) HB, or of a small segment 
2 or 3 lesion to allow right trisectionectomy rather than 
transplantation, are speculative. It has also been sug-
gested that RFA could be used to treat lung metastases 
in children with HB (Bittles and Hoffer 2007).

Liver abscess is the most important complication 
of RFA (Iannitti et al. 2002; Schindera et al. 2006). 
Other adverse effects include segmental infarction 
(Iannitti et al. 2002), transient liver dysfunction 
(Hoffer et al. 2009), hemoglobinuria or myoglobinu-
ria (Hoffer et al. 2009), pain (Hoffer et al. 2009), 
hypoxia (Hoffer et al. 2009), and leukocytosis (Hoffer 
et al. 2009).

14.7  Portal Vein Embolization

Although the absence of tumor in segments 2 and 3  
(or 6 and 7) means that trisectionectomy is technically 
possible, in some cases, the volume of these segments, 
which will constitute the remnant liver, is insufficient 
to support postoperative liver function. In children 
without underlying liver disease, this is likely when 
the liver remnant is less than 20–25% of the estimated 
total liver volume or less than 5 mL/kg of body mass 
(Liu and Zhu 2009; Truant et al. 2007). In these 
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Fig. 14.4 Prolonged response to radioembolization (selective 
internal radiation) in a 12-year-old female with unresectable HCC. 
A single procedure induced a fall in serum alpha-fetoprotein 
(AFP) to almost normal levels, and the tumor became resectable. 
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circumstances, portal vein embolization (PVE) may be 
used to induce growth of the intended liver remnant 
prior to surgery.

The mechanism of hypertrophy is complicated and 
involves various molecules including hepatocyte 
growth factor (HGF) (Liu and Zhu 2009).

PVE in children typically requires a contralateral 
approach (Fig. 14.5), because it is usually impossible 
to puncture the ipsilateral portal vein without trans-
gressing the large primary tumor. It is extremely 
important not to damage the portal venous supply to 
the intended liver remnant, so the puncture is 

performed with ultrasound guidance, and the smallest 
possible (usually 4 Fr) valved angiographic sheath is 
used. Portal venography is performed and used as a 
“road map.” Embolization is usually achieved with 
metal coils, although vascular plugs, ethanol, and 
cyanoacrylate glue and other agents have also been 
used, sometimes in combination (Liu and Zhu 2009). 
Surgery is performed when sufficient hypertrophy of 
the liver remnant has occurred, typically at 3 weeks 
(van Gulik et al. 2008).

Complications of PVE are surprisingly uncommon 
(Liu and Zhu 2009; van Gulik et al. 2008). Although 

a b

c

Fig. 14.5 Portal vein embolization (PVE) in a 14-year-old male 
with hepatocellular carcinoma. (a) The left portal vein (LPV) has 
been punctured under ultrasound guidance. A vascular sheath 
(black arrow) has been advanced to the origin of the right portal 
vein (RPV, small white arrows) and contrast injected to perform a 
portal venogram. There is also an external biliary drainage catheter 
(large white arrow). (b) Metal coils have been used to occlude the 
RPV (large black arrow) and the major vein to segment 4 (small 

black arrows). The main portal vein (PV), the LPV and the branches 
to segments 2 and 3 remain patent. (c) Following PVE, there has 
been considerable growth of the intended liver remnant, segments 
2 and 3 (outlined by dots). Coils are present in the largest portal 
vein branch to segment 4 (large black arrow). The tumor abuts but 
does not encase the right portal vein (small black arrow) near its 
origin. The short white arrow indicates the external biliary drain
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there is concern that PVE could lead to increased 
tumor growth, this has not been proved (de Graaf et al. 
2009). Nevertheless, the observation that HB cells 
proliferate in response to HGF (Von Schweinitz et al. 
2000) supports the restriction of this technique to 
patients in whom it is absolutely necessary (van Gulik 
et al. 2008).
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15.1  Introduction

The supportive care for children with liver tumors has 
improved considerably since the first children started 
being cured of primary liver cancer through multimodal-
ity means in the last quarter of the twentieth century. 
Aggressive supportive care including safer blood prod-
ucts, central intravenous catheters, improved nutritional 
support, appropriate antiemetic therapy, better use of 
broad-spectrum antibiotics, and more effective antifungal 
therapy has improved outcome considerably. The pediat-
ric surgeon also plays an integral part in ensuring the safe 
passage of immunologically impaired patients through the 
additional stress of surgery (Corbally 1993). New technol-
ogy in lung and liver surgery, as well as newer immuno-
therapy agents post liver transplant, has also improved 
outcome but will be discussed elsewhere. Primary liver 
cancer affects children at a young median age including 
neonates. It is essential to support these very young chil-
dren appropriately throughout their treatment in order to 
gain the highest cure rates. International treatment proto-
cols addressing supportive care, as well as guidelines on 
how to best administer chemotherapy, have improved cure 
rates worldwide. Strategies which take into account local 
health care provision in deciding on the most appropriate 
treatment approach for an individual child and where ever 
possible transferring the child to a specialized pediatric 
oncology/liver center have also improved outcomes.

15.2  Supportive Care

15.2.1  Safer Blood Products

In most countries, safe blood products are available, 
and if strict transfusion policies are followed, children 
requiring blood products, either during chemotherapy 
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or at the time of surgery, should not experience acute 
or life-threatening side effects. Children should be 
treated in centers where access to safe blood products 
is available. The practice of blood product administra-
tion in children’s cancer centers, however, still varies 
widely, even in a single country (Nathan and Selwood 
2006). If safe blood products cannot be assured, then 
treatment with cisplatin monotherapy should be the 
initial chemotherapy regimen of choice for all stages 
of disease, introducing doxorubicin only if the thera-
peutic response is inadequate. Anatomical surgical 
resection should be planned with extreme care con-
cerning hemostasis and predeposit autologous plasma 
donation (PAPD) considered, particularly in the older 
child (Ishizawa et al. 2009).

15.2.2  Central Intravenous Catheters

Most young children benefit and have minimal com-
plications from an indwelling catheter placed under 
general anesthetic (Hockenbury et al. 1989). Long-
term venous access devices such as silastic Hickman 
catheters can be placed under local anesthesia by  
open cut down procedure, but this practice is usually 
reserved for the older child (Shukla et al. 2002). The 
indwelling device can be placed at the same time as 
the initial biopsy if serum markers are raised and the 
imaging is typical of liver cancer, or prior to the start 
of treatment once the histopathological diagnosis is 
certain. It is possible to administer chemotherapy 
through peripheral lines, but these need to be rigor-
ously controlled and changed if not optimal, prior to 
each dose. This is particularly important when admin-
istering anthracyclines, as they cause severe local 
extravasation damage.

15.2.3  Improved Nutritional Support  
and Antiemetic Therapy

Many children present in a poor nutritional state and 
experience a degree of anorexia together with nausea and 
vomiting during chemotherapy. In resource-challenged 
nations, malnutrition at diagnosis is a frequent occur-
rence and is known to increase the risk of infection, 

profound neutropenia, toxic death, and major surgical 
mortality (Israëls et al. 2009a). This challenge has been 
addressed during the preoperative chemotherapy phase 
in children with Wilms tumor in Malawi. In this setting, 
the authors showed that introducing a locally made 
 peanut butter-based food supplement not only reduced 
toxic morbidity and mortality but also increased tumor 
response to preoperative chemotherapy (Israëls et al. 
2009b). Enteral feeding has also been shown to lower 
mortality from infection post allogeneic stemcell trans-
plantation and improve 100 day overall survival (OS) 
(Seguy et al. 2006).

Optimal feeding therefore orally, by nasogastric 
tube, or total parenteral nutrition, prior to and during 
chemotherapy, is important in combination with the 
optimal use of antiemetic combinations. It has also 
been shown that enteral feeding should be encouraged 
even when chemotherapy-induced mucositis is pres-
ent. Amino-acid transport, as measured by leucine 
uptake in the intestine, is not impaired even under 
these circumstances (de Koning et al. 2007).

The introduction of the serotonin 5-HT
3
 receptor 

antagonists into pediatric practice, commonly known as 
“setrons,” in the 1990s generally improved the quality 
of life during chemotherapy and reduced acute  cisplatin 
emesis (Hewitt et al. 1993). The probable  mechanism 
for prevention of acute chemotherapy-induced nausea 
and vomiting is antagonism of 5-HT

3
 binding sites in 

the peripheral and central nervous system. Increasing 
the loading dose of ondansetron from 5 to 10 mg/m2, 
however, did not improve antiemetic control in a ran-
domized double blind controlled trial in children (Brock 
et al. 1996).

Delayed emesis occurring after the first 24 h, par-
ticularly from cisplatin, is insufficiently controlled by 
“setrons” alone. However, the addition of dexametha-
sone to ondansetron did improve the control of 
 cisplatin-induced nausea and vomiting (CINV) in a 
randomized controlled trial (Alverez et al. 1995), and 
the addition of corticosteroid to “setrons” has since 
become established practice.

The physiology of the different serotonin (5-HT) 
receptor subtypes in relation to emesis (Hasler 1999) 
has shown that the 5-HT

3
 antagonists are not only use-

ful in preventing emesis from cancer chemotherapy 
but also in preventing postoperative nausea.

In countries where the cost of “setrons” is prohibi-
tive or where side effects such as migraine headaches 
occur (Khan 2002), combinations of other antiemetic 



19115 Supportive Therapy and Toxicity

medications can be effective too. A useful review of 
the evidence base for both known and novel emerging 
antiemetic therapeutic interventions in children was 
written by Depuis and Nathan (2010).

It is beneficial to prevent nausea and vomiting early 
during the first cycle of treatment to prevent anticipated 
vomiting which improves the quality of life during sub-
sequent cycles (Stockhurst et al. 2000). Anticipatory 
vomiting is a classical conditioned response, which 
although well recognized is best prevented as once 
established it cannot be easily controlled.

15.2.4  Management of Infection  
and Prophylaxis

In neutropenic patients, broad-spectrum antibiotics 
should be used promptly if fever develops or the child 
becomes septic until blood and other cultures are 
reported negative after 48–72 h. If cultures become 
positive, then antibiotic therapy should be adapted 
according to the organisms known or tested sensitivi-
ties. Where possible, aminoglycosides should be 
avoided in children receiving platinum chemotherapy, 
and monotherapy may be as effective as combined 
treatment (Pereira et al. 2009). The approach to the 
treatment of febrile neutropenia has evolved consider-
ably over the years (Meckler and Lindemulder 2009). 
In some settings, it may be effective and safe to allow 
early hospital discharge (Härtel et al. 2007). In chil-
dren with indwelling central lines, staphylococcal epi-
dermidis colonization is frequent and can be difficult 
to eradicate. Prolonged antibiotic treatment increases 
the risk of fungal infection. It may be more appropriate 
to remove the central line and replace it 72 h later 
rather than to continue long-term antibiotic cover.

Fungal infections rarely develop during the treatment 
of hepatoblastoma (HB) as the period of neutropenia is 
relatively short. However, in high-risk disease or hepato-
cellular carcinoma (HCC), where immunosuppression 
may be prolonged, a liposomal form of amphotericin 
should be introduced in cases of persistent febrile neutro-
penia nonresponsive to broad-spectrum antibiotics. The 
clinical features of invasive fungal infections may be dif-
ficult to distinguish from relapsing disease as the loca-
tions are the liver, lung, and brain, (Kobayashi et al. 2008) 
and the pattern of candidemia may be different in neo-
nates and children from that in adults (Blyth et al. 2009).

The prophylactic use of cotrimoxazole has become 
standard practice to prevent pneumocystis carinii 
pneumonitis in children who experience prolonged 
neutropenia. When administering cisplatin mono-
therapy, if the neutrophil count remains above 1 × 
109/L, then cotrimoxazole prophylaxis is not essen-
tial. It is, however, best prescribed in children requir-
ing multiagent chemotherapy up to 2–3 months after 
count recovery.

15.3  Toxicity

A clearer understanding of the working of chemother-
apy and the effect of dose and administration can 
reduce side effects. The number of chemotherapy 
agents used in the treatment of liver cancer is relatively 
limited.

15.3.1  Platinum-Containing Agents

15.3.1.1  Administration

Cisplatin should be administered in an intravenous 
infusion of 6 h or more. It causes less renal toxicity if 
given in a solution with an optimal amount of chloride 
ions. It should also be given with electrolytes to pre-
vent acute electrolyte disturbances. This is particularly 
important in the very young (Brock et al. 1992). Some 
regimens have a pre- and post-hydration phase which 
can last up to 24 h after the cisplatin infusion. The aim 
of the longer-term pre- and post-hydration is to reduce 
the long-term permanent renal and audiological 
toxicity.

Carboplatin should be administered over 1 h or 
more, but does not require extrahydration.

15.3.1.2  Acute Toxicity

 Nausea and Vomiting

This occurs after both cisplatin and carboplatin, but cispl-
atin is the most highly emetogenic agent. Antiemetics are 
essential and should be continued for 2–3 days after the 
platinum infusion. After cisplatin, relative anorexia 
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occurs for about 1 week. Young children receiving regular 
cisplatin require additional nutritional support. This can 
be oral, usually nasogastric and given at home provided 
the parents are taught how to care for a nasogastric tube. 
Nursing support in the community should be available. 
The use of percutaneous gastrostomies or PEGs are rarely 
indicated in these children as treatment is relatively short.

Allergic Reactions

These can occur after carboplatin, rarely after cisplatin. 
These reactions tend to present during the infusion or 
shortly afterward. Most commonly, a rash or cough is 
an early sign, breathing difficulties may develop, and 
full-blown anaphylaxis is possible. If allergic symp-
toms occur, then the treatment should be stopped and 
antihistamines given intravenously as well as steroids, 
if necessary. The carboplatin infusion can be tried again 
on a subsequent day after premedication with antihista-
mines, if given more slowly over a longer infusion time. 
If this is not tolerated, however, alternative treatment 
should be sought. Carboplatin allergy tends to occur 
after a number of months of treatment and is therefore 
not a common problem in liver cancer treatment.

Bone Marrow Toxicity

Carboplatin suppresses bone marrow production of all 
peripheral blood cells. The full blood count needs to be 
monitored regularly every few days and there is an 
increased risk of infection when the neutrophil count 
gets below 1 × 109/L. Carboplatin regimens are there-
fore usually count dependant being given every 3–4 
weeks on count recovery. Cisplatin can, however, be 
administered independent of the result of the periph-
eral count. Both platinum agents can cause gradual 
anemia; however, the need for red cell blood transfu-
sions is more common when children are treated with 
carboplatin than with cisplatin.

15.3.1.3  Late Toxicity

 Renal Toxicity

Cisplatin nephrotoxicity occurs both at the level of 
the glomerule and the proximal tubule. This damage 

results in both a reduction of the glomerular filtration 
rate (GFR) as well as low serum magnesium levels 
from proximal tubular damage and reduced magne-
sium reuptake. Ionized cisplatin is more toxic and 
decreasing the ratio of ionized versus non-ionized cis-
platin in the glomerular filtrate, by increasing the chlo-
ride content of the administrated fluid, is beneficial. 
There would appear to be a distinct mechanism of cis-
platin toxicity in actively dividing tumor cells versus 
the normally quiescent renal proximal tubular epithe-
lial cells. It has been found that gamma-glutamyl trans-
peptidase plays a role in cisplatin nephrotoxicity and 
that the proximal tubular cells have the ability to 
metabolize cisplatin to a nephrotoxin. There is also 
evidence that apoptosis is a major mechanism underly-
ing cisplatin-induced renal cell injury (Hanigan and 
Devarajan 2003). The damage measured at the end of 
treatment in young children may improve to a certain 
extent in the first year or two in young children, but 
becomes chronic after that (Brock et al. 1991). Both 
GFR and serum magnesium should be measured regu-
larly throughout treatment and at intervals after treat-
ment if abnormal. If the GFR, corrected for surface 
area, is below the normal lower limit for age, then 
long-term follow up of the patient is advised. It is wise 
to supplement low levels of serum magnesium as it has 
been shown to increase the risk of osteoporosis if left 
untreated. Low serum magnesium may affect long-
term bone metabolism (Rude et al. 2009). It is unusual 
for a child to develop renal toxicity when treated with 
carboplatin alone, unless it is used at myeloablative 
doses. However, in combination with cisplatin, renal 
toxicity increases.

Hearing Loss

Cisplatin hearing loss is genetically determined, 
 permanent, bilateral, dose dependant with significantly 
increased severity in young children. The typical 
 pattern of high-frequency loss was first noted when 
high-dose cisplatin was used in young children with 
neuroblastoma at 200 mg/m2 per dose (Brock and 
Bellman 1991; Fig. 15.1). The typical fall off affects 
consonants more than vowels which can severely  
affect speech and learning particularly in the young 
(Fig. 15.2).

The reported incidence of cisplatin ototoxicity in 
children ranges from 26% to over 90% with the 
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variation influenced by treatment and patient-
related factors (Ilveskoski et al. 1998). Younger 
children are more affected than older children or 
adults (Li et al. 2004). In an excellent review of cis-
platin ototoxicity, recent understanding of how the 
damage has been found to affect learning and social 

integration particularly in the young is highlighted 
(Gilmer Knight et al. 2005).

Cisplatin damages the outer hair cells of the cochlea 
starting with the higher frequencies. The level of 
hearing loss measured a few weeks after the end of 
treatment is usually permanent. Functional measures 
of hearing are the most appropriate but need to be age 
adapted. It is not easy to measure hearing during treat-
ment particularly if the child is unwell. Pure-tone audi-
ometry is the gold standard but play audiometry and 
visual reinforced audiometry are useful in young chil-
dren (Brock et al. 1992). Because children tire easily, a 
different order to testing hearing thresholds of children 
on cisplatin is necessary. It is essential to start by mea-
suring the higher frequencies 8,000, 4,000, 2,000 Hz 
then 1,000 Hz before testing 500 and 250 Hz. The first 
frequency of the normal audiogram to be affected will 
be 8,000 Hz. In a research setting, extended high-
frequency audiometry can be a useful predictor of 
platinum hearing loss (Knight et al. 2007).

Other nonbehavioral methods can be used to give 
an idea of the effect of treatment. The most useful of 
the nonbehavioral methods is distortion product otoa-
coustic emissions which can be easily carried out and 
can be particularly useful for monitoring during treat-
ment in young children, particularly if they are sick 
and unable to co-operate well (Zorowka et al. 1993; 
Allen et al. 1998; Dhooge et al. 2006; Coradini 2007).

A grading system particularly designed to compare 
hearing loss from cisplatin, between children treated 
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on the same treatment protocol and on different treat-
ment protocols, became known as the Brock grading. 
Ototoxicity was assessed in children treated with 
 cisplatin (60–100 mg/m2 per course), who were at least 
2 years from stopping treatment. The median age at 
diagnosis was 2 years 2 months (range 1 month to 13.5 
years). On the basis of hearing assessment by pure-
tone audiometry, a practical grading system of hearing 
loss from 0 to 4 was designed. Moderate to severe 
high-frequency hearing loss (grade 2–4) was found in 
half the children and ten required appropriate hearing 
aids. The risk of developing ototoxicity increased sig-
nificantly with cumulative cisplatin dose (p = 0.027), 
although there was considerable individual suscepti-
bility. Serial follow-up testing, to a median of 4 years 
after completion of cisplatin treatment, showed no 
recovery of hearing in any of these children. The 
authors advised careful monitoring of young children 
by a consultant audiological physician throughout 
treatment with cisplatin, particularly when doses of 
400 mg/m2 or over were reached. The design of this 
system was based on the analysis of the audiograms 
from 41 children (82 ears), who had developed high-
frequency hearing loss. The slope of these audiograms, 
over the impaired hearing frequencies, averaged 45 dB 
per octave. At a given frequency, where hearing loss 
was less than 40 dB, it was rare to see worse impair-
ment at a lower frequency. In 72 of 82 ears which 
developed high-frequency hearing loss (HFHL), at a 
given frequency, hearing remained at or better than  
15 dB at all lower frequencies. In 10 of 82 ears, hear-
ing threshold levels were 20 dB in 5 and 25 dB in 5 at 
one octave below; hearing was normal at the remain-
ing lower frequencies. In the knowledge that hearing 
would be normal or minimally affected at frequencies 
below this, 40 dB was chosen as the cut-off level. The 
hearing loss was graded according to the frequency at 
which this cut-off level was reached (Table 15.1). 
Hearing loss was consistently bilateral, so the results 
obtained from the “better” ear were those used to 
define the grade (Brock et al. 1991).

The Brock grading system has been used in SIOPEL 
studies to assess the ototoxicity of different regimens 
since the 1990s, using institutional results. In the most 
recent publications of the SIOPEL 3 standard risk 
study, approximately, 30% of children had Brock grade 
1–4 hearing loss (Perilongo et al. 2009). However, 
when the standard risk ototoxicity results of SIOPEL  
2 and 3 were pooled, including data only from 

countries with an audiology reporting rate of over 
60% of patients, a larger proportion of patients were 
shown to have Brock grade 1–4 hearing loss (R. 
Maibach,  2007, personal communication). The alter-
nating cisplatin/carboplatin and doxorubicin dose 
dense regimen used in the high-risk SIOPEL 2 and 3 
studies is more ototoxic confirming findings reported in 
other pediatric cancers where combined cisplatin/car-
boplatin regimens are used (Kushner et al. 2006). As in 
all international clinical trials, getting full compliance 
with complete audiological testing in all patients 
remains a challenge. Attempts to reduce ototoxicity 
have so far failed. Unfortunately, the introduction of 
amifostine did not reduce platinum toxicity in HB 
patients in an American study (Katzenstein et al. 2009). 
The SIOPEL 6 trial, in standard risk HB, is testing the 
otoprotectant sodium thiosulfate (STS) in a randomized 
Phase III setting in the hope of reducing cisplatin oto-
toxicity, at the same time as improving compliance and 
introducing central review of audiological test results.

If high-frequency hearing loss is impairing speech 
and learning (grade 2 or more) then hearing aids will 
be necessary. Digital hearing aids should be preferred. 
They do not completely correct hearing, but improve 
learning and speech development. In many cases, after 
treatment for liver tumors, hearing loss is minimal or 
mild but learning is facilitated when the family and 
teacher understand the pattern of hearing loss and help 
the child to compensate. Children should be seated at 
the front and to the side of the class and the teacher 
should turn to face them when turning toward the class. 
Provided the child can see the teacher he/she will learn 
to distinguish sounds and language and spontaneously 

Bilateral hearing loss Grade Description

£40 dB at all frequencies 0 Minimal

>40 dB at 8,000 Hz and 
above

1 Mild

>40 dB at 4,000 Hz and 
above

2 Moderate

>40 dB at 2,000 Hz and 
above

3 Marked

>40 dB at 1,000 Hz and 
above

4 Severe

Table 15.1 Brock classification of cisplatin-induced bilateral 
high-frequency hearing lossa

a The results used are obtained by pure-tone audiometry, from 
the “better” ear.
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learn to lip read. Family, friends, and teachers need to 
speak clearly to the child without shouting. Shouting 
increases the lower frequency sounds as well as the 
higher frequency sounds which are already difficult to 
hear. Reducing background noise is always helpful 
(Helt-Cameron and Allen 2009).

It is unusual for a child to develop high-frequency 
hearing loss when treated with carboplatin alone, 
unless it is used at myeloablative doses. However, in 
combination with cisplatin, ototoxicity increases.

Neurological Toxicity

Neurological toxicity is very rare in children, although 
it is the dose-limiting factor in the adult population, 
particularly the elderly. Carboplatin does not cause 
neurotoxicity.

15.3.2  Doxorubicin

15.3.2.1  Administration

This should be administered in a glucose solution as a 
slow intravenous infusion of 1 h or more. In some 
treatment protocols, long-term infusion has been advo-
cated over 24–48 h with the aim of reducing cardiotox-
icity. More recently, cardioprotectants have been used 
together with short-term infusions. However, the long-
term effects of using cardioprotectants in children are 
still awaited. Longer-term infusions are known to 
increase the risk of mucositis which in turn increases 
the risk of infection.

15.3.2.2  Acute Toxicity

 Nausea and Vomiting

Emesis is marked as with cisplatin. Should extravasa-
tion occur locally, the infusion should be stopped 
immediately when pain is experienced and the area 
abundantly flushed subcutaneously with saline. Some 
skin areas may require skin grafting if a third-degree 
burn develops. Mucositis can be severe particularly 
with longer infusion times. Mouth care is important 
but cannot prevent mucositis. At the first signs of pain, 

adequate pain medication should be given. In many 
cases, morphine or morphine derivatives are necessary 
as well as nutritional support.

 Bone Marrow Toxicity

The pancytopenia produced by standard dose anthra-
cyclines is similar to that of carboplatin. Time to 
full blood count recovery is approximately 21 days. 
Granulocyte colony stimulating factor, G-CSF, can be 
useful in reducing days in hospital due to infection.

 Mucositis

The longer the anthracycline infusion the more marked 
the mucositis will be. This can be extremely painful 
and require opiate support.

15.3.2.3  Late Toxicity

 Cardiotoxicity

Anthracyclines are an effective modality in the treat-
ment of HB. Unfortunately, their efficacy comes at a 
cost. It has been known since their initial use in the 
1970s that they can cause early and late onset cardiac 
failure due to the direct effect on the cardiac myocytes 
(Van hoff et al. 1979).

Pathologically, anthracyclines cause Z band disrup-
tion, vacuolation, and myocyte death with replacement 
fibrosis but no inflammatory changes, differentiating 
the cause from myocarditis (Billingham and Masek 
1993). The anticancer effects of anthracyclines are 
mediated primarily through inhibition of DNA synthe-
sis, transcription, and replication, but they also gener-
ate oxygen-derived free radicals, using iron as a 
co-factor and the mitochondrial respiratory chain. 
These free radicals cause direct damage to proteins, 
lipids, and DNA. The cardiac myocytes appear to have 
a poorly functioning oxygen-free radical scavenging 
enzyme system, compared with other tissues and this 
may explain the preferential toxicity of anthracyclines 
for cardiac muscle.

Damage occurs at the time of the insult but may be 
clinically significant only after many years. Studies 
have suggested that the cumulative incidence of 
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cardiac failure shows no plateau even at 30 years 
posttreatment (Mulrooney et al. 2009; Pein et al. 
2004). The myocardium heals by replacing the myo-
cytes by fibrosis and remodeling rather than regrowth. 
Previously it was thought that the total number of 
myocytes was static after birth, but recent studies sug-
gest that there is a low rate of turnover. However, car-
diac myocytes do not increase in overall numbers 
after the postnatal period and in fact, there is a low 
level loss year on year (Nadal-Ginard et al. 2003). 
Adaptation occurs in the young by remodelling, using 
the capacity to increase myocyte volume and there-
fore often delaying the onset of clinical symptoms, 
or in severe cases, early onset cardiac failure may 
improve initially.

There are no specific studies on the incidence of 
cardiotoxicity in HB patients, but publications of clini-
cal trials mention cardiotoxicity occurring in patients. 
In addition, a UK population-based study evaluating 
the requirement for cardiac transplantation in child-
hood cancer survivors identified two HB patients 
requiring heart transplantation, in a group of 43, over a 
20 year period (Levitt et al. 2009).

Mortality and morbidity studies, performed on sur-
vivors of all types of childhood cancer, highlight an 
increased relative risk of cardiac disease after anthra-
cycline administration (Tukenova et al. 2009; Mertens 
et al. 2008; Mulrooney et al. 2009). Tukenova reported 
a fourfold higher risk of cardiac deaths, compared to 
the general population, when treated with a cumulative 
dose of anthracyclines of 360 mg/m2 in a cohort diag-
nosed before 1986. This was similar to the Childhood 
Cancer Survivor Study (CCSS) which reported a 3.1 
relative risk for doses of 401 mg/m2 or more. The recent 
report on cardiac morbidity highlighted the increased 
risk of cardiac failure after anthracycline exposure, in 
excess of 250 mg/m2 (Mulrooney et al. 2009).

Kremer et al. conducted a systematic review of  
the frequency of and risk factors for subclinical and 
clinical cardiomyopathy after anthracycline treatment 
(Kremer et al. 2002a, b). An incidence of cardiac dec-
ompensation of 0–16% was reported with an increased 
incidence for subclinical damage of 0–57% with evi-
dence of progression to the clinical state.

Cumulative dose is the most important risk factor 
linked to increasing duration from the end of treatment 
(Sorensen et al. 2003). All doses have been implicated, 
but studies suggest that doses above 250–350 mg/m2 
represent an increased risk of deteriorating cardiac 

disease over a 10–30 year period (Pein et al. 2004; 
Mulrooney et al. 2009; Tukenova et al. 2009). Other 
risk factors include young age, an important risk factor 
for liver tumor patients who tend to be under 2 years 
at diagnosis. In some studies, females appear to be 
more at risk compared to males, although not univer-
sally identified (Silber et al. 1993; Lipshultz et al. 
1995; Sorensen et al. 2003).

Initially, patients with liver tumors were treated 
with bolus doses of anthracyclines. The two heart 
transplant patients, mentioned above, received their 
anthracyclines as bolus doses. Subsequently, 48 h infu-
sion or cover with dexrazoxane has been used to pro-
tect against cardiac damage. Interestingly, this method 
of administration of anthracyclines has been shown to 
be relevant in adult studies, although no clear differ-
ence has been identified in children; however, this is 
probably due to the rarity of randomized studies (Van 
Dalen et al. 2009). The use of a cardioprotectant such 
as dexrazoxane has been shown in adult and pediatric 
randomized studies to be effective in reducing the inci-
dence of cardiac events (Van Dalen et al. 2008; Bryant 
et al. 2007). Dexrazone’s action is to reduce the oxy-
gen-free radicals available to cause damage to the car-
diac myocytes by iron chelation. Concerns have been 
raised about a potentially increased risk of second can-
cers, but these were in studies of patients with Hodgkins 
lymphoma (Tebbi et al. 2010) and in patients with 
high-risk acute lymphoblastic leukemia (Salzer et al. 
2010). The concern for the relative risk of dexrazones 
producing second cancers has to be weighed against 
the solid evidence of the risk of anthracycline-induced 
cardiotoxicity in the very young (Lipshultz et al. 
2007).

It is vital to appreciate the risk of progressive cardi-
omyopathy in liver tumor survivors who have received 
anthracyclines and to monitor them carefully over 
many years. The method of choice is noninvasive 3D 
echocardiogram performed serially to give information 
of progressive cardiac impairment. Care must be taken 
with interpretation due to the effect of anthracyclines 
on septal motion which can make accurate assess-
ment of the fractional shortening difficult. Various 
long-term follow-up guidelines (SIGN 2004; COG 
2004; Skinner et al. 2005) suggest 3–5 yearly ultra-
sound assessments if the end of treatment echocardio-
gram is normal. If abnormal (FS < 28%) then referral to 
a cardiologist is advisable. Female patients who become 
pregnant should receive cardiac monitoring throughout 
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pregnancy as there are anecdotal reports of decompen-
sation during pregnancy. However, a small study of 53 
females did not identify an increased incidence of car-
diac failure during pregnancy (Van Dalen et al. 2006). 
The use of “anti failure” drugs is established for clini-
cal cardiac dysfunction, but there is still ongoing debate 
as to their use in the subclinical situation.

15.3.3  Vincristine

15.3.3.1  Administration

This is given as a slow (5–10 min) bolus intravenous 
injection into a free flowing vein. It causes superficial 
extravasation wounds.

15.3.3.2  Side Effects

The most frequent is constipation and all parents should 
be taught about constipation and laxatives should be 
prescribed for all children receiving vincristine.

Another important side effect is pain which is often 
located around the jaw and can impair eating. Parac-
etamol is often sufficient for pain relief but sometimes 
gabapentin can be useful. Loss of tendon reflexes, 
clumsy gait, and reduced dorsiflexion of the foot are 
all temporary side effects. However, if active dorsiflex-
ion is lost, this can lead to foot drop and side stepping 
if not surveyed sufficiently and the vincristine dose is 
not reduced or temporarily stopped. Fortunately, this is 
rarely a problem in young children. It is possible that 
the therapeutic index could be improved (Moore and 
Pinkerton 2009).

Other side effects include ileus and seizures. 
Prolonged use can produce thinning of the thenar and 
hypothenar eminence of the hands, again not common 
in children with liver tumors.

15.4  Conclusion

The majority of children being treated for the most 
common primary liver cancer, HB, with multimodal 
treatment can be cured. However, this comes with a 

medical cost. Children susceptible to the late effects of 
therapy will have potential permanent late effects 
which in the case of platinum toxicity, if present in the 
year after treatment, will require life-long attention. 
These include the renal and audiological damage. 
The cardiac effects from anthracyclines may not be 
apparent at the end of treatment, and therefore, long-
term follow-up of patients with echocardiograms is 
necessary.
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16.1  Introduction

Clinical trials provide the best means to test and estab-
lish new treatments. Childhood liver cancer is no 
exception to this rule. However, the rarity of the dis-
ease poses a special challenge because it severely lim-
its the number of trials that can be conducted. Any 
decision for a new trial sets the direction for a pro-
longed period. Such decisions therefore need to be 
taken with great circumspection in order to maximize 
the benefit derived from the research. Precious time 
may be lost otherwise.

International collaboration for the conduct of multi-
center trials has been organized in the past by SIOPEL, 
the International Childhood Liver Tumor Strategy 
Group. This successful research has yielded excellent 
results, and the outcome was improved greatly by the 
introduction of effective presurgery chemotherapy, a 
staging system useful for treatment stratification, sur-
gical guidelines, and careful monitoring of adverse 
events. Part of the improvement in treatment results 
can certainly also be attributed to the enhanced com-
munication among investigators assembled in a collab-
orative group.

The environment for clinical research has greatly 
evolved. It takes more than a group of friends and a 
consensus about a therapeutic approach to start clinical 
research. The legal requirements for the conduct of tri-
als have changed completely in the past few years and 
the researchers need to comply with a complicated set 
of rules not only in their work with their patients but 
above all in their interaction with supervisory agencies 
at the regulatory level. This is a major challenge, espe-
cially for academic clinical research. It may, however, 
also constitute an opportunity to reorganize and 
improve.
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The way forward in the development of improved 
treatment strategies in childhood liver cancer is not 
very different from other malignant diseases in which 
surgery plays a central role. Clinical trials are needed 
to reach firm evidence on the efficacy and feasibility. 
The challenge is to quickly reach a good recruitment 
rate to complete studies in reasonable time. Many 
parameters contribute to the relative attractiveness of a 
trial, and these need to be considered with circumspec-
tion. A maximum of information should be derived 
from the limited number of patients. For the investiga-
tors, it is crucial not to be burdened with any task, 
which is not strictly necessary to attain the objectives 
of the trial. The correct staging and prognostic stratifi-
cation at diagnosis is a good example for an essential 
requirement. It must also be clear that a central review 
of histology and (in advanced disease) imaging is man-
datory. In addition, the collection of biological mate-
rial constitutes a unique opportunity to obtain a 
maximum of information on the tumor and the host. 
The combination of standardized clinical documenta-
tion and determination of biological markers in a cen-
tral laboratory has proven successful in other diseases, 
and will certainly do so in childhood liver cancer as 
well.

16.2  Challenges

16.2.1  Clinical Trials in Very  
Rare Diseases

Extremely rare diseases may be perceived as less 
rewarding to study, both for the academic investigator 
and the medicines producer. Building a career on clini-
cal research in childhood liver tumors may take a dis-
proportionate time. The development of special 
medicines for the treatment of hepatoblastoma (HB) or 
childhood hepatocellular carcinoma (HCC) may be 
unrealistic, but even the rigid proof of efficacy in child-
hood cancer for substances already in use for adults is 
time-consuming, and moderate improvements with 
respect to standard treatment may not be statistically 
provable at all. There is a set of considerations on the 
safety and welfare of the trial subject, which is accepted 
universally, and must be respected. Can they be relaxed 

in very rare diseases? The established principles gov-
erning the generating of firm evidence should not be 
softened hastily when confronted with a rare disease. 
Yet indiscriminately applied strict rules on the plan-
ning and conduct of therapeutic trials have led to 
bureaucratic impediments for rare childhood diseases, 
which are clearly counterproductive. The price to be 
paid by the patients, their families, and society as a 
whole is too high when new academic trials are not run 
because financial and work burden hurdles cannot be 
overcome by the medical community. The implemen-
tation of the Clinical Trials Directive in the European 
Union in 2005 directly delayed the implementation of 
new SIOPEL trials by 1–2 years due to the obligation 
to obtain regulatory approval. While member states 
developed their own adaptation of the regulation, often 
counter-acting the harmonization planned by the 
Directive, academic researchers were facing additional 
hurdles in the activation process without any trial-
related funding available.

16.2.2  Staging Systems

Correct staging is crucial to determine the therapeutic 
approach. Currently, two staging systems are in use. 
The Children’s Oncology Group (COG) uses a post-
operative staging for operable patients (Ortega et al. 
2000). The SIOPEL group has always used an ana-
tomic diagnostic staging for stratification of patients 
in view of treatment decisions (Roebuck et al. 2007). 
This difference complicates the comparison of treat-
ment results obtained by the respective groups. 
Staging is the first step in taking care of a patient, and 
the treatment strategy will be chosen based on a clas-
sification into prognostic categories. The intergroup 
conduct of common clinical trials requires the use of 
the same staging system. The PRETEXT system lends 
itself well and is increasingly used throughout the 
world (Chap. 7). A retrospective evaluation of data 
from the Intergroup CCG/POG study INT-0098 on 
diagnostic imaging, histology, and AFP level as prog-
nostic factors is readily available as diagnosis of a 
hepatoblastoma has shown the relative merits of 
PRETEXT and the COG staging system (Meyers et al. 
2009). This encouraging report will lead to more 
widespread use of the PRETEXT system.
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16.3  Trial Designs

16.3.1  The Hypothesis Dictates  
the Trial Design

Trials with small sample sizes are ideal in the early 
phase of developing a therapeutic approach. There are 
several single arm phase II designs, which are widely 
used. Two-stage designs have a built-in interim evalua-
tion after the inclusion and evaluation of patients in 
stage 1, allowing an early look at the efficacy endpoint 
with predefined criteria for early stopping in case of 
lower than expected efficacy (Simon 1989). A multino-
mial design can take into account more than a simple 
success or failure in the endpoint. In a single arm trial 
for relapsed hepatoblastoma patients, SIOPEL uses a 
two-stage design based on the simultaneous assessment 
of both response and early progression in the patients. 
Accrual is stopped after stage 1 if the required number 
of responses is not attained or the rate of early progres-
sion is elevated. Otherwise, recruitment continues up to 
the total planned sample size (Zee et al. 1999).

Phase II trials usually lack a control arm, and will 
only deliver a preliminary estimation for efficacy and 
tolerability, which will be heavily influenced by patient 
selection. They are therefore only useful to give an 
indication whether the tested substance is worth being 
studied in more detail. The classical randomized phase 
III trial for the comparison of two or more treatment 
arms gives much more definite answers about the value 
of a new therapeutic approach. In an extremely rare 
disease such as childhood liver cancer, a phase III is 
very difficult to conduct due to the elevated sample 
size needed to obtain adequate statistical power. One 
might be tempted to use a randomized phase II design 
to reduce the required sample size. There is, however, 
an important distinction between the hypotheses to be 
tested: a phase III is typically used to test the superior-
ity of one treatment over another in a head-to-head 
comparison, whereas a randomized phase II must be 
seen as two or more single-arm trials run in parallel 
and yielding preliminary efficacy results, like estimates 
of a success or event rate (Simon et al. 1985). The 
result of a randomized phase II trial may be used to 
select the most promising of two or more new sub-
stances for further study, but does not allow a definitive 
conclusion about superiority.

The SIOPEL 3 trial for HB encompassed two trial 
runs in parallel, a randomized study for standard-risk 
HB (SR-HB) and a single-arm study for  high-risk HB 
(HR-HB). HR-HB aimed to improve the success rate 
(here: the rate of complete resection after preopera-
tive chemotherapy) over the one observed in the 
SIOPEL 1 study, which had introduced for the first 
time the cisplatin–doxorubicin regimen. The compar-
ison with a historical control was chosen because it 
was felt that the group would be unable to accrue a 
sufficient number of patients for a randomized com-
parison. The use of historical controls is, however, 
debatable, and the risk of a stage-shift and external 
factors evolving over time and influencing the out-
come is high, especially in a rare disease: The 
 historical controls from SIOPEL 1 were treated 
between 1990 and 1994, HR-HB recruited patients 
between 1998 and 2004; institutions joining the group 
during HR-HB were less experienced than the long-
term participants of SIOPEL1; a stage  downshift from 
higher to lesser risk may have counterbalanced an 
increase of efficacy (Zsiros et al. 2010).

The SR-HB part of SIOPEL 3 was designed to test 
the hypothesis that preoperative chemotherapy with 
cisplatin alone was not less efficacious than the  
cisplatin–doxorubicin combination introduced in 
SIOPEL 1. This was a very ambitious goal in view of 
the limited recruitment rate of about 35 per year, 
because noninferiority designs usually call for ele-
vated sample sizes. A compromise was made by 
choosing a relatively high noninferiority margin of 
10% difference in rates of complete resection.  
A reduction of the success rate by this amount would 
hardly be clinically acceptable. This margin was, 
however, useful for the group-sequential interim 
monitoring designed to stop the trial early in case of 
emerging evidence of inferiority, limiting the risk 
that too many patients would be treated with an infe-
rior chemotherapy. Yearly interim analyses were 
submitted to an Independent Data Monitoring 
Committee, and the trial was not stopped early 
because the results were reassuring (Perilongo et al. 
2009). The trial has shown that the difference in 
resection rates was much less than 10% and that cis-
platin monotherapy for standard-risk patients yields 
excellent short- and long-term results and lower 
acute toxicity rates, while avoiding the potential late 
sequelae of anthracyclines.
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16.3.2  Biomolecular Investigations

Biological properties of both tumor and host play an 
important role in the natural course of the disease and 
in the success of therapeutic interventions (Chap. 3). 
At the time when a new trial protocol is being devel-
oped, known biomarkers may already be used to 
stratify patients. The determination of these markers 
may take place at the treating institution or centrally 
at one laboratory for all sites participating in the trial. 
The second option is logistically very challenging 
since results must be available within very few days 
in order to reach a decision on the treatment of a 
newly diagnosed patient. Therefore, fresh frozen or 
paraffin-embedded biopsy material is usually assessed 
and stored locally. Central review can be done later 
without time pressure and is important to give feed-
back to local sites about the accurateness of their 
results, thus providing an incentive to adjust the qual-
ity where necessary. Such exchange of expert advice 
is particularly valuable for very rare diseases. Beyond 
the decision-making use for the patient, such material 
may, however, also become extremely valuable for 
the next generation of patients at a later stage. New 
treatment targets may be identified years after the 
treatment of the patient has been completed. Such 
new findings will not benefit the patient who has 
donated the material, but will help assign treatment 
for future patients who are susceptible to benefit. 
Only centralized material can be assayed relatively 
quickly. Central banking is a hallmark for a modern 
clinical trial, and should be clearly mentioned both in 
the protocol and in the patient information. The avail-
ability of the standardized clinical documentation of 
the treatment and  follow-up for patients who have 
participated in trials renders the material even more 
precious and allows conclusions, which may not be 
obtainable from simple case series. The tumor bank 
of SIOPEL demonstrates the feasibility of central 
banking (Chap. 5).

16.3.3  Case Report Forms

It is crucial that the cooperative group coordinating  
the trial prepares a clearly readable protocol and case 
report forms (CRFs), which capture the essential 

information without going into unnecessary details. 
CRF design is a science in its own right. Nevertheless, 
some principles are repeated here:

Great care has to be used to make sure that •	 primary 
and secondary endpoints are captured correctly and 
completely.
The •	 schedule and scope of examinations should 
adhere to generally accepted standards and should 
not impose unwarranted burdens on the patient or 
the investigator.
Reporting of certain adverse events can only be •	
considered complete for targeted events; unspecific 
questions asking for “any other” adverse events 
should only be used if they are necessary in the 
clinical context and can add to the understanding  
of the case history of single patients. Summary 
reporting will have to refrain from calculating  
rates for such events since they are likely to be 
underreported.
The “end-users” need to be involved in the design •	
phase of the CRF, because they will be working 
with the collected information: chairperson, safety 
officer, medical reviewer, data manager, and last but 
not the least, the statistician.
The data collection should be restricted to the nec-•	
essary minimum, asking for too many details is 
counterproductive and may reduce the overall data 
quality.

16.4  Trial Conduct

16.4.1  Why Bother to Treat Patients  
in Clinical Trials?

Many factors are critical for the successful conduct of 
a clinical trial and need to be considered carefully.  
A rare type of cancer in children poses an even greater 
challenge. Participating sites may not see a HB case 
for many months or even years. Yet they should be 
ready not only to treat the patient according to the pro-
tocol but also to enroll the patient into the trial and to 
document treatment and outcome. The investigator 
needs to take many preparatory steps (preparation of 
patient information and consent form, ethics commit-
tee submission, health authority submission, essential 
documents according to GCP) well in advance and 
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without guarantee that she will have to treat patients 
who are eligible for inclusion into a certain trial.

The investigator may therefore face the dilemma  
of making a choice and concentrate on the activation 
of trials in his particular area of interest or expertise, 
or the disease category in which the majority of 
patients are seen. In this respect, liver cancer protocols 
are not in the pole position in the race for early activa-
tion. Yet the option of keeping the protocol in the 
drawer and only opening it once a patient is diagnosed 
with this particular disease is not a valid alternative 
either. Off-protocol use of protocol treatment may 
mean that an experimental therapy is applied without 
proper support and documentation. Apart from violat-
ing the rules of Good Clinical Practice (GCP), it 
excludes the treating physician from the often indis-
pensable access to peers who have developed the ther-
apy and are most knowledgeable about it. Furthermore, 
the experience of the particular patient is lost to the 
scientific community, a loss that is particularly high in 
a very rare disease.

16.4.2  Complete Documentation  
of All Included Patients

Often, trial protocols state that the analyses will be 
done according to intention to treat (ITT). The mean-
ing of ITT will be covered in the next section. This 
principle has important consequences for the local 
investigator: the clinical course of the patient will need 
to be documented completely, regardless of any devia-
tions from protocol treatment, including complete stop 
of the trial treatment. The investigator has two com-
mitments, which need to be reconciled. He has to treat 
the patient according to his best knowledge, including 
deviations from protocol treatment if clinically indi-
cated. But equally important, the patient (or legal rep-
resentative) has agreed to participate in scientific 
research and therefore has declared the will to be com-
pletely documented, and may not be “withdrawn from 
protocol,” except if she has withdrawn consent to any 
further documentation. In case of treatment being 
stopped, a patient may only be considered as having 
“stopped protocol treatment”, but will remain in the 
protocol, and the documentation of long-term outcome 
needs to continue.

16.4.3  Interim Monitoring

During the conduct of the trial, the sponsor has the 
obligation to monitor several aspects, which are all 
crucial for the safety of the patient and for the success 
of the trial:

Actual recruitment rates are compared to rates •	
anticipated in the protocol to determine if the trial 
will complete recruitment within reasonable time.
The documentation on case report forms has to be •	
available almost in real time, to ensure that no 
important developments and trends in both outcome 
and toxicity are missed.
Patient safety needs to be continually verified by •	
monitoring adverse events, especially suspected 
unexpected serious adverse reactions (SUSARs), 
which are subjected to expedited reporting to regu-
latory authorities.
If the primary endpoint of the trial is a measure of •	
efficacy, benefit and sometimes futility need to be 
assessed at points predetermined in the protocol.

The sponsor of the trial must compile interim reports 
covering the above-mentioned issues. There is a 
potential for the sponsor to be biased in favor of the 
experimental therapy tested in the trial. Its conclu-
sions from an interim report need to be critically 
reviewed by experts with no vested interest in the  
trial results. An independent body, usually called 
Independent Data Monitoring Committee (IDMC) or 
Data and Safety Monitoring Committee (DSMC) 
should therefore be in place to review interim and 
final reports. The IDMC must be knowledgeable with 
respect to the disease and its standard treatment, and 
has to consider not only the interim results but also 
any other important findings from other sources such 
as recent publications, which may have appeared after 
the trial was started. It is the responsibility of the 
IDMC to formulate recommendations, while the spon-
sor (or a Trial Steering Committee) is responsible for 
deciding and taking actions. The guidelines governing 
the role of the IDMC determine the periodicity of its 
meetings.

Interim evaluations are usually outlined in the pro-
tocol. Modern randomized phase III trials comprise 
formal monitoring of the primary efficacy endpoint. 
Sequential or group-sequential designs include rules 
on early stopping based on statistical reasoning on 
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the likelihood of interim results. They serve to check 
if the data collected so far are in line with the hypoth-
esis formulated in the protocol. Early stopping may 
be indicated in case of a higher than expected effect 
size. In this case, it may be unethical to continue to 
expose a portion of the patients to an inferior treat-
ment. The randomization may also have to be stopped 
for futility, i.e., in case it appears highly unlikely that 
the trial will ever yield a significant difference 
between treatment arms. For both scenarios, stopping 
rules should be prospectively formulated and based 
on statistical considerations. Safety concerns may 
also lead to early stopping or a major revision of the 
protocol. Such findings are sometimes unexpected 
and therefore lend themselves much less for a pro-
spective formulation of a precise rule. In such cases, 
the expertise assembled in the IDMC weighs in to 
judge the situation.

16.5  Presentation and Interpretation  
of Results

16.5.1  Intention to Treat Analysis

As mentioned in Sect. 16.4.2, clinical trials generally 
plan an evaluation according to ITT. This means that 
patients are counted in the analysis as they were 
included, independent of any deviation from the pro-
tocol during their treatment. The principle of doing 
an ITT evaluation is based on the fundamental ratio-
nale that only ITT will avoid the introduction of an 
undue selection bias into the analysis. As an exam-
ple, patients who had to stop trial treatment early due 
to lack of tolerability must be counted in the denomi-
nator of the rate of success, even though they never 
had a chance to respond to the treatment. The effect 
size estimation will show a reduced success rate 
reflecting that some patients cannot tolerate the treat-
ment. The ITT result can therefore be interpreted as 
describing what is to be expected at the time the 
treatment decision is taken, and not post hoc, after 
elimination of the “bad players.”

Noncompliance with protocol treatment may bias 
the results in both directions, since patients may 
receive overtreatment in some and undertreatment  
in other cases. The investigator may have had an 

excellent reason for such deviations and indeed does 
have to change the regimen if this is needed in the 
best interest of the patient. The protocol may describe 
an ideal situation, and clinical practice may look 
substantially different. Still, deviations should only 
occur for good reasons, and consulting with the trial 
coordinator may be appropriate to avoid unnecessary 
noncompliance.

In randomized trials, the situation becomes more 
complicated. In addition to the above-mentioned 
problems, inadvertent application of the wrong ran-
domization treatment will lead to dilution of ITT 
results. For a two-arm trial, a simple calculation 
shows that effect sizes of 50% in arm A and 60% in 
arm B will change to 51% and 59% in both arms if 
10% of patients are treated in the opposite arm. This 
can be described as a deviation toward the null 
hypothesis of no difference. A trial designed to 
detect the difference from 50% to 60% with a power 
of 80% will have its power reduced to 61% in the 
ITT analysis by such an amount of noncompliance. 
Should noncompliant patients therefore be excluded 
from the analysis? The answer is no: Any exclusion 
of patients from an analysis may raise the suspicion 
that these patients are removed arbitrarily because 
they influence the results in the direction opposite to 
what the investigator would like to achieve. Only 
ITT will prevent such undue influence in the results. 
Moreover, a certain degree of deviation from the 
ideal situation assumed in the protocol is inevitable 
and reflects clinical reality. However, the trial team 
may add a per protocol analysis (PP), which only 
includes patients who have been treated according 
to randomization (ICH Harmonised Tripartite 
Guideline 1999). If the results of ITT and PP lead to 
different conclusions, then this has to be discussed 
carefully when the results are published. Such a pro-
cedure was adopted for SIOPEL 3 SR-HB (Perilongo 
et al. 2009). This was a noninferiority trial where 
the deviation toward no difference is seen as partic-
ularly problematic, because a sufficient amount of 
noncompliance will by its very nature lead to a result 
of noninferiority: Due to the dilution effect, the 
results of the two treatment arms will approach each 
other, suggesting noninferiority even in case of a 
real underlying difference. An extension of the 
CONSORT statement gives recommendations on 
how to present the results of such trials (Piaggio 
et al. 2006).
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16.6  Opportunities

Several cooperative groups have built up a solid reputa-
tion for their long-standing investigations into child-
hood liver cancer, notably the Children’s Oncology 
Group, a merger of the former POG, CCG, IRS, and 
NWTS; the International Childhood Liver Cancer 
Strategy Group SIOPEL; the German Society for 
Pediatric Oncology-Hematology GPOH; and the 
Japanese Study Group for Pediatric Liver Tumor JPLT. 
All these groups conduct their own innovative investi-
gational program. Because of the very low incidence of 
HB and HCC, their potential to recruit patients into 
clinical trials is limited. Most of their trials are there-
fore phase I and II single arm, whereas randomized tri-
als are the exception. Only by a combined effort could 
they conduct a sizeable phase III trial in a reasonable 
time. This appears like a very attractive option, but it 
can be discussed in good faith if this would be worth 
the huge effort of coordination: the legal framework 
differs between countries and much more so between 
continents, requirements like pharmacovigilance or 
protection of confidentiality constitute practical as well 
as cultural differences, which would have to be taken 
into account. SIOPEL with its membership spread over 
five continents has shown that this can be achieved, but 
experiences increasing difficulty to cope with this for-
midable task.

A sound competition between research groups for 
ideas and treatment concepts is an important factor as 
well in the quest for a cure for the disease. The upfront 
surgery approach for early-stage disease advocated by 
COG and the neoadjuvant concept of SIOPEL have 
both proven their value. The small world of childhood 
liver tumor specialists know each other well and the 
communication has greatly increased in the past years. 
This has only just started to transform into a coopera-
tion. COG and SIOPEL have decided to start a project 
with the acronym CHIC (Childhood Hepatic tumors 
International Collaboration). The goal is to define a 
basic set of variables, which will allow merging of data 
from previously conducted clinical trials. This will 
allow retrospective analyses especially for fine-tuning 
the prognostic stratification in view of developing ther-
apeutic strategies, and to identify prognostic factors at 

diagnosis independent of the initial therapeutic 
approach. For such data to be really valuable, they need 
to be available on a per patient basis, not as summary 
statistics. The challenge is to find a common data set 
despite the different structure and content of existing 
databases. Once CHIC will have proven its usefulness, 
it will serve as a basis for a closer coordination of 
research agendas and perhaps also for common clinical 
trials, where appropriate.
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17.1  Introduction

Apart from hepatoblastoma (HB) and hepatocarci-
noma, other rare hepatic neoplasms can occur in the 
pediatric age group (Table 17.1). Clinically, the most 
relevant group is mesenchymal tumors, comprising 
9–15% of primary malignant liver tumors. They include 
undifferentiated (embryonal) sarcoma, malignant rhab-
doid tumor, hepatobiliary rhabdomyosarcoma, and 
tumors showing perivascular epithelioid cell differen-
tiation (PEComas).

Vascular tumors typically arise in the liver. Most of 
them are benign, but infantile hemangioendothelioma, 
typical of very young children, and the very aggressive 
angiosarcoma are often difficult to manage, especially 
when unresectable.

Exceptionally, other tumors such as lymphoma or 
germ cell tumors arise primarily in the liver and should 
be considered in the differential diagnosis of space-
occupying liver lesions in the presence of normal  
levels of alpha-fetoprotein.

Finally, mesenchymal hamartoma, a benign cystic 
tumor, must also be taken into consideration because of 
its potential transformation in undifferentiated sarcoma.

17.2  Undifferentiated (Embryonal) 
Sarcoma of the Liver

17.2.1  Introduction

Different terms such as malignant mesenchymoma, 
embryonal sarcoma, and fibromyxosarcoma have 
been unified under the term, undifferentiated 
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(embryonal) sarcoma of the liver (USL) (Stocker 
and Ishak 1978). USL is considered a neoplasm typ-
ical of pediatric age with a peak between 5 and 
10 years. No sex predilection has been reported. The 
distinct age group, a normal level of serum alpha-
fetoprotein and the radiological appearance of the 
tumor usually alert the clinician to consider USL in 
the differential diagnosis of a liver mass. USL is an 
aggressive neoplasm and initial studies uniformly 
reported a poor outcome (Perilongo et al. 1987; 
Horowitz et al. 1987). More recently, an increasing 
number of long-term survivors have been observed 
after complete surgical excision with or without 
postoperative chemotherapy (Walker et al. 1992; 
Bisogno et al. 2002).

17.2.2  Epidemiology and Etiology

Due to the rarity of USL, population-based studies are 
lacking. According to different series of liver tumors, 
USL accounts for 6–15% of cases.

The etiology is unclear. USL may show rearrange-
ments of chromosomal band 19q13.4, including the 
translocation t(11;19) (q13;q13.4). The breakpoint at 
19q13.4 occurs at a locus referred to as mesenchymal 
hamartoma of the liver breakpoint 1, or MHLB1. As 
outlined below, conversion of mesenchymal hamar-
toma to USL has been documented (O’Sullivan et al. 
2001). USL may be part of the Li-Fraumeni syndrome 

(Lack et al. 1991) and sporadic cases of USL arising 
in an irradiated liver have been reported (Bisogno 
et al. 2002).

17.2.3  Clinical Presentation  
and Diagnosis

The clinical features of mesenchymal tumors com-
pared to the more common HB and hepatocarcinoma 
are shown in Table 17.2. The child with USL usually 
presents with an abdominal mass that may be accom-
panied by pain and, in some cases, by systemic symp-
toms such as fever, weight loss, or vomiting. Although 
symptoms are not distinctive, normal levels of alpha-
fetoprotein and older age may help suspect that we are 
not dealing with a classic liver tumor. Leukocytosis 
may also be present (Emre and McKenna 2004). In 
some cases, symptoms associated with tumor rupture, 
such as pain and abdominal bleeding, become evident. 
USL may spread outside the liver invading the nearby 
organs, and disseminate along hematogenous routes. 
Distant metastases are frequently found in lungs and 
bones, and in rare cases in brain and skin. A particular 
feature of USL is the presence of multiple lesions 
affecting most parts of both liver lobes.

The diagnostic work up is not different from that 
adopted for other liver tumors. Ultrasound (US) fol-
lowed by CT scan and/or MRI are important to 
understand the lesion characteristics and plan initial 
surgery. A discrepancy between the US and CT 
appearance is considered typical of USL. US evalua-
tion demonstrates a large multiseptated solid mass. 
Contrast-enhanced CT scan shows a large, markedly 
hypodense and predominantly cystic mass with mini-
mal enhancement, often limited by a peripheral rim. 
On MRI, the tumor is heterogeneous with high signal 
intensity on T2WI and low on T1WI. A peripheral 
enhancement of the surrounding pseudocapsule, 
 representing compressed liver tissue, and septa are 
evident on early-enhanced MRI, while neoplastic 
nodules may became enhanced on delayed imaging  
(Jha et al. 2009). It was shown that USL demon-
strates intense F-18 FDG uptake suggesting that 
PET/CT can be a useful imaging modality for the 
evaluation of the primary liver lesion and distant 
metastasis. 

Mesenchimal tumors

- Undifferentiated (embryonal) sarcoma
- Rhabdomyosarcoma
- Rhabdoid tumor
- Other sarcoma (i.e. PEComa, Leyomiosarcoma)

Vascular tumor
- Angiosarcoma
- Hemangioendotelioma

Other primary liver tumor
- Germ cell tumor
- Lymphoma

Border line tumor
- Mesenchymal hamartoma

Table 17.1 Rare hepatic tumors in pediatric age
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No recognized tumor staging for USL exists. The 
tumor is often classified according to the result of ini-
tial surgery and further treatment is decided accordingly.

17.2.4  Pathology

Macroscopically, USL are commonly large masses 
at presentation, measuring up to 35 cm in diameter. 
Peripheral parts of the lesions are usually solid, 
whereas the tumor center is often occupied by a cyst 
or multiple cystic spaces, hemorrhage, and necrosis. 
Histologically, USL consists of a loose and some-
times myxoid mesenchyme of variable cellularity 
(Fig. 17.1a). The main cell types consist of spindle 
cells, stellate cells, and highly polymorphous cells 
(Fig. 17.1b). Part of the large and giant cells contains 
multiple eosinophilic globular inclusions, a feature 
typical for USL (Fig. 17.1c). These inclusions are 
PAS-positive (Fig. 17.1d) and consist of stored gly-
coproteins. USL can invade the portal tracts and is 
then situated around bile ducts (Fig. 17.1e). But also 
far from portal tracts, USL contains entrapped, dam-
aged, and sometimes dilated bile ducts (Fig. 17.1f).

17.2.5  Treatment

17.2.5.1  Therapy of Non-ruptured Solitary 
Hepatic Lesions with or Without 
Metastases

In the old series, treatment was based mainly on tumor 
resection with radiotherapy and chemotherapy only 

occasionally employed. Chances of cure relied heavily 
on radical resection being obtained. In the original report 
published by Stocker and Ishak, only 6 of 31 cases 
reported were alive with no evidence of disease (Stocker 
and Ishak 1978). Subsequent studies confirmed a poor 
prognosis (Perilongo et al. 1987; Horowitz et al. 1987). 
A literature review spanning 1950 to 1988 reported only 
37% of patients to be alive (Leuschner et al. 1990). It is 
only in the late 1980s that the first evidence of long-term 
survivors after multi-agent chemotherapy was reported 
(Ware et al. 1988; Newman et al. 1989). Since evidence 
of tumor volume reduction following preoperative che-
motherapy has been demonstrated (Urban et al. 1993; 
Kadomatsu et al. 1992; Bisogno et al. 2002), chemo-
therapy is now routinely used in the treatment of USL. 
There are no known prognostic factors but patients with 
persistently unresectable tumor, multifocal lesions, and 
tumor rupture have been associated with a poorer prog-
nosis (Bisogno et al. 2002; Uchiyama et al. 2001).

The initial surgical approach must be carefully 
planned with the help of radiological investigations. 
When a complete tumor resection is unlikely to be 
achieved, surgery should not be aggressive and be lim-
ited to a biopsy to establish the diagnosis. An open biopsy 
is usually required. The cystic nature of the lesions and 
the presence of necrotic material, with neoplastic cells 
only present in the septa, often preclude a final diagnosis 
when fine needle aspiration or tru cut biopsy are used.

Multi-agent chemotherapy has produced varying 
degrees of tumor volume reduction in more than 60% 
of patients (Bisogno et al. 2002; Horowitz et al. 1987) 
in the most representative series. Chemosensitivity of 
USL has also been demonstrated by the histological 
examination of the post-chemotherapy resected lesions 
where total or subtotal (more than 95%) tumor necrosis 
was  documented (Urban et al. 1993; Moon et al. 1995; 

Hepatoblastoma Hepatocarcinoma Undifferentiated 
sarcoma

Angiosarcoma Rhabdomyosarcoma

Age 0–3 5–18 5–10 3 2–5

Sex M > F M > F M = F F > M M > F

Symptoms Abdominal mass Abdominal mass,  
fever weight loss

Abdominal  
mass

Abdominal  
mass

Abdominal mass, 
jaundice

Markers Alfa-fetoprotein Alfa-fetoprotein none none none

Possible 
preexisting 
lesion

Tyrosinemia  
cirrhosis

Mesenchimal 
hamartoma

hemangioendote-
lioma

Table 17.2 Clinical presentation of the different pediatric liver tumors
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Fig. 17.1 (a) Undifferen tiated (embryonal) sarcoma (USL). 
Note the loose mesenchymal tissue consisting of spindle and stel-
late cells (hematoxylin and eosin stain). (b) At higher magnifica-
tion, pleomorphic giant cells typical for USL are seen 
(hematoxylin and eosin stain). (c) In this part of USL there are 
few giant cells containing eosinophilic globular inclusions, a 
characteristic  feature of this tumor (hematoxylin and eosin stain). 

(d) The inclusions shown in C are PAS-positive. Note the stellate 
character of some of the tumor cells (PAS stain). (e) Neoplastic 
tissue of USL tends to grow around preexisting bile ducts, form-
ing a neoplastic tissue sheath (hematoxylin and eosin stain). (f) 
The bile ducts located within the tumor tissue are sometimes 
markedly dilated (cytokeratin-19 immunostain)
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Bisogno et al. 2002). In some of these cases, tumor 
reduction was minimal in size due to the cysts not shrink-
ing after chemotherapy. The use of chemotherapy in the 
adjuvant setting is more debatable. Occasional patients 
cured with surgery alone have been reported (Walker 
et al. 1992), but the majority of studies report disappoint-
ing results (Lack et al. 1991; Aoyama et al. 1991), so that 
chemotherapy should also be considered in case of radi-
cal tumor resection or in case of microscopic residuals. 
The chemotherapy regimens used against USL are usu-
ally based on the experience derived from the treatment 
of sarcoma (Table 17.3). Ultimately, it is quite difficult 
to decide which drugs included in the polychemotherapy 
regimens employed are the most effective. Alkylating-
based regimens with or without anthracyclines have 
shown to be effective (Urban et al. 1993; Bisogno et al. 
2002). The IVA (ifosfamide, vincristine,  actinomycin-D) 
or VAIA (IVA plus adriamycin) combinations are  

currently used in most European countries. The combi-
nation of CDDP and ADR also seems effective, even for 
ruptured tumors (Uchiyama et al. 2001).

Radiotherapy has been utilized in children with 
USL, especially when surgical margins were not tumor-
free or the tumor invaded the nearby organs such as 
diaphragm or inferior vena cava. However, there is no 
evidence of its activity and hepatic toxicity may be a 
dose limiting factor (Horowitz et al. 1987; Bisogno 
et al. 2002). Despite the effectiveness of chemotherapy, 
there is no evidence that chemotherapy alone or in 
combination with radiotherapy can cure these patients.

In conclusion, when tumors are resectable at diagno-
sis, patients should be treated with complete resection 
and postoperative chemotherapy. When tumors are unre-
sectable at diagnosis, chemotherapy should be adminis-
tered before surgery. If complete resection is difficult, 
even after chemotherapy, and there is no regional 

Table 17.3 Summary of the most recently published series on USL

No. of pts Age 
(years)

Treatment
(no. of pts)

Type of CT Outcome

Leuschner et al. (1990) 9 4–19 5 S only (5)
3 S + CT (3)
One unknown (1)

Not specified Four alive
(Two after S only)

Lack et al. (1991) 16 2–21 S only (5) 
S + RT (2)
S + CT (7)
S + CT + RT (2)

Different 
combinations

Two alive NED
(No pts after S only)

Aoyama et al. (1991) 8 2–13 S only (1) 
S + CT (5)
Embolization (1)
Unknown (1)

Different 
combinations

No pts alive NED 
reported

Walker (1992) 4 7–29 S only 2
S + Ct in 2

VAC Three alive NED
(Two pts after S only)

Kadomatsu et al. (1992) 3 4–11 S + CT VACAd/VAdCP Two alive NED

Urban et al. (1993) 4 6–13 S + CT (3)
S + CT + RT (1)

VAIAd/PIAdV Four alive NED

Webber et al. (1999) 7 2–12 S + Ct (7) Different  
combinations of  
Ad C E I P FU V

Four alive NED

Kim et al. (2002) 6 7–13 S + CT (6) VAC Five alive NED

Bisogno et al. (2002) 17 4–16 S + CT (15)
S + Ct + RT (2)

VACAd/VAIAd Twelve alive NED

Nicol (2007) 20 0–21 S + CT (14)
S + CT + RT (6)

VAC ± I ± E Eighteen alive

Okajima et al. (2009) 3 10–15 S + CT (3) VAdrC P E Three alive NED

S surgery, CT chemotherapy, RT radiotherapy, NED no evidence of disease; drugs: V vincristine, A actinomycin-D, C cyclophosph-
amide, I ifosfamide, Ad Adriamicin, P cisplatin, E etoposide, FU fluorouracil
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 extrahepatic spread, liver transplantion may be consid-
ered (Okajima et al. 2009).

17.2.5.2  Therapy in Case of Tumor Rupture

Tumor rupture may occur at diagnosis or during surgi-
cal procedures. In a review of published reports, tumor 
rupture has been found in 6.5% of patients (Uchiyama 
et al. 2001). At diagnosis patients may present with 
severe abdominal pain and bleeding with a risk of hypo-
volemic shock. When tumor cell dissemination in the 
abdominal cavity has occurred, surgical complete resec-
tion is impossible. An analysis of 14 patients with tumor 
rupture treated with surgery and chemotherapy showed 
that only 6 were alive without evidence of recurrence 
(Ida et al 2009). Relapse occurred mainly in the abdom-
inal cavity. This shows that chemotherapy may control 
the tumor dissemination in a substantial number of 
patients but not in all. The use of whole abdominal irra-
diation, often used in other disseminated soft tissue 
 sarcoma, has not been reported.

17.2.5.3  Therapy of Multifocal Tumors

USL may initially present with multiple lesions involv-
ing most of the liver lobes, making the tumor unresect-
able. Chemotherapy may be useful but a high risk of 
relapse exists. In a series of 17 patients, 2 presented 
with multiple hepatic lesions and both died following a 
local relapse, even though they showed a good response 
to initial chemotherapy and subsequent surgery showed 
no tumor in the resected specimen (Bisogno et al. 
2002). One more patient with multifocal USL has been 
described with the same poor outcome (Walker et al. 
1992). In this situation, liver transplantation might be 
considered after an extensive search for regional or 
distant metastases, but limited experience exists.

17.2.5.4  Relapsing Tumor

Local or distant relapse may occur even after appar-
ently complete tumor resection. When a liver recur-
rence is evident, surgery and second-line chemotherapy 
may be proposed again. A combination of platinum 
derivatives associated with etoposide has been used 
with controversial results (Bisogno et al. 2002; Kelly 
et al. 2009). A complete tumor resection remains the 

goal of treatment and liver transplantation is a poten-
tial treatment option for localized recurrent USL 
relapse as recently described (Kelly et al. 2009).

In conclusion, the most recent studies suggest that 
the prognosis of USL has improved over time for a con-
currence of factors. Progress in diagnostic tools has con-
tributed to better define the tumor extension and help 
plan surgery. A better supportive therapy has allowed 
reducing the postoperative mortality and complications. 
Finally, use of a defined multimodal treatment including 
surgery and effective, sarcoma-like chemotherapy has 
increased the number of resectable tumors and has ster-
ilized possible circulating or residual cells. An interna-
tional collaboration, similar to the one achieved for 
other liver tumor, is desirable to better understand the 
biology of USL and further improve the results.

17.3  Hepatobiliary Rhabdomyosarcoma

17.3.1  Introduction

Rhabdomyosarcoma (RMS) is the most common pedi-
atric soft tissue sarcoma and can virtually arise in any 
part of the body including the liver. It originates from 
the biliary tree and less frequently from the gallblad-
der, cystic duct, and ampulla of Vater (Spunt et al. 
2000; Perera et al. 2009). It is a very rare tumor and 
only 25 patients (0.5%) with biliary RMS have been 
identified among the 4,291 cases registered in the 
Intergroup Rhabdomyosarcoma Studies I to IV. Median 
age at presentation was 3.4 years, significantly lower 
than other patients with RMS (Spunt et al. 2000).

Hepatobiliary RMS in childhood is typical of the 
embryonal or botryoid subtypes that present, in general, 
a better prognosis than the alveolar subtype. It may 
spread outside the liver to involve the duodenum, dia-
phragm, and mesenteric lymph nodes. Metastases to the 
liver parenchyma, peritoneum, bone, and lungs have 
been described (Spunt et al. 2000; Lack et al. 1991).

17.3.2  Clinical Presentation  
and Diagnosis

The common presenting symptom is obstructive jaun-
dice associated with abdominal pain, vomiting, fever, 
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and poor appetite (Table 17.2). Laboratory investigations 
demonstrate moderate to marked conjugated hyperbili-
rubinemia, with mild elevations of transaminase levels 
(Spunt et al. 2000). This may help distinguish it from 
infectious hepatitis that is often the initial suspect.

US and CT scan are helpful to document that bil-
iary obstruction is caused by solid tumor masses that 
may bulge into the biliary tract cavities, forming the 
typical grape-like aspect known from other mucosal 
surfaces (hence the name, botryoid) and variegated 
filling defects at imaging. MRI offers a more accu-
rate assessment of the extent and number of lesions 
and their relationship to the hepatic vasculature. A 
low intensity signal is evident on T1-weighted images 
with intense but inhomogeneous contrast enhance-
ment, while on T2-weighted images the tumor 
appears hyperintense. MR cholangiography has also 
been used to study the extent of biliary tract involve-
ment (Roebuct et al. 1998). Diagnosis is not always 
simple and the dilatation of the extrahepatic biliary 
tree has caused confusion with choledochal cyst in 
some cases (Tireli et al. 2005). An exploratory lapa-
rotomy with biopsy is usually required to establish 
the diagnosis.

17.3.3  Pathology

Macroscopically, the growth of hepatobiliary RMS 
mainly involves medium-to large-sized bile ducts, with 

formation of soft and sometimes transparent tumor 
masses bulging into the lumens. Histologically, the 
tumor reveals the loose pattern typical for embryonal 
RMS, with often inconspicuous-looking stellate cells. 
Underneath the biliary epithelium, the cellularity may 
be higher (the so-called cambium; Fig. 17.2a). 
Immunohistochemically, the cells are reactive for mus-
cle lineage markers, that is, desmin (Fig. 17.2b), myo-
genin, and MyoD.

17.3.4  Treatment

Since the tumor may remain localized to the bile ducts, 
resection of even very large tumors with biliary recon-
struction may be possible. Reduction of tumor bulking 
was correlated with prognosis in early reports (Martinez 
et al. 1982). However, a complete tumor resection is 
unlikely to be achieved, so aggressive surgery at diag-
nosis is discouraged (Spunt et al. 2000).

The tumor is staged and treatment with chemother-
apy and radiotherapy is given according to the protocols 
for RMS. Vincristine, dactinomycin, and cyclophosph-
amide or ifosfamide, have proven to be effective in 
reducing the tumor mass. This may allow a delayed 
conservative surgery with the intent to resect the tumor 
and leave the biliary tree structurally and functionally 
intact. Radiotherapy in the range 40–50 Gy is recom-
mended according to the residual disease and response 
to chemotherapy.

Fig. 17.2 Hepatobiliary rhabdomyosarcoma. (a) Rhabdomyo-
sarcoma (embryonal type) protruding into a bile duct lumen (the 
botryoid growth pattern). The biliary epithelium is flattened 
owing to atrophy (in red). Note the hypercellular band  underneath 

the epithelium, the so-called cambium (cytokeratin-19 immu-
nostain). (b) The stellate tumor cells express a myocyte lineage 
marker, desmin (in brown) (desmin immunostain)
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Treatment of hepatobiliary RMS poses peculiar 
problems related to biliary tract obstruction. A stent 
placement is recommended to restore the biliary flow. 
External drainages have also been used, but they are 
associated with an increased risk of complications 
such as ascending cholangitis and peritonitis that may 
be fatal. In the presence of cholestasis chemotherapeu-
tic agents, such as doxorubicin and vincristine, should 
be used with caution. Bilirubin elevation should not be 
considered, however, as a contraindication to the 
administration of chemotherapy and is determinant to 
reduce the mass compression to the biliary tract (Spunt 
et al. 2000).

The prognosis of biliary RMS has improved over 
time, and by use of modern multidisciplinary strate-
gies the 5-year survival for patients with nonmetastatic 
disease approached 80%. In case of metastatic disease 
the prognosis remains very poor (Spunt et al. 2000).

17.4  Malignant Rhabdoid  
Tumor of the Liver

Extracranial malignant rhabdoid tumors (MRT), like 
their CNS counterparts, are rare, highly aggressive, 
and frequently lethal tumors of childhood. MRT has 
been reported widely at most anatomical sites in the 
body and very few cases have been described arising 
from the liver. Biological and morphologic aspects of 
these lesions are discussed in Chap. 8.

MRT is characterized by resistance to chemother-
apy. So, when the tumor is unresectable, prognosis is 
dismal although sporadical case reports document 
potential for cure with multimodal therapy (Ravindra 
et al. 2002).

17.5  Angiosarcoma of the Liver

17.5.1  Introduction

Hepatic angiosarcoma (HAS) is extremely rare in 
pediatric age. It is a highly aggressive vascular tumor 
composed of malignant spindle cells of endothelial 
origin. A female predominance and mean age of 

presentation of 3.7 year have been reported (Noronha 
and Gonzalez-Crussi 1984). Pediatric HAS has been 
regarded as a distinct entity from the HAS seen in 
adults, which is most common in males and presents a 
peak incidence in the sixth and seventh decades (Ishak 
et al. 1999). Causes of HAS in children are unknown. 
In adults, exposure to environmental toxins (vinylchlo-
ride, arsenic) or drugs (anabolic steroids, synthetic 
estrogens) have been correlated to HAS, but only one 
pediatric case has been reported after arsenic exposure 
(Falk et al. 1981). Several case reports have described 
HAS arising in infantile hemangioendothelioma (Selby 
et al. 1992) and children with multiple cutaneous 
hemangiomas have presented with hepatic lesions later 
found to be HAS (Nord et al. 2006).

17.5.2  Clinical Presentation  
and Diagnosis

In children, HAS usually presents with a rapidly 
enlarging abdominal mass, and by the time they are 
diagnosed, the lesion is often very large, may involve 
both liver lobes or be multifocal rendering the tumor 
unresectable. Other signs and symptoms include jaun-
dice, abdominal pain, fever, and dyspnea (Emre and 
McKenna 2004). Metastatic dissemination is common, 
frequently to the lung, but also to lymph nodes, pleura, 
bone, and adrenal glands (Selby et al. 1992).

Ultrasound demonstrates a mixture of hyperechoic 
and hypoechoic regions that correspond to hemorrhage 
and necrosis. On unenhanced CT scans, the tumor 
shows multiple hypodense areas with vague borders. 
With contrast, the CT scan resembles a hemangioma, 
with peripheral filling followed by centripetal opacifi-
cation of the lesion and subsequent puddling of the 
contrast throughout the tumor (Peterson et al. 2000).

17.5.3  Pathology

Macroscopically, adult-type HAS occurring in the 
liver of children is solitary or multiple tumor nodules 
that typically show a hemorrhagic aspect, mainly on 
the cut surface. Massive angioinvasion may be evi-
dent at gross examination. Histologically, the lesions 
often consist of spindled cells arranged in bundles, 
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but slit-like vascular spaces lined by atypical endothe-
lial cells with hob-nail features may also be noted. 
Mitotic activity is variable but may be prominent. The 
neoplastic cells express endothelial lineage markers 
(Factor VIII-associated antigen and CD31). A distinct 
type of presentation is that following a diagnosis of 
infantile hemangioendothelioma type II, thought to 
be a sarcomatous change in a formerly benign lesion 
(see below).

17.5.4  Treatment

The mortality rate for pediatric HAS is high, and death 
usually occurs within the first 2 years from diagnosis 
(Selby et al. 1992). Complete resection is thought to be 
curative, but it is often impossible at diagnosis due to 
the tumor burden. There are anecdotal reports on the 
effectiveness of intensive chemotherapy in reducing 
the tumor volume making a delayed radical resection 
possible (Gunawardena et al. 1997).

The growth pattern and the treatment results have 
led to consider liver transplantation, but the experience 
so far accumulated, although mainly on adult patients, 
is not encouraging, because relapse and death occurred 
within a year of transplantation in most cases (Hoti 
and Adam 2008).

The search for new and more effective drugs has 
been hampered by the rarity of the tumor. Among anti-
neoplastic drugs paclitaxel has gained interest because 
tumor responses have been recently described. A retro-
spective analysis of 32 patients treated in EORTC 
Centers with paclitaxel as single agent reported a 
response rate of 62%. It is to be noted that no angiosar-
coma located in the liver were present in this series and 
the response rate (78%) appeared superior for angiosar-
coma of the face and scalp (Schlemmer et al. 2008).

A more limited but meaningful effect of paclitaxel 
have been reported in a prospective phase II study enroll-
ing 30 patients with metastatic or relapsed angiosarcoma, 
including 9 with liver tumor. Paclitaxel was administered 
weekly to increase the dose intensity. Five patients had 
an objective response and three of them with locally 
advanced disease were amenable to surgery, with two 
complete histologic responses and long disease-free sur-
vival (17 and 19 months) (Penel et al. 2008).

Promising reports documenting a response to antian-
giogenetic agents or tyrosine kinase inhibitors have been 

recently published. Evidence of a complete pathologic 
response has been reported in two patients with angiosar-
coma of the nose treated preoperatively with bevaci-
zumab and concurrent radiotherapy (Koontz et al. 2008)

Sorafenib has been found active in a phase II trial 
including 37 patients with metastatic angiosarcoma. 
Five patients experienced partial or complete tumor 
shrinkage for a response rate of 14% (Maki et al. 2009). 
Sunitinib may also be effective (Yoo et al. 2009), while 
imatinib was inactive in 16 angiosarcoma patients as 
part of a phase II study (Chugh et al. 2009). Since these 
recent experiences included only adult patients, infor-
mation on pediatric HAS is lacking.

17.6  Other Hepatic Vascular Tumors

17.6.1  Infantile Hepatic 
Hemangioendothelioma

The term infantile hepatic hemangioendothelioma 
(IHHE) has traditionally been used to describe differ-
ent neoplasms of vascular origin with different histo-
logic patterns and clinical behavior. In 1971, Dehner 
and Ishak proposed the subclassification of IHHE into 
two histologic groups. (a) Type 1 IHHE, the more com-
mon subtype, is composed of capillary-sized vessels 
lined by a single layer of somewhat plump but bland 
endothelial cells with rare mitotic figures (Fig. 17.3a 
and b). (b) Type 2 IHHE is composed of vessels with 
more pleomorphic endothelial cells and is often diffi-
cult to distinguish from HAS. In fact, some authors 
now consider type 2 IHHE as a distinct form of pediat-
ric low-grade angiosarcoma. IHHE accounts for up to 
12% of all pediatric liver tumors. In 80% of the cases, 
the tumor presents in the first 6 postnatal months. Girls 
are more frequently affected than boys (female-to-
male = 1.5 to 2:1) (Selby et al 1994). IHHE may cause 
significant high-flow vascular shunts resulting in car-
diac failure in about 25% of the patients with large 
tumors. Some cases of IHHE are associated with hypo-
thyroidism as a result of activity of type 3 iodothyro-
nine deiodinase in the tumor, and few patients have 
been shown to have elevated serum alfa-fetoprotein, 
causing difficulties in differential diagnosis. Aspects of 
diagnosis and treatment of IHHE are dealt with in the 
chapter on Liver Transplantation.
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17.6.2  Epithelioid 
Hemangioendothelioma  
of the Liver

Epithelioid hemangioendothelioma is a slow-growing 
vascular tumor, which consist of endothelial cells that 
morphologically resemble epithelial cells. Being mainly 
a tumor of adult patients, pediatric cases are rare and 
usually involved children in the age group 12–14 years. 
Epithelioid hemangioendothelioma may show a distinct 
growth pattern with sometimes several nodules show-
ing umbilication at the capsular surface. Histologically, 
medium sized to large cells with characteristic vacuoles 
form cords that surround slit-like spaces (Fig. 17.3a). 
Irrespective of their epithelioid morphology, the cells 
express endothelial lineage markers (Fig. 17.3b). The 
treatment of these lesions is discussed in the chapter on 
Liver Transplantation.

17.7  Mesenchymal Hamartoma

17.7.1  Introduction

Mesenchymal hamartoma of the liver (MHL) is a 
benign tumor that typically presents in the first 3 years 
of life (85%) as a large multicystic liver mass. It is the 

second most common benign hepatic tumor of child-
hood. Males are slightly more affected (Stringer and 
Alizai 2005). MHL has traditionally been regarded as 
a benign tumor-like malformation characterized by a 
disorganized but limited proliferation of mature cells 
(Fig. 17.4). However, recent evidence of karyotype 
abnormalities have suggested a mesenchymal clonal 
genetic defect (Bove et al. 1998) supporting a neoplas-
tic nature. MHL may be associated with a disorder of 
the placenta,  mesenchymal stem villus hyperplasia.

Fig. 17.3 Vascular tumors. 
(a) Infantile hepatic 
hemangioendothelioma 
(IHHE). Most of the vascular 
channels are narrow or 
slit-like (hematoxylin and 
eosin stain). (b) The 
endothelial lining of the 
vascular channels in IHHE 
are reactive for an endothelial 
marker (in red; CD31 
immunostain). (c) Hepatic 
epithelioid hemangioen-
dothelioma (HEHE). Note 
the strands of epithelioid 
cells within a stroma. The 
cells are typically vacuolated 
(hematoxylin and eosin 
stain). (d) The cells of HEHE 
are positive for CD31 (in 
brown; CD31 immunostain)

Fig. 17.4 Mesenchymal hamartoma of the liver. The tumor 
exhibits a complex mixture of vascular channels, small bile 
ducts, and mesenchymal cells. Within the vascular spaces, 
hematopoietic foci are seen (hematoxylin and eosin stain)
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17.7.2  Clinical Presentation  
and Diagnosis

MHL may be an incidental finding in an otherwise 
healthy child or can present with abdominal distension 
and/or an upper abdominal mass. The tumor has also 
been detected by prenatal ultrasound where it can 
cause severe hydrops (Dickinson et al. 1999; Laberge 
et al. 2005). Imaging investigations demonstrate a 
multiloculated cystic lesion with a variable amount of 
solid tissue that may be predominant in some cases 
when cysts are very small (Koumanidou et al. 1999; 
Mansour et al. 2005). On contrast CT the solid compo-
nent, septa and a peripheral rim may be enhanced simi-
lar to more aggressive tumors. On MRI a low signal 
intensity on T1-weighted sequences, but a variable 
 signal intensity on T2-weighted is reported. MHL con-
stitutes a challenging lesion in many aspects concern-
ing diagnosis and risk of malignancy. MHL must be 
 distinguished from parasitic and congenital cysts, and 
other liver tumors. It is noteworthy that the serum alfa-
fetoprotein concentration may be moderately elevated, 
and some children have therefore been inappropriately 
treated for HB (Boman et al. 2004). More demanding 
is the differential diagnosis with USL, which shares a 
similar radiologic aspect, but usually affects older 
children.

A small but proven risk of malignant transformation 
from MHL to USL has been reported. USL can develop 
within a preexisting MHL or occur several years after 
an incomplete excision of the MHL (O’Sullivan et al. 
2001; Corbally and Spitz 1992). A possible common 
origin of these two lesions is supported by similar fea-
tures on radiology, histology, and cytogenetic abnor-
malities (see above), where an aberration involving the 
chromosome 19q13 region has been found in cells from 
an MHL complicated by UES (O’Sullivan et al. 2001).

17.7.3  Treatment

Although few cases of spontaneous regression have 
been reported, a complete resection of the lesion with 
tumor-free margins is reputed necessary to avoid 
relapse and malignant transformation (Stringer and 
Alizai 2005). In rare cases, where MHL were deemed 
unresectable, other surgical techniques including 
incomplete resection, marsupialization of the cysts, and 
liver transplantation have been employed. However, 

high rates of relapse or postsurgical complications 
have been reported (Meinders et al. 1998; Tepetes et al. 
1995). In a few cases chemotherapy has been adminis-
tered with controversial results: in one case vincristine 
was ineffective (Silber et al. 1970), while cyclophos-
phamide and hydrocortisone caused a shrinkage of a 
highly vascular MHL (Alkalay et al. 1985). Finally 
radiotherapy was used for a large MHL wrapped 
around the inferior vena cava with evidence of a 
smaller and more sclerotic lesion at operation 10 weeks 
later (Srouji et al. 1978).

17.8  Conclusion

Among primary hepatic mesenchymal tumors, a distinct 
subset shares with HBs the patient’s young age at pre-
sentation and certain imaging features. This chiefly 
applies to hemangioendotheliomas and mesenchymal 
hamartoma, which therefore demand a special diagnos-
tic workup to avoid misdiagnosis and subsequent over-
treatment. Monitoring of serum alpha-fetoprotein (AFP) 
is usually helpful, but one has to bear in mind that, on 
the one hand, mesenchymal tumors may cause AFP 
elevation and, on the other hand, certain subtypes of HB 
exhibit low or normal serum AFP levels. Part of hepatic 
mesenchymal tumors involve both liver lobes and can 
now successfully be treated by liver transplantation. 
For highly aggressive lesions such as undifferentiated 
sarcoma, novel chemotherapy strategies will more and 
more improve the formerly dismal outcome. The rap-
idly advancing knowledge of molecular features occur-
ring in mesenchymal tumors may hopefully serve to 
develop more tumor-specific or even individualized 
therapies in the future.
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As documented in some of the chapters, in the last 
3 decades, remarkable success has been achieved in 
the cure of hepatoblastoma (HB); in the late seven-
ties the 5-year overall survival of children affected 
by this rare neoplasm was 30%; now it has more than 
doubled (Perilongo et al. 2009). Thus, at the begin-
ning of this century, it can be stated that multidisci-
plinary approaches including conventional systemic 
chemotherapy has allowed the cure of more than 
two-third of the children diagnosed with hepato-
blastoma. Remarkable refinements in the diagnostic 
capabilities, mainly related to the introduction of 
magnetic resonance images in daily clinical prac-
tice, in the surgical approach, in a more extensive 
and rational, use of orthotopic liver transplantation, 
in the supportive measures, in the use of systemic 
chemotherapy, and in tailoring treatment according 
to more and more individualized risk profiles are the 
facts that must be accounted to explain these grati-
fying results. However, it is a common assumption 
that to make further progress, that is, to cure those 
children affected by tumors, which are not amenable 
to any kind of radical surgery (including orthoto-
pic liver transplantation), which are metastatic, do 
not respond to chemotherapy, recur, or present with 
low alpha-fetoprotein, different avenues must be 
envisaged.

Biologically driven therapies are presently dominat-
ing the scenario of modern clinical research on human 
tumors; some initial significant benefits of these inno-
vative agents on the cure of selected neoplasms, have 
been already firmly documented. In brief, only a better 
understanding of the intimate mechanisms of cancero-
genesis would open new effective therapeutic frontiers. 
How are problems for HB to be addressed?

The hypothesis that HB derives from derangements 
of the genetic mechanisms regulating normal hepatic 
organogenesis is pretty well consolidated. Thus, for 
HB also embryologists and cancer biologists are 
expected to feed each others’ research in order to find 
the molecular pathways shifting liver cell lineages 
from normality to malignancy, from normal ontogene-
sis to oncogenesis (Si-Tayeb et al. 2010; Wandzioch 
and Zaret 2009). The complexity of the mechanisms 
regulating hepatic organogenesis makes the task quite 
challenging but the direction is right. Actually solid 
hypotheses have already linked the different histologic 
subtypes of HB to specific stages of the arrest of nor-
mal hepatic organogenesis (Zimmermann 2005). The 
final targets are to identify which developmental, sig-
naling, and transcriptional pathways are mainly 
affected, at which level, according to which mecha-
nisms and, if more than one is involved, how they inter-
play among themselves.

For other childhood embryonal tumors, some 
insights into these intimate genetic mechanisms, which 
regulate normal organogenesis and, if altered, bring 
about tumor development, are already available. These 
insights have been developed by combining the find-
ings derived from the fields of epidemiology, embryol-
ogy, and cancer cell biology. For embryonal tumors, the 
hints for these types of studies have been derived from 
investigation into those rare cancer family syndromes 
predisposing to cancer growth. From this prospective, 
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the most notable example is the investigation into the 
Gorlin syndrome and the risk of developing medullo-
blastoma. Patients affected by Gorlin syndrome, a rare 
hereditary condition otherwise known as nevoid basal 
cell carcinoma (NBCC) syndrome, among various 
somatic abnormalities, have a higher tendency than the 
normal population to develop medulloblastoma (Lo 
Muzio 2008). The Gorlin syndrome has been associ-
ated with the PTCH gene (9q22.31) loss of function. 
The PTCH gene encodes a receptor for the signal pep-
tide sonic hedgehog (SHH), which when linked to the 
PTCH receptors activates the Hedgehog pathway, a 
major developmental pathway in many organisms, from 
insects to mammals (Wong and Reiter 2008). Studies 
into normal cerebellum development have shown that 
Purkinje cells through soluble molecules (“signal pep-
tides”) – SHH – stimulate proliferation of external 
granular layer cells during cerebellum development 
through its receptor complex made up of the PTCH 
and Smoothened (SMO) proteins (Lee et al. 2010). 
Engineered mice heterozygous for mutated PTCH 
mimic several aspects of Gorlin’s syndrome, includ-
ing the propensity to develop both NBCC and to have 
an excessive proliferation of the granule cell precursor 
population at the surface of the cerebellum (Pazzaglia 
2006), which are believed to represent the first step in 
tumor development. Both in vitro and in vivo models 
have shown that Cyclopamine (and its analogs), a mod-
ulator of the PTCH/SMO receptor activity, is capable 
of arresting the growth of cells bearing a constitutive 
PTCH gene loss of function (Enguita-Germán et al. 
2010). Actually, cyclopamine analogues are presently 
entering human experimentation. All this has been 
cited as a successful example of how combining the 
results of research of those rare conditions bearing a 
high risk of cancer development, of normal organogen-
esis and of cancer cell biology may feed each other and 
promote innovative approaches. Remarkable, fascinat-
ing similar stories can be told for nephroblastoma and 
normal renal organogenesis. It is hoped that something 
similar can soon be developed for HB. Despite being 
exquisitively rare, a series of cancer family syndromes 
are associated with a higher risk of developing hepato-
blastoma, including familial polyposis coli, Beckwith-
Wiedemann syndrome, and related overgrowth 
syndromes. Those rare cancer family syndromes may 
allow identifyication of the early crucial events which 
favor cancer development. In this regard it is worth 
highlighting the fact that when a tumour is finally 

diagnosed, we usually deal with advanced and - with 
respect to tumour evolution - ‘’old’’ lesions with mas-
sive genomic instability and late molecular changes.

No one can sell any findings with easy enthusiasm. 
In fact, the evidence seems to indicate that as soon as 
basic research comes up with new and, what almost 
always seems to be, definitive insights into cancer cell 
biology, immediately many other “doors” open unex-
pectedly. Furthermore, it would not be surprising to 
discover that the HB family represents quite a heteroge-
neous group of diseases also in terms of the fundamen-
tal underlying transcription pathways involved in their 
pathogenesis. This is just to anticipate that the path to 
the development of definitive cure based on biologi-
cally-driven innovative approaches is likely to be long.

The other important pipeline, which is expected to 
bring new insights into the genetic molecular mecha-
nisms sustaining primary childhood hepatic tumor 
growth and development, is the one represented by 
modern “genomic medicine.” In this context this  
term refers to all those techniques which are capable 
of profiling in an increasingly short period of time and 
at a rapidly decreasing cost, the entire cell genome 
(including single nucleotide polymorphism), its prod-
ucts and/or other components of the complex genetic 
machinery such as microRNA. The investigation into 
the gene profiling of childhood HB has already been 
initiated; its initial findings have been limited to tumor 
“prognostification” (Cairo et al. 2008). However, more 
information is forthcoming (Armengol et al. 2009).

If in a purely conceptual way all that has been stated 
is unquestionably true, special plans should be made 
for rare tumors, such as primary childhood liver 
tumors. Large-scale cooperation has, is, and will be the 
key to the success of clinical research on these rare 
neoplasms. In fact, it was only by collecting a large 
critical mass of patients that it has been possible to run 
meaningful, prospective, and clinical trials with sophis-
ticated clinical designs. This remains important even 
when planning basic research projects; in fact, a sig-
nificant amount of biological material must be made 
available to scientists and possibly linked to clinical 
information to speed up the investigation process. This 
is a major challenge for clinical and basic cancer 
research on rare tumors. The ones who will be involved 
in designing modern research strategies on HB must 
keep all this clearly in mind.

Another major problem interferes with the achieve-
ment of all the research success one would hope to make 
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available for these children. The difficulty is in allowing 
children affected by rare tumors – like HB – access to 
new drugs. Indeed, in many ways children affected by 
this rare neoplasm suffer from the same problems that 
patients affected by other rare conditions have, which is 
the fact that they are “orphan patients”: neglected by 
research, dedicated scientists, innovative drugs, finan-
cial drives, which makes industries develop new drugs 
and finally, denied easy access to new drugs.

Needless to say while we wait for all this to hap-
pen we have to continue to try to improve the prog-
nosis for these children using the tools we have in our 
hands at this time. Clinical research has to continue. 
As mentioned earlier one of the major results of mod-
ern clinical research on HB is having identified an 
increasing number of different risk groups of patients 
by clinical, histological, and biological characteristics. 
Paradoxically, one would conclude that this achieve-
ment represents a problem for further clinical research. 
In fact, the identification of these different risk groups 
have de facto further fragmented the already small 
cohorts of children that the different cooperative 
groups in the world are collecting, thus making it dif-
ficult, if not impossible, to collect the critical numbers 
of patients needed to run meaningful, clinical trials. 
Of course this should be not a matter of concern but 
a reason for looking for new ways of clinical research 
such as overcoming the boundaries within which the 
different study groups have so far run their own trials. 
We believe that an increased international coopera-
tion is urgently needed; work should be done to have 
emerging countries like India and China join in future 
research cooperative efforts. Telematic communica-
tions is allowing to conceive of totally new ways of 
working together. We must move with determination 
in these directions as otherwise the children with HB 

will be deprived of all the benefits that modern basic 
and clinical research can bring to them.
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