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Abstract

Hepatocellular carcinoma is one of the most frequent tumors world-
wide, and its frequency is increasing. The management of hepatocel-
lular carcinoma has changed in recent years, this because screening
allows to discover tumors at an earlier stage, and because of effective
treatments are available, such as liver transplantation, liver resection,
percutaneous ablation and transarterial chemoembolization. Each one
of these treatments has its own advantages and drawbacks, and range
of application according to the stage of the tumor and of the underly-
ing liver disease. This review summarizes the recent progress in the
management of HCC and the practice in our unit. (Acta gastroenterol.
belg., 2004, 67, 206-222).

Abbreviations used in the article

AFP = alpha-fetoprotein
CT = computerized tomography 
HCC = hepatocellular carcinoma
LDLT = Living-donor liver transplantation
MRI = magnetic resonance imaging
PEI = percutaneous ethanol injection
RFTA = radiofrequency thermal ablation
TACE = trans arterial chemoembolization
US = ultrasound

Introduction

HCC is the fifth cause of mortality by cancer world-
wide, responsible for an estimated 500 000 deaths per
yeari. In the western world HCC is associated with cir-
rhosis in approximately 90% of the cases, and the inci-
dence of this tumor is increasing, in part because of the
epidemic of hepatitis C, in part because – with better
management of portal hypertension – patients with cir-
rhosis live longer. The pattern of the disease at presenta-
tion is also changing : while most patients used to be
diagnosed too late, at present the wide acceptance of
screening of patients with liver disease is leading to the
discovery of the tumor at a stage when cure or signifi-
cant palliation can be offered by existing treatments.
However, because the natural history of this cancer and
the outcome of treatments are influenced by the severity
of the underlying liver disease as well as by the tumor,
the choice among treatments is difficult, requires the
collaboration of several specialties, and is sometimes
limited by lack of resources, such as organs for trans-

plantation. For this reason the management of patients –
if more rewarding – has become more complex.

A remarkable effort of summarizing the present
knowledge on HCC has been done by the European
Society for the Study of the Liver (EASL), and has been
published in a dense consensus conference report (2).
On each of the main topics, the conference identified the
solid ground that already exists, and the items on which
additional studies are needed before clear-cut recom-
mendations can be given. In the following paragraphs
we will maintain the main headings of the consensus
conference highlighting recent advances, and presenting
the point of view of our group on controversial issues.

Screening and diagnosis

HCC develops in livers affected by chronic disease in
90% of the cases – at the cirrhotic stage in approximate-
ly 80% of patients, and at the stage of chronic hepatitis
in 10% – and more rarely in patients in whom no liver
disease can be found. According to the regional preva-
lence of liver disease, therefore, the incidence of HCC
varies from 5 to 15 cases per 100 000 population per
year. For patients with cirrhosis, the risk of developing
HCC ranges from 2% to 7% per year according to the
underlying condition – it is low in autoimmune and pri-
mary biliary cirrhosis and high in viral hepatitis and
hemochromatosis (3,4,5,6,7). Among patients with cir-
rhosis, patients of male sex, with raised alpha-fetopro-
tein (AFP), and with large-cell dysplastic changes on a
liver biopsy have the highest risk (5,8,9,10).

Since the early ‘90s, HCC meets the main require-
ments of a disease for which screening is recommend-
ed : it develops in a defined and recognizable popula-
tion, diagnostic tools are available, and useful treatments
can be offered (11). Although there is no prospective
randomized trial showing that screening is cost effective
and that it improves survival, cohort studies show that
the proportion of screened patients in whom a tumor is
diagnosed beyond the curative stage can be reduced to
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approximately 10% (11,12), and the practice is widely
accepted. The effectiveness of screening is reflected by a
proportion of patients in referral centers who can be
offered a curative treatment of 30% to 40% in
Europe (12) and of 60% to 90% in Japan (13,14) in sharp
contrast to a figure of less than 10% 20 years ago (15).

The screening strategy recommended by the confer-
ence was ultrasound (US) and AFP measurement every
6 months, but high-risk patients may benefit from more
intensive surveillance. In our center, we recommend US
every 4 months as this interval probably decreases the
risks of a lesion being missed, fits well to the need of
optimizing the management of patients with cirrhosis,
and corresponds to the high demands of our population.
The question of which investigation should replace US
in poorly echogenic patients – whether computerized
tomography (CT) or magnetic resonance imaging (MRI)
– is still open, and will be answered by screening proto-
cols comparing contrast MRI and CT. It is likely that, as
access to facilities and to contrast media will improve,
contrast MRI will prove superior to CT as screening
method in these patients. The place of contrast-enhanced
ultrasound will also need defining, and at present the
technique remains investigational (16).

The conference recommended that only patients who
are susceptible to benefit from curative treatments HCC
are screened, limiting the practice to patients in the A
category of the Child-Pugh classification who can qual-
ify for liver resection, liver transplantation or percuta-
neous ethanol injection (PEI), and patients in the B cat-
egory who can benefit from liver transplantation. This
recommendation stemmed from the following assump-
tions : 1) the outcome of Child C patients is dictated by
the stage of the underlying liver disease rather than by
the HCC. These patients should be offered liver trans-
plantation because of the decompensated cirrhosis, and
HCC would only represent a co-indication (although
affecting the priority of allocation of grafts in some
countries). Conversely, the stage of the cirrhosis pre-
cludes any other treatment. 2) the lack of proof that
Child B patients benefit from treatments of HCC other
than liver transplantation, and 3) the lack of consensus
on the benefit of any palliative treatment, a state that has
changed when transarterial chemoembolization was
proven effective in selected patients with relatively
advanced disease (17,18).

We have adopted the pragmatic attitude that optimal
management of cirrhotic patients requires US examina-
tions anyway, and we do not necessarily limit screening
to Child A patients or to patients potentially candidate to
liver transplantation (Fig. 1). Furthermore, it is not
uncommon to see the Child stage improving after treat-
ment of precipitating factors such as alcohol intake,
hepatitis B virus replication, bleeding or infection, and
preliminary data in our cohort indicate that worthwhile
palliation can be obtained by chemoembolization or per-
cutaneous treatments even in child B patients with favor-
able tumor location or vascularity.

The panel of experts agreed on recall strategies and
diagnostic criteria for patients with cirrhosis in whom a
nodule is detected by ultrasound. Nodular lesions in a
cirrhotic liver can either be HCC or regenerative, low-
grade dysplastic and high-grade dysplastic nodules (19).
The probability of a nodule being HCC varies according
to the size and its radiological features. Accordingly,
lesions < 1 cm should be followed-up with a repeat
ultrasound every 3 months (less than 50% are carcino-
mas, growth is diagnostic of HCC while stability is not
proof of benignity), lesions between 1 and 2 cm should
be biopsied to establish the diagnosis between HCC,
dysplastic or regenerative nodules, and lesions > 2 cm
that are hypervascular and consistent on two radiolo-
gical investigations (US-Doppler, CT, MRI, angio-
graphy) can be assumed to be HCC and treated as such.
Hypervascular lesions >2 cm seen on one investigation
and associated with an alpha-fetoprotein levels
> 400 ng/ml do not need to be confirmed by a second
radiological study (Fig. 2). 

The recommendation of a biopsy for 1-2 cm nodules
was soft, because knowledge is evolving rapidly, and
should be adapted to the clinical context and local exper-
tise. In our unit, for instance, we tend to be more restric-
tive with liver biopsy for this group, for the following
reasons : a) overall, nodules detected by US, even if con-
firmed as benign by a biopsy, define a group at increased
risk of HCC (31% after a median follow-up of
33 months) (20) ; b) liver biopsies in nodules below
3 cm in size have a high false negative rate (30%), and a
small but quantifiable risks of seeding (1-2%) (21).
Therefore we tend either to wait with close follow-up
until the lesion is over 2 cm in size, or we proceed to
confirmatory CT or MRI and if the nodule is consistent
we treat as if the nodule were HCC. We reserve biopsy
of 1-2 cm nodules either for patients within research
protocols, or to patients for whom the diagnosis of an
additional HCC would change the treatment strategy. In
the conference there were no recommendations on hypo-
vascular nodules. In our clinic, below 2 m in size they
are followed-up, but no treatment is offered unless they
grow, between 2 cm and 3 cm they are investigated by
IRM with ferro-magnetic particles and are considered
HCC if no uptake is demonstrated (Küpffer cells are
generally absent in HCC) and followed-up otherwise,
and above 3 cm they are biopsied even if there are
Küpffer cells as some well differentiated HCC do harbor
Küpffer cells and missing the diagnosis of HCC could
have severe consequences. The algorithm for screening
in patients with cirrhosis and for the investigation of
liver nodules detected in these patients is illustrated in
figure 3.

Staging of the disease

Once HCC is diagnosed, it is convenient to stage the
disease into prognostic and therapeutic categories. The
conference suggested a classification featuring an early,
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intermediate, advanced and a terminal stage corre-
sponding to curative and palliative treatments for the
first and second stage respectively, and to supportive
treatments for the last two. This basically reproduced the
BCLC categories that had been defined as follows
(Fig. 4) (22) : patients with early HCC qualify for cura-
tive treatments such as percutaneous ablation, liver
resection and liver transplantation. The underlying
assumption is that the tumoral disease is confined to the
liver, regardless of the severity of the cirrhosis.
Accordingly, the features of the tumor(s) reproduce the
criteria that are associated to low rate of recurrence after
liver transplantation. These patients have either 1 tumor
less than 5 cm or up to three tumors < than 3 cm, and no
vascular invasion (23,24). Patients beyond these limits
are in the intermediate category because of a high risk of
occult tumor dissemination, but have no constitutional
symptoms, no vascular invasion, no extrahepatic spread,
and a normal performance status (25). Three-year sur-
vival in these patients may reach 50% in the absence of
any treatment (26). These patients can benefit from pal-
liative treatments (still undefined at the time of the con-
sensus conference, and accepted as since TACE).

Patients in the advanced stage have either constitutional
symptoms (pain, or a performance status of 1 or 2) or an
invasive tumor behavior defined as vascular invasion or
extrahepatic spread, with a 3 year survival of approxi-
mately 10%, and patients in a terminal stage have either
a performance status > 2, or extensive intrahepatic dis-
semination (the former Okuda stage III, with > 50% of
the liver invaded by the tumor (27). There is no proven
effective treatment yet, beyond supportive measures,
that can benefit patients in the advanced and terminal
stages. Although alternative classifications exist (28,29,
30,31), and the allocation of borderline patients to each
category is likely to change as new treatments and prog-
nostic determinants are identified, the BCLC classifica-
tion is becoming accepted worldwide.

There are three limitations in this classification as it
stands : the first is that the boundary between the early
stage (curable) and the intermediate stage (palliative)
based on the size of a single tumor is less meaningful for
liver resection than for liver transplantation. Resection
of the tumor is indeed the best option in patients with
single tumors larger than 5 cm and preserved liver func-
tion, and it would be wrong to consider that all of these
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Screening strategy in patients with liver disease.
Broken arrows and Italic characters signify practices currently used in our clinics but unsupported by available evidence.
USD : Ultrasound-Doppler examination.
AFP : Alfa-fetoprotein.
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patients are beyond cure. The second is that the criteria
of size and number used to separate early and interme-
diate disease correlate to probabilities and are not proof
of extrahepatic spread, a point that will be developed
below, and an effort should be made to refine this bound-
ary. The third is that treatments have evolved and TACE
can offer meaningful palliation to selected patients with
advanced disease, such as patients with limited vascular
invasion, or with constitutional symptoms such as
fatigue or a performance status of 1 (17).

Curative treatments

Local destruction by percutaneous ethanol injection
(PEI) or by radiofrequency thermal ablation (RFTA),
liver resection and liver transplantation can cure a pro-
portion of tumors in patients with HCC. In addition,
liver transplantation can remove the underlying disease,
diminish the risk of recurrence associated with cirrhosis,
and offer the best chances of long-term survival. In the
following paragraph the main features of each therapeu-
tic modality and the advantages of each in selected clin-
ical situations will be presented.

Percutaneous treatments

In recent years percutaneous treatments have been
accepted as potentially curative therapies, to be dis-
cussed on the same grounds as liver resection or trans-
plantation. Because of the lack of solid information on
long-term results with other techniques, only PEI and
RFTA will be discussed in this review.

Series from centers with a special interest in PEI have
been published, summarized in a previous publication in
this journal (32). Overall it can be said that in very expe-
rienced hands, and for lesions < 3 cm, PEI has similar
local recurrence rates and disease-free survival than liver
resection in many series, while being cheaper, less inva-
sive, and more widely applicable because less restricted
by the decreased functional hepatic reserve associated
with the cirrhosis (33,34). Together with the expertise of
the operator, the size of the lesion is the critical determi-
nant for local recurrence (35). This because of the phys-
ical limits of the agent that has to diffuse in the nodule,
and because even small HCC may have extra-capsular
invasion or satellite lesions which are not treated with
the injection. In theory, limited extra-capsular invasion
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Fig. 2
Diagnostic strategy in patients with cirrhosis in whom a liver nodule is detected on ultrasound, according to the Barcelona consen-
sus conference (Ref 2).
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and satellites should be treated more efficiently by
RFTA, and the most significant update since the consen-
sus conference, which accepted only PEI as a proven
therapeutic modality, is the finding that RFTA was more
effective than PEI in a well designed prospective ran-
domized trial showing a two-year local-recurrence free
survival of 96% for RFTA vs. 62% for PEI (36). These
figures can be assumed as the most realistic estimates
for local control of the disease with either technique.
One of the concerns with RFTA was needle tract seed-
ing, with a worrying proportion of 12.5%, mainly con-
cerning patients with peripheral tumors, reported by the
Barcelona group (37). Centers with a large practice crit-
icized such a high incidence as due to a learning
curve (38,39,40). The realistic figure for seeding is still
a matter of debate, as the true extent of the problem may
appear only in studies with a follow-up stringent and
long enough to allow the seeding of minute amounts of
viable cells to become clinically evident (such as when
RFTA is made in patients who are subsequently trans-
planted). The figure we quote is 2%, based on the expe-
rience our center (no seeding in a consecutive series of
55 nodules) and of series of experienced interventional
radiologists (De Baere T, 3 local recurrences in a series

of 167 liver nodules, Lencioni R, X recurrences in a
series of XX nodules, personal communications 2004).

At present in our center, RFTA is the preferred per-
cutaneous treatment, because a one-session approach is
possible, as opposed to the multiple sessions needed
with PEI. The procedure is routinely performed under a
short general anesthesia, generally with ultrasound guid-
ance, but CT is used if the nodule or the patients are
poorly echogenic, and MRI-compatible equipment has
been used in our center for nodules that are not well
defined with CT (41). We found that procedures under
local anesthesia are uncomfortable. The question on
which type of equipment is still unsettled, but recently
we found bipolar electrodes particularly effective.
Lesions up to 3 cm can be treated by RFTA alone, and
larger lesions are treated with a combined approach
associating TACE and RFTA (42). This is done either
during the same session or sequentially with several
courses of TACE treatment to decrease the size of the
nodule within the borders of the highest success rate for
RFTA (3 cm). We consider that with a combined
approach using RFTA and TACE, the maximum size of
a lesion that can be treated effectively is 5 cm. PEI is
reserved for peripheral tumors that present a large risk of
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Fig. 3
Diagnostic strategy in patients with cirrhosis to characterize a hypovascular liver nodule, or a nodule that can be seen on US but not
on CT, according to the practice in Geneva.
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capsular rupture, of for tumors in close proximity to the
biliary tree, for which the diffusion of the electrical cur-
rent can not be controlled as precisely as the diffusion of
ethanol with real-time US PEI. The use of RFTA in
patients during the waiting time to liver transplantation
will be discussed below.

Liver resection

Liver resection by partial hepatectomy remains the
standard curative option for HCC in patients with single
tumors and preserved liver function, and the results of
the main series can be found in previous review arti-
cles (43). The significant acquisitions of the studies
appeared since 2000, show that a) careful surgery (start-
ing with patient selection) is accompanied not only by a
very low operative mortality (44,45,46), but also by
excellent long-term survival, approaching 60% at
5 years in patients with normal bilirubin and with no
portal hypertension (47). b) if the above-mentioned
restrictive criteria are followed, liver resection can be
applied only to a small fraction of patients with HCC.
This proportion is 5% in Barcelona, a figure confirmed
in our clinic. The restricted applicability is the main

limit of liver resection as a curative treatment for HCC,
although the proportion of patients who can be treated
by liver resection can be increased by more effective
screening (in Japan resection is applied to 30% of HCC
patients, a considerable difference even taking into
account the higher proportion of patients with chronic
hepatitis rather than fully developed cirrhosis) (48), and
by pro-generative techniques that favor the preoperative
increase of the remnant liver such as portal vein – and
arterial – embolization in the territory that will be sacri-
ficed by the hepatectomy (49,50). The second limit of
liver resection in the treatment of HCC is that, because
of the carcinogenic potential of the underlying liver dis-
ease, recurrences are almost inevitable, at a rate of 15%-
25% per year, as summarized in a previous publication
(43). Four strategies can be opposed to this problem.

1) to offer resection preferentially to patients at low risk
of recurrence. To some extent the propensity of the
cirrhotic liver to develop new nodules can be deter-
mined. Recurrences are particularly likely to develop
in patients with increased transaminases and active
hepatitis (51,52,53), and probably in the presence
of macro-regenerative nodules and large cell
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Fig. 4
Staging classification of the Barcelona Clinic Liver Cancer (BCLC) study group. Abbreviations : Okuda : Okuda stage. PST : per-
formance status. CLT : cadaveric liver transplantation. LDLT : living-donor liver transplantation. PEI : percutaneous ethanol injec-
tion. RFTA : radiofrequency thermal ablation.
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dysplasia (10). Although the propensity of the under-
lying liver to develop de novo tumors can probably
no be altered, in our unit a high hepatitis activity or
increased transaminases weight towards alternatives
to liver resection, and in these patients we prefer
either liver transplantation, that eradicates the cirrho-
sis, or RFTA, that will allow treatment of new lesions
more easily.

2) to argue that survival, and not disease-free survival
is what matters : this point of view corresponds to a
more pragmatic view of the advantages of liver
resection as opposed to liver transplantation, that is
more complex, poorly available, and subject to the
danger of hepatitis C recurrence in the graft.
Furthermore, recurrences can be treated in their own
right, and with good liver function are compatible
with relatively long-term survival (54).

3) to consider that resection can be followed by liver
transplantation for recurrence in a more global
strategy. This point and the preceding one, both cru-
cial in the choice between resection and transplanta-
tion, will be treated more extensively below.

4) to rely on adjuvant treatments. Unfortunately this
field has not held the promise of initial reports.
Pharmaco-prevention by a retinoid was associated
with a markedly diminished recurrence rate in a
prospective randomized study (55) ; this drug how-
ever, and for unknown reasons, has not gained the
expected popularity. Adoptive immunotherapy with
tumor cells was also associated with diminished
recurrences (56), but this result has not been con-
firmed in a larger scale. Similarly new studies are
needed to recommend postoperative TACE, internal
irradiation with I1 (31) lipiodol (57,58), or interfer-
on (59). Any of the quoted studies needs to be con-
firmed and is not enough as a basis to adopt new
practices (60).

The two latter points, that are crucial in the issue of
the choice between liver resection and liver transplanta-
tion will be developed below.

On the ground that local control of the disease and
overall survival, rather than disease-free survival, should
be the endpoint, and that the best local control of the dis-
ease can be offered by partial hepatectomy, some groups
are offering liver resection to patients with multiple
tumors who are not candidate for liver transplanta-
tion (48), (Mazzaferro, personal communication). This
approach may increase the number of patients who
undergo resection from 5% to 15%-20%, with proper
targeting of the screened population (child A patients).
Whether this approach is better than percutaneous treat-
ments or combination of TACE and percutaneous treat-
ments is unproven. Figures from Japan show a similar
survival for both approaches (61). In our unit, we reserve
resection to patients with single lesions, child A, with
normal bilirubin and no portal hypertension
(< 10 mmHg wedge hepatic gradient) on a portal hemo-

dynamic study and transjugular biopsy that is part of the
evaluation protocol of cirrhotic patients candidate for
surgery.

Percutaneous techniques vs. liver resection

Given the excellent results of PEI or RFTA in patients
with small nodules, can these be considered as equiva-
lent or better solutions than liver resection in all
patients ? Prospective randomized trails comparing PEI
to liver resection do not and may never exist, probably
because of marked center preferences (48). Recent mul-
ticentric cohort studies in Japan using either techniques,
however, show a small advantage for liver resection,
reflecting in part the bias that patients with liver resec-
tion have a better liver function, but also that the wider
safety margin offered by partial hepatectomy is a real
advantage in a proportion of cases. Also, the criteria to
define that a nodule is sterilized after percutaneous treat-
ments (lack of contrast uptake on CT or MRI) may over-
estimate the true effectiveness of percutaneous ablation,
as demonstrated by the increasing proportion of viable
cells that are found in explanted nodules as the interval
from a seemingly successful RFTA and transplantation
increases (62). In our center, percutaneous treatments
are preferred to liver resection in a) patients with central
liver lesions and diminished hepatic reserve or with
extrahepatic surgical risk factors who do not qualify for
liver resection b) patients with multiple tumors who do
not qualify for liver transplantation c) in patients at high
risk of recurrence after resection, as discussed above. In
borderline patients, we consider arguments in favor of
resection a tumor size approaching 3 cm (larger lesions
are treated less effectively by percutaneous ablation),
and the peripheral location of a tumor (resection can be
accomplished with minimal sacrifice of hepatic func-
tion).

In the practice of our HCC clinic, therefore, the
dilemma between RFTA and liver resection is more the-
oretical than practical as the evaluation of the patient, of
the cirrhosis and of the tumor usually makes the decision
obvious.

Preoperative and postoperative management for resec-
tion and percutaneous treatments

The use of neo-adjuvant treatments before liver resec-
tion can not be recommended on the basis of available
studies (Schwartz), and the approach in our unit is to use
preoperative TACE only to stabilize the tumor when
preparatory strategies, such as portal vein embolization,
are implemented, or to increase the resectability of large
tumors, a concept that is difficult to justify within the
framework of evidence-based medicine, but that is obvi-
ous in surgical practice (63).

After surgery or percutaneous ablation, on the argu-
ments stated above, we do not follow any postoperative
regimen beyond surveillance with US and alpha-feto-
protein measurement every three months and a baseline
CT on the first postoperative day, at three months and six
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monthly thereafter for RFTA, and at one month and six
monthly for 2 years for resection, treating recurrence as
appropriate when they appear.

Liver transplantation

The excellent result of liver transplantation in terms
of mortality and recurrence for patients fulfilling the cri-
teria of Paul Brousse (23) (1 or 2 tumors up to 3 cm) or
of Milan (up to 3 tumors, up to 3 cm or 1 tumor up to
5 cm) (24) have been confirmed in several series (64),
and a selection of recent publications with original fea-
tures is summarized in table 1 (65,66,67,68,69,70,71,72,
73,74). Indeed liver transplantation has been demon-
strated to be an excellent treatment also for patients out-
side these criteria, despite higher recurrence figures. In
part because of its success, liver transplantation for HCC
is confronted to two opposing pressures. On one side,
organs are scarce, and patients wait longer on the trans-
plant waiting list, facing the risks of contraindications to
transplantation developing, with a negative impact on
intention-to-treat results that are inferior to the reported
post transplantation figures. On the other side, it appears
that the criteria are too strict, and exclude patients who
could potentially benefit from transplantation. Both
issues are passionately debated in HCC groups and we
will summarize the present knowledge and our points of
view below.

Intention to treat results

The BCLC group highlighted that intention-to-treat
results of OLT for HCC were markedly affected by the
longer waiting time experienced in recent years, with
24% of the patients either dying or developing con-
traindications while waiting (47). This despite the fact
that disease progression in size or number was not con-
sidered as a dropout criterion (in the study, only vascu-
lar invasion or distant metastases were considered as
contraindications to transplantation). It is noteworthy,
however, that this group – unconvinced of the benefits of
TACE – did not offer any treatment to slow the progres-
sion of the tumor while waiting. A decision analytic
approach from the same team concluded that PEI was a
good option for waiting times less than 6 months, and
liver resection for waiting times in excess of one
year (75). However, this study was published before two
prospective randomized trials and a meta-analysis
showed that TACE is an effective treatment for HCC,
indeed in patients whose disease was more advanced
than in patients qualifying for transplantation (17,18).
Stimulated by the Barcelona group, other centers –
mostly using TACE in the waiting period – reported their
intention to treat and dropout figures as lower than the
BCLC’s, although all experiences reaching different
results can be criticized (summarized in Table 2) (76,
77). The San Francisco group quoted better intention to
treat results and lower dropout figures in a population

treated with TACE (71). This study, however, is biased
by inaccurate preoperative staging (25% of the tumors
were discovered incidentally, up to a size of 5 cm) and
by the retrospective histological – rather than prospec-
tive radiological – basis of for their conclusions. The
best published evaluation so far comes form the
Innsbruck group that reports a 0% dropout rate in a
series of 45 patients within the Milan criteria and excel-
lent disease-free short-term survival. The waiting time,
however, was relatively short to be able to conclude
firmly on the true progression rate of the tumor on the
waiting list in patients undergoing pre-transplant TACE.
In our unit we use TACE systematically unless the tumor
is hypovascular, based on a very favorable experience in
terms of complications, and of the extrapolation of the
available literature on TACE to the situation of the wait-
ing list (78). Patients are followed-up with three month-
ly AFP and ultrasound, and six-monthly CT and bone
scan. In a cohort of 68 patients with a known HCC on
the waiting-list for a median of 5.5 months, there was 1
tumor-related dropout among 42 patients Child A and B
within Milan’s criteria, and 2 tumor-related dropouts
among 10 patients outside Milan’s criteria. As waiting
time lengthened, however, our program experienced 6
tumor-unrelated deaths in patients who were either
Child B or Child C at the time of listing.

Based on the studies mentioned above, and of our
experience, it seems that TACE is a reasonable option,
and will probably be accepted as standard treatment for
patients on the waiting list, despite the lack of direct
comparative studies against no treatment. Whether PEI
of RFTA - alone or in association to TACE - are better
than TACE alone will probably be answered shortly. In
Switzerland, a protocol comparing TACE vs. TACE +
RFTA for waiting-list patients is running and it was
judged that the evidence in favor of TACE was sufficient
to consider a no-treatment arm unethical (79).

The above-mentioned studies have highlighted the
need of common definitions for exclusion criteria, and
whether these criteria should be the same in treated and
untreated patients. Very low recurrence rate in centers
applying restrictive criteria for listing and looser criteria
for drop-out (Barcelona, Milan, Paris and Geneva, to
quote a few) supports the concept that tumor progression
in size or number while on the waiting list is not a con-
traindication to liver transplantation (Table 1).

Are traditional criteria too restrictive and how should
they be enlarged ?

The experience in all centers that have transplanted
patients with HCC shows that by the standards of
surgical oncology, liver transplantation is a good option
even for patients beyond the traditional criteria, with 5-
year survival rates in the order of 50% or 25% (table
3) (80, 81,82). While from a societal perspective these
figures are unacceptable in the face of the severe short-
age of organs, they still show that from an individual
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perspective the traditional criteria fail to offer the best
chances for a patients with more advanced disease. To
compound the problem, with the advent of LDLT the
responsibility to optimize the results of the grafts is
arguably removed.

While the problem is topical, there is very little basis
for recommendations (83). For the sake of clarity the
issue can be split in different paragraphs.

a) The central issue in liver transplantation for HCC is
the presence of occult extrahepatic disease that will
ultimately reveal as recurrence. Traditional radiolog-
ical criteria have served as surrogate markers for the
probability of extrahepatic spread, the strongest cor-
relation being with macroscopic vascular invasion,
then with tumor size, then with tumor number, prob-
ably in a ragbag comprising i) intrahepatic metas-
tases of the index tumor – with a high predictive
value for distant spread- and ii) true independent
tumors – for which the additional risk should only be

added to the risk of the index nodule. As surrogate
markers, the number and the size of tumors are
imperfect, and better markers are needed, especially
outside Milan’s criteria.

b) Traditional criteria on number of lesions may be too
restrictive now when better radiology decreases the
gap between the number of nodules known preoper-
atively and the number of nodules discovered post-
operatively. In other words, older radiology provided
a discount in the number of lesions that is now being
eroded by better imaging. This problem is frequent-
ly debated in HCC groups when listing or refusing
patients. The only answer so far is empirical : the
Barcelona group follows strictly the consensus con-
ference definition of HCC, that the nodule has to be
larger than 2 cm and concordant on at least two
investigations (83). We use a similar approach with
the difference that for borderline cases we biopsy
one or two of the controversial nodules and list the
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Table 1. — Selection of recent series of liver transplantation for hepatocellular carcinoma

Author Ref Patients Features Criteria (number size) Recurrences Survival Comments

Bismuth 23 60 R no extrahepatic spread 30% 49% (3 years) Landmark series
Mazzaferro 24 48 P Milan 8% 75% (4 years)
Llovet 47 87 P BCLC 3% 82/69/69
Figueras 65 307 Multicentric <3<5 21% na/67/63 43% with AFP > 300 p 0.04
Herrero 66 47 1<6, 3 < 5 13% 87/79/79
Tamura 67 53 na 26% 79/65/61 incidental included
Jonas 68 120 Milan 16% 90/-/71 incidental included. Vascular invasion and

differentiation correlate with and refine
size and number

Gondolesi 69 27 LDLT MS 7% 81/na/na Waiting time 83 days. Short FU (276+-
213 days) precludes analysis recurrences

Moya 70 23 HCV- Milan 11.5% 87/77/77 Short waiting time. Data on patients out-
side criteria not available

81 HCV+ 70/63/59
Yao 71 60 UCSF 11% 90/82/75 33% incidental
Kaihara 72 56 LDLT No PVT 11% 73/54/na 25% postoperative mortality, short fol-

low-up (11 months, range 1-39) precludes
reliable interpretation on recurrences and
survival

Adam 73 195 PLT PB(after 1992) 18% 80 68 61 High peroperative mortality and recur-
rence rate in SLT group. Probably biased
by early experience

17 SLT 54% 71 53 41
Belghiti 74 70 PLT Milan 4% na/82/69 

18 SLT 5% na/82/61
GLCG – 49 P Milan 4% 92/88/84 8 patients transplanted prospectively out-

side Milan’s criteria

Statistics : descriptive : median and range unless specified. Survival : % patients surviving at 1/3/5 years.

Abbreviations :
BCLC : Barcelona Clinic liver cancer study group criteria :single tumor < 5 cm or 3 tumors up to 3 cm, no vascular invasion, no lymph nodes, no

distant spread.
GLCG : Geneva Liver Cancer Group.
Milan : Milan criteria : single tumor < 5 cm or 3 tumors up to 3 cm, no vascular invasion, no lymph nodes, no distant spread.
MS : Mount Sinai criteria : tumor involves < 75% of liver; main portal vein free, if bilateral tumors, smallest tumor < 5 cm, no lymph nodes, no

distant spread.
PVT : portal vein thrombosis.
P : prospective.
Paul Brousse : pauld Brousse criteria : up to 3 tumors, up to 3 cm, no vascular invasion, no lymph nodes, no distant spread.
PLT : Primary liver transplantation.
R : retrospective.
VI : Vascular invasion.
SLT : salvage liver transplantation.
UCSF : University of California San Francisco criteria :single tumor < 6.5 cm, up to 3 tumors < 4.5 cm, sum of all tumors < 8 cm.
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patient if no tumor is confirmed (minimizing the risk
of seeding by performing the biopsy with the co-
axial technique (84). This protects patients against
the risk of overstaging of the disease, and we recent-
ly transplanted a patient diagnosed with 7 liver nod-
ules typical of HCC only two of which were true
HCC on the explanted liver (fully within Milan’s cri-
teria). The group in Pisa (Lencioni R, personal com-
munication, 2003) is investigating an approach in
which only the lesions with an identical MRI behav-
ior to the index lesion are counted as meaningful, a
rational attempt to discriminate between new nod-
ules and intrahepatic metastases.

c) Tumor size and – to a lesser extent – tumor number
correlate to microscopic vascular invasion and tumor
grading, indeed the only predictor of survival on
multivariate analysis in a recent large series (68).
Supposedly, histological markers are of limited util-
ity because they are retrospective on the explanted
liver, or because they could be obtained only by pre-
operative biopsy that is subject to complications and
to sampling errors. Yet it is possible that even at the
cost of a liver biopsy, tumor histology could offer a
better prediction of a favorable outcome in patients
outside the Milan criteria and prospective evaluation
of such a strategy may be warranted.

d) Extrapolation from the available literature of guide-
lines to expand the criteria should be cautious as
most studies refer to histological post-hoc criteria in
patients that were transplanted intentionally within
the traditional criteria (or worse, without known
tumors). The biological behavior of these “missed
targets” may in fact be different than patients who
are known to be outside the criteria from the time of
their evaluation. There are two exceptions among
these studies. The Mount Sinai group studied
prospectively a cohort of patients with expanded cri-
teria, concluding that lesions up to 7 cm without vas-
cular invasion have an acceptable survival rate of
approximately 50% at 5 years (76). And we reported
on the positive selection effect of TACE when the
treatment obtained a reduction of 50% in the size of
the tumors (defined as downstaging), with only three
recurrences and a 78% 5-year disease-free survival
in a group of 19 patients originally outside the Paul
Brousse criteria. The latter experience was chal-
lenged by the group in Innsbruck who transplanted a
group of 10 patients who were downstaged, with
poor results. However, the 3 of 5 deaths were not
related to the tumor, and no conclusions can be
reached on these results. We are presently trying to
validate prospectively the concept of downstaging by
treating aggressively patients outside the criteria to
either within the criteria or to a stage of stable dis-
ease where they can benefit form grafts refused oth-
erwise. The rationale for this practice is the assump-
tion that time on the waiting list and response to
TACE will select the tumors with a more benign

biology. The validity of this concept is supported by
the analysis of 60 liver nodules after transplantation
showing a correlation between complete tumor
response and the absence of vascular or capsular
invasion, suggesting that TACE is particularly effec-
tive in well-differentiated tumors (85). We experi-
enced no recurrences so far in a group of 6 patients,
after a median follow up of 3 years.

e) Analysis of the literature offers at least two firm rec-
ommendations : i) macroscopic vascular invasion is
associated with a poor prognosis, and virtually all
patients will recur, with the odd cases of segmental
thrombosis that have been censored as surviving, but
for whom a longer follow-up may be needed (recur-
rences have been observed after several years
(64,86). ii) tumor differentiation becomes a highly
predictive surrogate marker of distant spread in
tumors beyond 5 cm in size. Indeed we were not able
to find either in the literature or in the experience of
transplant colleagues, any patient with a poorly dif-
ferentiated tumor larger than 5 cm surviving without
recurrence beyond 5 years (table 3). The results for
poorly differentiated tumors < 5 cm are rather good,
with 67% 3-year survival among 9 patients in the
series of Tamura (67). Unfortunately case-by case
data can be extracted only rarely from published
series.

What recommendations can be made ? Enlarged cri-
teria will need defining and prospective validation, in
that order. Careful expansion of traditional criteria can
be attempted within experimental boundaries, aiming to
test strategies that may yield a “reasonable” chance of
survival, defined arbitrarily as 50% at 5 years. The
Barcelona group included in a prospective protocol
patients who fulfill the rule of “7 or symmetric 3s and
5s”, representing the size of a solitary nodule, and the
number and size of multiple nodules, respectively. In
addition they suggested that patients who responded
successfully to any form of treatment of HCC to reach
the traditional criteria and who did not show signs of
progressive disease for 6 months could be included (87).
In our center we accept on the main waiting list patients
who have reached the traditional criteria after TACE,
and consider for transplantation with marginal grafts
(for instance from donors with malignant tumors of the
central nervous system) patients whose disease has been
stabilized with TACE for at least 6 month, or patients
who fit in the Barcelona expanded criteria, in whom a
liver biopsy does not show a poorly differentiated tumor.
The flowchart for the management of potential candi-
dates for liver transplantation in our center is illustrated
in figure 4. 

Living-donor liver transplantation

Only 2 series concentrate specifically on the issue of
LDLT for HCC (table 1). On the argument that inten-
tion-to-treat results are worsened by a long waiting time,
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it would be reasonable to assume that the results of
LDLT would be better than of cadaveric liver transplan-
tation. Unfortunately no series addresses the issue of
intention to treat results, and follow-up is too short to
extrapolate data on recurrences or overall survival. In
theory, recurrences may be as high or higher than with
cadaveric liver transplantation, for two reasons. The first
is that LDLT frees the teams from the duty to optimize
the use of a public commodity, and patients outside the
traditional criteria can be transplanted. The second is
that LDLT allows transplanting borderline patients
quickly, without the natural selection offered by seeing
how the disease evolves during the time on the waiting
list – with or without treatment. It is therefore possible
that LDLT transforms some would-be early dropouts
into recurrences. The latter concern is apparently not
supported – at least within Milan’s criteria - by the expe-
rience of the Kyoto group showing only 1 recurrence
among 20 patients (72). The follow-up of the series,
however, was very short, and so far it is not possible to
state whether LDLT is better or worse than cadaveric
liver transplantation for the treatment of HCC. Only
theoretical models are available to guide counseling
and clinical choices. We investigated the potential
advantages of LDLT for HCC in a decision analytic
approach (88). Assuming a drop-out rate of 4% per
month (the only one published that far), and a success
rate of LDLT equal to average results of cadaveric liver
transplantation for HCC (70% 5-year survival in a
60 year-old patient) we concluded that LDLT offered
an appreciable advantage on cadaveric liver trans-
plantation for waiting times in the region of 6-
12 months. Better post-transplantation outcomes and
higher dropout rates increased the advantage on favor of
LDLT. One of the interesting point of the analysis was
that for survival rates lower than 50% at 5 years, the
conventional target of a cost-effective procedure
(50 000 $ for year of life saved) was never reached.
Although the results of the analysis may change accord-
ing to the value of the different parameters, the low cost-
effectiveness argue against accepting patients with
extended criteria and an anticipated survival in the
LDLT program. In our team, each case is discussed
on its own right, and the group takes a consensual deci-
sion. Overall, we prefer to transplant patients who are
outside the criteria with a marginal graft rather than
resorting to LDLT, because the potential adverse long-
term psychological consequences of unsuccessful reci-
pient outcome on the donor are still unknown. Also, we
believe that to some extent even LDLT should be con-
sidered as a public resource, as the community will
judge the results and the maturity of the transplant teams
on the ground of long-term results and overall satisfac-
tion. On the whole, this seems also to be the position of
the European transplant community, as the preliminary
figures of the ELTR show excellent figures for liver
transplantation for HCC (R. Adam, personal communi-
cation 2003).

When multiple options are open : resection vs. trans-
plantation or primary resection and salvage transplan-
tation

Several series have tried to compare the results of
liver resection and of liver transplantation for HCC
(23,47,89,90,91). The retrospective nature of the studies
and the different clinical characteristic of patients for
resection and patients for transplantation introduce
insoluble biases that render the conclusions of these
studies of little use. The merit of these series is to have
highlighted the main problems concerning each treat-
ment, namely that resection can be offered only to a
minority patients and that recurrences are almost univer-
sal, and that liver transplantation is limited by the scarci-
ty of grafts. Other crucial issues, such as of quality of
life, long-term survival and hepatitis C virus recurrence
have yet to be addressed. Similarly to what was said for
the choice between resection and RFTA, however, in
daily practice of the specialized clinic, the question is
more theoretical than practical : while the answer may
be uncertain for a given tumor, once the whole clinical
context of the patient and the availability of a graft is
taken into account, the answer of the best treatment is
generally obvious. Rather than on the direct comparison
between resection and transplantation, therefore, our
group focused on whether a strategy of primary resec-
tion and salvage liver transplantation could be
applied (92). In other words, whether when offering
liver resection to a patient – a sub-optimal choice in
terms of disease-free survival – liver transplantation
could be offered as a viable rescue option in case of
recurrence. The strategy would reconcile resection and
transplantation not as opposing alternatives but as non-
exclusive options for patients in whom both would be
available. The decision analysis allowed to integrate the
strength and weaknesses of the two treatments – prima-
ry transplantation and primary resection and salvage
transplantation- for several practical scenarios taking
into account different waiting times, recurrence rates
and transplantability at the time of recurrence. We con-
cluded that primary resection and salvage transplanta-
tion was a reasonable strategy, provided that at least
60% of recurrences could be detected at a stage when
they are still transplantable, and that the outcome of
transplantation is not more than 10% inferior to primary
liver transplantation. Leading groups analyzed their
experience in this context, and the option appears viable,
with figures of transplantability at recurrence and sur-
vival after transplantation similar or better than the ones
that we had estimated (74,93) despite the Paul Brousse
group reporting inferior results for salvage transplanta-
tion (73), a result possibly affected by the high mortali-
ty, recurrence rate and low transplantability of earlier
patients (table 1). Despite the dry and theoretical flavor
of decision analysis, the advantage of the method is that
it is easier to estimate probabilities of dropout, trans-
plantability and recurrence for individual patients than
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for whole series and that this can help to customize clin-
ical choices better than a pre-defined attitude. For
instance, in our group, primary transplantation is the
favored option with long life expectancy and quality of
life after transplantation, and a high recurrence rate after
resection (the extreme would be a young hepatitis B
patient with a single small tumor but multiple dysplastic
nodules), while resection would be the preferred option
for a relatively old weaned alcoholic cirrhosis with nor-
mal transaminases and preserved hepatic function (low
recurrence rate after resection), or for a blood-group O
hepatitis C virus patient with a large tumor, in whom the
chances of dropping out on the waiting list are high.

Palliative treatments

Transarterial chemoembolization

The consensus conference could not find sufficient
evidence to include TACE into the accepted therapeutic
modalities for HCC, and one of the main advances in the
past three years was the confirmation that in a carefully
defined group of patients – Child A with intermediate
disease – TACE has a favorable effect on survival. These
results must be credited to two well-designed prospec-
tive randomized studies (17,18) that reproduced the sce-
nario of the main negative investigation on TACE that
showed an anti-tumor effect but no significant survival
benefit (79), and a of a thorough meta-analyisis (94).
The reasons of the differences between the negative
studies and the most recent ones have been attributed to
better patient selection and in the absence of treatment-
related deaths. More useful for clinical practice, and
somehow underestimated in the meta-analysis, is that
both recent studies (and modern TACE in most centers)
involved selective catheterization of the tumoral vessels,
or of the vessels of the segment involved by the tumor,
rather than embolization in the main branches of the
hepatic artery. With this technique, in our unit TACE is
being offered with minimal morbidity and no mortality
in selected child B patients with multifocal disease not
amenable to percutaneous treatment. The potential ben-
efit in survival and the cost-effectiveness of widening
the indications of TACE are being investigated.

Hormonal manipulations and systemic chemotherapy
for advanced HCC

A recent meta-analysis has confirmed that Tamoxifen
confers no survival advantage in patients with advanced
HCC (94). No definitive data are yet available for
medroxiprogesterone acetate, for which preliminary
reports had suggested a potential effect. A small ran-
domized study on the advantages of somatostatin (95)
has not been confirmed on a wider trial published
recently (96) and in a large multicentric European inves-
tigation (in press). Traditional chemotherapeutic regi-
mens have been tried with no success other than in anec-
dotal reports, and their use is complicated by the presen-

ce of (decompensated) cirrhosis. Also, anecdotal reports
have illustrated dramatic responses to combined
immunotherapy-chemotherapy regimens (97). These
studies await confirmation in prospective protocols, and
no regimen can be recommended at present.

Future prospects

The field of HCC is changing rapidly, and new mark-
ers for HCC at a pre-clinical stage, or for differentiation
and distant spread of known tumors, are being explored,
including the use of sophisticated techniques from DNA
microsatellites analysis (98), to polymerase-chain-reac-
tion detection of HCC cells in the circulation or in the
bone marrow (99). Despite the intensive efforts of many
investigators, however, none of these studies has yet
given results useful in clinical practice. The problem is
compounded by the focal nature, in the same tumor, of
the progression towards de-differentiation and aggres-
sive behavior. This feature, common in many cancers, is
particularly evident in HCC with areas of good differen-
tiation and areas of poor differentiation and aggressive
behavior co-existing in the same tumor, making it diffi-
cult to interpret correctly preoperative biopsies or more
refined molecular biology markers. Because less subject
to sampling errors, it is possible that new imaging tech-
niques, some of which will include metabolic informa-
tion such as it is already the case for some hepatocytic
MRI contrast media (100), will be the first to fill the
need for better screening, staging and prognostication of
the disease.

Conclusions

At the dawn of the third millennium, the treatment of
HCC has rapidly evolved from a field of doom and inac-
tivity, to an exciting and rewarding practice, at the cross-
road of hepatology, radiology, liver surgery and trans-
plantation, and health resource management. While the
correct treatment of individual patients remains difficult,
therapies are effective, the choice among them rests on
evidence-based medicine, and the framework is set for
clinical research to solve some crucial issues, such as
expansion of the criteria for liver transplantation. 

Aknowledgments

Members of the Geneva Liver Cancer Study group are
Surgery : Philippe Morel, Gilles Mentha, Olivier Huber,
Léo Buhler, Thierry Berney, Pietro Majno, Christian
Toso.
Hepatology : Antoine Hadengue, Emiliano Giostra,
Laurent Spahr, Isabelle Morard.
Radiologiy : François Terrier, Christoph Becker, Pierre-
Alain Schneider, Sylvain Terraz.
Pathology : Laura Rubbia-Brandt.
Clinical psychiatry : Pascale Gelez
Decision analysis : François Sarasin. 

Acta Gastro-Enterologica Belgica, Vol. LXVII, April-June 2004



220 P. Majno et al.

We thank Ms Jennifer Strub for her assistance in
preparing the manuscript and for her help in organizing
the Hepatocellular carcinoma clinic.

References

1. PARKIN D.M., BRAY F., FERLAY J., PISANI P. Estimating the world
cancer burden. GLOBOCAN 2000. Int. J. Cancer, 2001, 94 : 153-156.

2. BRUIX J., SHERMAN M., LLOVET J.M., BEAUGRAND M.,
LENCIONI R., BURROUGHS A.K., CHRISTENSEN E., PAGLIARO L.,
COLOMBO M., RODES J. Clinical management of hepatocellular carci-
noma. Conclusions of the Barcelona-2000 EASL conference. European
Association for the Study of the Liver. J. Hepatol., 2001, 35 : 421-30.

3. FATTOVICH G., GIUSTINA G., SCHALM S.W. et al. Occurrence of
hepatocellular carcinoma and decompensation in Western European
patients with cirrhosis type B : the EUROHEP Study Group on Hepatitis B
Virus and Cirrhosis. Hepatology, 1995, 21 : 77-82.

4. GANNE-CARIE N., CHASTANG C., CHAPEL F. et al. Predictive score
for the development of hepatocellular carcinoma and additional value of
liver large cell dysplasia in western patients with cirrhosis. Hepatology,
1996, 23 : 1112-1118.

5. COLOMBO M., DE FRANCHIS R., DEL NINNO E., SANGIOVANNI A.,
DE FAZIO C., TOMMASINI M. et al. Hepatocellular carcinoma in Italian
patients with cirrhosis. N. Engl. J. Med., 1991, 325 : 675-680.

6. BRUNO S., SILINI E., CROSIGNANI A., BORZIO F., LEANDRO G.,
BONO F. et al. Hepatitis C virus genotypes and risk of hepatocellular
carcinoma in cirrhosis : A prospective study. Hepatology, 1997, 25 : 754-
758.

7. TSUKUMA H., HIYAMA T., TANAKA S., NAKAO M., YABUUCHI T.,
KITAMURA T., NAKANISHI K., FUJIMOTO I., INOUE A., YAMAZA-
KI H. et al. Risk factors for hepatocellular carcinoma among patients with
chronic liver disease. N. Engl. J. Med., 1993, 328 : 1797-801.

8. DEGOS F., CHRISTIDIS C., GANNE-CARRIE N., FARMACHIDI J.P.,
DEGOTT C., GUETTIER C. et al. Hepatitis C virus related cirrhosis : time
to occurrence of hepatocellular carcinoma and death. Gut, 2000, 47 : 131-
136.

9. OKA H., TAMORI A., KUROKI T., KOBAYASHI K., YAMAMOTO S.
Prospective study of alpha-foetoprotein in cirrhotic patients monitored for
development of hepatocellular carcinoma. Hepatology, 1994, 19 : 61-66.

10. BORZIO M., BRUNO S., RONCALLI M., MELS G.C., RAMELLA G.,
BORZIO F. et al. Liver cell dysplasia is a major risk factor for hepatocel-
lular carcinoma in cirrhosis : a prospective study. Gastroenterology, 1995,
108 : 812-817.

11. BOLONDI L. Screening for hepatocellular carcinoma in cirrhosis. J.
Hepatol., 2003, 39 : 1076-84.

12. BOLONDI L., SOFIA S., SIRINGO S., GAIANI S., CASALI A.,
ZIRONI G., PISCAGLIA F. et al. Surveillance programme of cirrhotic
patients for early diagnosis and treatment of hepatocellular carcinoma : a
cost-effectiveness analysis. Gut, 2001, 48 : 251-259.

13. ARII S., YAMAOKA Y., FUTAGAWA S., INOUE K., KOBAYASHI K.,
KOJIRO M., MAKUUCHI M. et al. Results of surgical and nonsurgical
treatment for small-sized hepatocellular caricnomas : a retrospective and
nationwide survey in Japan. Hepatology, 2000, 32 : 1224-1229.

14. SATO S., SHIRATORI Y., IMAMURA M., TERATANI T., OBI S.,
KOIKEY., IMAI Y.,YOSHIDA H., SHIINA S., OMATA M. Power Doppler
signals after percutaneous ethanol injection therapy for hepatocellular
carcinoma predict local recurrence of tumors : a prospective study using
199 consecutive patients. J. Hepatol., 2001, 35 : 225-234.

15. LLOVET J.M., BURROUGHS A., BRUIX J. Hepatocellular carcinoma.
Lancet, 2003, 362 : 1907-17.

16. LENCIONI R., CIONI D., BARTOLOZZI C. Tissue harmonic and con-
trast-specific imaging : back to gray scale in ultrasound. Eur. Radiol., 2002,
12 : 151-65.

17. LO C. et al. Randomized controlled trial of transarterial lipiodol chemoem-
bolization for unresectable hepatocellular carcinoma. Hepatology, 2002,
35 : 1164-1171.

18. LLOVET J. et al. Arterial embolisation or chemoembolisation versus symp-
tomatic treatment in patients with unresectable hepatocellular caricnoma :
A randomised controlled trial. Lancet, 2002, 359 : 1734-1739.

19. Terminology of nodular hepatocellular lesions. International Working Party.
Hepatology, 1995, 17 : 27-35.

20. BORZIO M., FARGION S., BORZIO F., FRACANZANI A.L.,
CROCE A.M., STROFFOLINI T., OLDANI S., COTICHINI R.,
RONCALLI M. Impact of large regenerative, low grade and high grade dys-

plastic nodules in hepatocellular carcinoma development. J. Hepatol., 2003,
39 : 208-14.

21. DURAND F., REGIMBEAUD J.M., BELGHITI J. et al. Assessment of the
benefits and risks of percutaneous biopsy before surgical resection of hepa-
tocellular carcinoma. J. Hepatol., 2001, 35 : 254-258.

22. LLOVET J.M., BRU C., BRUIX J. Prognosis of hepatocellular carcinoma :
the BCLC staging classification. Semin. Liver Dis., 1999, 19 : 329-38.

23. BISMUTH H., CHICHE L., ADAM R., CASTAING D., DIAMOND T.,
DENNISON A. Liver resection versus transplantation for hepatocellular
carcinoma in cirrhotic patients. Ann. Surg., 1993, 218 : 145-51.

24. MAZZAFERRO V., REGALIA E., DOCI R., ANDREOLA S.,
PULVIRENTI A., BOZZETI F., MONTALTO F. et al. Liver transplantation
for the treatment of small hepatocellular carcinomas in patients with cir-
rhosis. N. Engl. J. Med., 1996 , 334 : 693-699.

25. OKEN M.M., CREECH R.H., TORMEY D.C., HORTON J., DAVIS T.E.,
MC FADDEN E.T., CARBONE P.P. Toxicity And Response Criteria Of
The Eastern Cooperative Oncology Group. Am. J. Clin. Oncol., 1982, 5 :
649-655.

26. LLOVET J.M., BUSTAMANTE J., CASTELLS A., VILANA R., AYUSO
MDEL C., SALA M., BRU C., RODES J., BRUIX J. Natural history of
untreated hepatocellular carcinoma : rationale for design and evaluation of
therapeutic trials. Hepatology, 1999, 29 : 62-67.

27. OKUDA K., OHTSUKI T., OBATA H., TOMIMATSU M., OKAZAKI N.,
HASEGAWA H., NAKAJIMA Y., OHNISHI K. Natural history of hepato-
cellular carcinoma and prognosis in relation to treatment. Study of 850
patients. Cancer, 1985, 56 : 918-28.

28. LIVER CANCER STUDY GROUP OF JAPAN. Predictive factors for long
term prognosis after partial hepatectomy for patients with hepatocellular
carcinoma in Japan. Cancer, 1994, 74 : 2272-2280.

29. CLIP. Prospective validation of the CLIP score : a new prognostic system
for patients with cirrhosis and hepatocellular carcinoma. Hepatology, 2000,
31 : 840-845.

30. CHEVRET S., TRINCHET J.C., MATHIEU D., RACHED A.A., BEAU-
GRAND M., CHASTANG C. A new prognostic classification for predict-
ing survival in patients with hepatocellular carcinoma. J. Hepatol., 1999,
31 : 133-141.

31. LEUNG T.W., TANG A.M., ZEE B. et al. Construction of the Chinese
University prognostic index for hepatocellular carcinoma and comparison
with the TNM staging system, the Okuda staging system, and the cancer of
the liver Italian program staging system : a study based on 926 patients.
Cancer, 2002, 94 : 1760-1769.

32. BISMUTH H., MAJNO P., ADAM R. Hepatocellular carcinoma : from
ethanol injection to liver transplantation. Acta Gastroenterol. Belg., 1999,
62 : 330-41.

33. LENCIONI R., PINTO F., ARMILLOTTA N., BASSI A.M., MORET-
TI M., DI GIULIO M., MARCHI S., ULIANA M., DELLA CAPANNA S.,
LENCIONI M., BARTOLOZZI C. Long-term results of percutaneous
ethanol injection therapy for hepatocellular carcinoma in cirrhosis : a
European experience. Eur. Radiol., 1997, 7 : 514-9.

34. SHIINA S., TAGAWA K., NIWA Y., UNUMA T., KOMATSU Y.,
YOSHIURA K., HAMADA E., TAKAHASHI M., SHIRATORI Y.,
TERANO A. et al. Percutaneous ethanol injection therapy for hepatocellu-
lar carcinoma : results in 146 patients. AJR Am. J. Roentgenol., 1993, 160 :
1023-8.

35. CASTELLS A., BRUIX J., BRU C. Treatment of small hepatocellular car-
cinoma in cirrhotic patients : a cohort study comparing surgical resection
and percutaneous ethanol injection. Hepatology, 1993, 18 : 1121-1126.

36. LENCIONI R.A., ALLGAIER H.P., CIONI D., OLSCHEWSKI M.,
DEIBERT P., CROCETTI L., FRINGS H., LAUBENBERGER J.,
ZUBER I., BLUM H.E., BARTOLOZZI C. Small hepatocellular carcinoma
in cirrhosis : randomized comparison of radio-frequency thermal ablation
versus percutaneous ethanol injection. Radiology, 2003, 228 : 235-40.

37. LLOVET J.M., VILANA R., BRU C., BIANCHI L., SALMERON J.M.,
BOIX L., GANAU S., SALA M., PAGES M., AYUSO C., SOLE M.,
RODES J., BRUIX J. Increased risk of tumor seeding after percutaneous
radiofrequency ablation for single hepatocellular carcinoma. Hepatology,
2001, 33 : 1124-9.

38. MULIER S., MULIER P., NI Y., MIAO Y., DUPAS B., MARCHAL G., DE
WEVER I., MICHEL L. Complications of radiofrequency coagulation of
liver tumours. Br. J. Surg., 2002, 89 : 1206-22.

39. BUSCARINI E., BUSCARINI L. Eur Radiol. Radiofrequency thermal
ablation with expandable needle of focal liver malignancies : complication
report. Eur. Radiol., 2004, 14 : 31-7.

40. DE BAERE T., RISSE O., KUOCH V., DROMAIN C., SENGEL C.,
SMAYRA T., GAMAL EL DIN M., LETOUBLON C., ELIAS D. Adverse
events during radiofrequency treatment of 582 hepatic tumors. AJR Am. J.
Roentgenol., 2003, 181 : 695-700.

Acta Gastro-Enterologica Belgica, Vol. LXVII, April-June 2004



Treatment of hepatocellular carcinoma at the dawn of the third millennium 221

41. KELEKIS A.D., TERRAZ S., ROGGAN A., TERRIER F., MAJNO P.,
MENTHA G., ROTH A., BECKER C.D. Percutaneous treatment of liver
tumors with an adapted probe for cooled-tip, impedance-controlled radio-
frequency ablation under open-magnet MR guidance : initial results. Eur.
Radiol., 2003, 13 : 1100-5.

42. KITAMOTO M., IMAGAWA M., YAMADA H., WATANABE C., SUM-
IOKA M., SATOH O., SHIMAMOTO M., KODAMA M., KIMURA S.,
KISHIMOTO K., OKAMOTO Y., FUKUDA Y., DOHI K. Radiofrequency
ablation in the treatment of small hepatocellular carcinomas : comparison
of the radiofrequency effect with and without chemoembolization. AJR Am.
J. Roentgenol., 2003, 181 : 997-1003.

43. BISMUTH H., MAJNO P.E. Hepatobiliary surgery. J. Hepatol., 2000, 32 :
208-24.

44. IMAMURA H., SEYAMA Y., KOKUDO N., MAEMA A.,
SUGAWARA Y., SANO K., TAKAYAMA T., MAKUUCHI M. One thou-
sand fifty-six hepatectomies without mortality in 8 years. Arch. Surg., 2003,
138 : 1198-1206.

45. FAN S.T., LO C.M., LIU C.L., LAM C.M., YUEN W.K., YEUNG C.,
WONG J. Hepatectomy for hepatocellular carcinoma : toward zero hospital
deaths. Ann. Surg., 1999, 229 : 322-30.

46. CHA C.H., RUO L., FONG Y., JARNAGIN W.R., SHIA J., BLUM-
GART L.H., DEMATTEO R.P. Resection of hepatocellular carcinoma in
patients otherwise eligible for transplantation. Ann. Surg., 2003, 238 : 315-
323.

47. LLOVET J.M., FUSTER J., BRUIX J. Intention-to-treat analysis of surgi-
cal treatment for early hepatocellular carcinoma : resection versus trans-
plantation. Hepatology, 1999, 39 : 1434-1440.

48. TAKAYAMA T., MAKUUCHI M. Ablation of hepatocellular carcinoma.
Jpn. J. Clin. Oncol., 2001, 31 : 297-8.

49. SUGAWARA Y., YAMAMOTO J., HIGASHI H., YAMASAKI S.,
SHIMADA K., KOSUGE T., TAKAYAMA T., MAKUUCHI M.
Preoperative portal embolization in patients with hepatocellular carcinoma.
World J. Surg., 2002, 26 : 105-10.

50. AZOULAY D., CASTAING D., KRISSAT J., SMAIL A.,
HARGREAVES G.M., LEMOINE A., EMILE J.F., BISMUTH H.
Percutaneous portal vein embolization increases the feasibility and safety of
major liver resection for hepatocellular carcinoma in injured liver. Ann.
Surg., 2000, 232 : 665-72.

51. KO S., NAKAJIMA Y., KANEHIRO H., HISANAGA M., AOMATSU Y.,
KIN T., YAGURA K., OHYAMA T., NISHIO K., OHASHI K., SHO M.,
YAMADA T., NAKANO H Significant influence of accompanying chronic
hepatitis status on recurrence of hepatocellular carcinoma after hepatecto-
my. Ann. Surg., 1996, 224 : 591-5.

52. SHIRABE K., TAKENAKA K., TAKETOMI A., KAWAHARA N.,
YAMAMOTO K., SHIMADA M., SUGIMACHI K. Postoperative hepatitis
status as a significant risk factor for recurrence in cirrhotic patients with
small hepatocellular carcinoma. Cancer, 1996, 77 : 1050-5.

53. REGIMBEAU J.M., ABDALLA E.K., VAUTHEY J.N., LAUWERS G.Y.,
DURAND F., NAGORNEY D.M., IKAI I., YAMAOKA Y., BELGHITI J.
Risk factors for early death due to recurrence after liver resection for hepa-
tocellular carcinoma : results of a multicenter study. J. Surg. Oncol., 2004,
85 : 36-41.

54. MINAGAWA M., MAKUUCHI M., TAKAYAMA T., KOKUDO N.
Selection criteria for repeat hepatectomy in patients with recurrent hepato-
cellular carcinoma. Ann. Surg., 2003, 238 : 703-10.

55. MUTO Y., MORIWAKI H., NINOMIYA M. et al. Prevention of second pri-
mary tumors by an acyclic retinoid, polyprenoic acid, in patients with hepa-
tocellular carcinoma. N. Engl. J. Med., 1996, 334 : 1561-1567.

56. TAKAYAMA T., MAKUUCHI S., HIROHASHI S. et al. Early hepatocel-
lular carcinoma as an entity with high rate of surgical cure. Hepatology,
1998, 28 : 1241-1246.

57. LAU W.Y., LEUNG T.W., HO S.K., CHAN M., MACHIN D., LAU J.,
CHAN A.T., YEO W., MOK T.S., YU S.C., LEUNG N.W., JOHNSON P.J.
Adjuvant intra-arterial iodine-131-labelled lipiodol for resectable hepato-
cellular carcinoma : a prospective randomised trial. Lancet, 1999 6, 353
(9155) : 797-801.

58. BOUCHER E., CORBINAIS S., ROLLAND Y., BOURGUET P.,
GUYADER D., BOUDJEMA K., MEUNIER B., RAOUL J.L. Adjuvant
intra-arterial injection of iodine-131-labeled lipiodol after resection of
hepatocellular carcinoma. Hepatology, 2003, 38 : 1237-41.

59. KUBO S., NISHIGUCHI S., HIROHASHI K., TANAKA H., SHUTO T.,
KINOSHITA H. Randomized clinical trial of long-term outcome after
resection of hepatitis C virus-related hepatocellular carcinoma by postoper-
ative interferon therapy. Br. J. Surg., 2002, 89 : 418-22.

60. SCHWARTZ J.D., SCHWARTZ M., MANDELI J., SUNG M. Neoadjuvant
and adjuvant therapy for resectable hepatocellular carcinoma : review of the
randomised clinical trials. Lancet Oncol., 2002, 3 : 593-603.

61. ARII S., YAMAOKA Y., FUTAGAWA S., INOUE K., KOBAYASHI K.,
KOJIRO M., MAKUUCHI M. et al. Results of surgical and nonsurgical
treatment for small-sized hepatocellular caricnomas : a retrospective and
nationwide survey in Japan. Hepatology, 2000, 32 : 1224-1229.

62. MAZZAFERRO V., REGALIA E., COPPA J., PULVIRENTI A.,
ROMITO R., SCHAIVO M. Viability of HCC cells after radiofrequency
thermal. — MAZZAFERRO V., BATTISTON C., PERRONE S., PULVIRENTI A.,
REGALIA E., ROMITO R., SARLI D., SCHIAVO M., GARBAGNATI F.,
MARCHIANÒ A., SPREAFICO C., CAMERINI T., MARIANI L., MICELI R.,
ANDREOLA S. Radiofrequency ablation of small hepatocellular carcinoma in
cirrhotic patients awaiting liver transplantation : a prospective study. Ann.
Surg., 2004 in press.

63. MAJNO P.E., ADAM R., BISMUTH H., CASTAING D., ARICHE A.,
KRISSAT J., PERRIN H., AZOULAY D. Influence of preoperative trans-
arterial lipiodol chemoembolization on resection and transplantation for
hepatocellular carcinoma in patients with cirrhosis. Ann. Surg., 1997, 226 :
688-703.

64. BISMUTH H., MAJNO P., ADAM R. Liver transplantation for hepatocel-
lular carcinoma. Seminars in liver disease, 1999, 19 : 311-322.

65. FIGUERAS J., IBANEZ L., RAMOS E., JAURRIETA E., ORTIZ-DE-
URBINA J., PARDO F., MIR J., LOINAZ C., HERRERA L., LOPEZ-
CILLERO P., SANTOYO J. Selection criteria for liver transplantation in
early-stage hepatocellular carcinoma with cirrhosis : results of a multicen-
ter study. Liver Transpl., 2001, 7 : 877-83.

66. HERRERO J.I., SANGRO B., QUIROGA J., PARDO F., HERRAIZ M.,
CIENFUEGOS JA., PRIETO J. Influence of tumor characteristics on the
outcome of liver transplantation among patients with liver cirrhosis and
hepatocellular carcinoma. Liver Transpl., 2001, 7 : 631-6.

67. TAMURA S., KATO T., BERHO M., MISIAKOS E.P., O’BRIEN C.,
REDDY K.R., NERY J.R., BURKE G.W., SCHIFF E.R., MILLER J.,
TZAKIS A.G. Impact of histological grade of hepatocellular carcinoma on
the outcome of liver transplantation. Arch. Surg., 2001, 136 : 25-31.

68. JONAS S., BECHSTEIN W.O., STEINMULLER T., HERRMANN M.,
RADKE C., BERG T., SETTMACHER U., NEUHAUS P. Vascular inva-
sion and histopathologic grading determine outcome after liver transplanta-
tion for hepatocellular carcinoma in cirrhosis. Hepatology, 2001, 33 : 1080-
6.

69. GONDOLESI G., MUNOZ L., MATSUMOTO C., FISHBEIN T.,
SHEINER P., EMRE S. et al. Hepatocellular carcinoma : A prime indica-
tion for living donor liver transplantation. J. Gastrointest. Surg., 2002, 6 :
102-107.

70. MOYA A., BERENGUER M., AGUILERA V., JUAN F.S., NICOLAS D.,
PASTOR M., LOPEZ-ANDUJAR R., RAYON M., ORBIS F., MORA J.,
DE JUAN M., CARRASCO D., VILA J.J., PRIETO M., BERENGUER J.,
MIR J. Hepatocellular carcinoma : Can it be considered a controversial
indication for liver transplantation in centers with high rates of hepatitis C ?
Liver Transpl., 2002, 8 : 1020-7.

71. YAO F. et al. Liver transplantation for hepatocellular carcinoma :
Expansion of tumor size limits does not adversely impact survival.
Hepatology, 2001, 33 : 1394-1403.

72. KAIHARA S., KIUCHI T., UEDA M., OIKE F., FUJIMOTO Y.,
OGAWA K. et al. Living-donor liver transplantation for hepatocellular car-
cinoma. Transplantation, 2003, 75 (suppl) : S37-S40.

73. ADAM R., AZOULAY D., CASTAING D., ESHKENAZY R.,
PASCAL G., HASHIZUME K., SAMUEL D., BISMUTH H. Liver resec-
tion as a bridge to transplantation for hepatocellular carcinoma on cirrho-
sis : a reasonable strategy ? Ann. Surg., 2003, 238 : 508-19.

74. BELGHITI J.., CORTES A., ABDALLA E.K., REGIMBEAU J.M.,
PRAKASH K., DURAND F., SOMMACALE D., DONDERO F.,
LESURTEL M., SAUVANET A., FARGES O., KIANMANESH R.
Resection prior to liver transplantation for hepatocellular carcinoma. Ann.
Surg., 2003, 238 : 885-93.

75. LLOVET J.M., MAS X., APONTE J.J., FUSTER J., NAVASA M.,
CHRISTENSEN E., RODES J., BRUIX J. Cost effectiveness of adjuvant
therapy for hepatocellular carcinoma during the waiting list for liver trans-
plantation. Gut, 2002, 50 : 123-8

76. ROAYAIE S., FRISCHER J.S., EMRE S.H., FISHBEIN T.M.,
SHEINER P.A., SUNG M., MILLER C.M., SCHWARTZ M.E. Long-term
results with multimodal adjuvant therapy and liver transplantation for the
treatment of hepatocellular carcinomas larger than 5 centimeters. Ann.
Surg., 2002, 235 : 533-9.

77. GRAZIADEI I.W., SANDMUELLER H., WALDENBERGER P.,
KOENIGSRAINER A., NACHBAUR K., JASCHKE W.,
MARGREITER R., VOGEL W. Chemoembolization followed by liver
transplantation for hepatocellular carcinoma impedes tumor progression
while on the waiting list and leads to excellent outcome. Liver Transpl.,
2003, 9 : 557-63.

Acta Gastro-Enterologica Belgica, Vol. LXVII, April-June 2004



222 P. Majno et al.

78. GECH. A comparison of lipiodol chemoembolization and conservative
treatment for unresectable hepatocellular carcinoma. Groupe d’Etude et de
Traitement du Carcinome Hepatocellulaire. N. Engl. J. Med., 332 : 1256-
61.

79. Swiss association for the study of the liver website. http : //www.SASL.ch.
80. IWATSUKI S., DVORCHIK I., MARSH J.W., MADARIAGA J.R.,

CARR B., FUNG J.J., STARZL T.E. Liver transplantation for hepatocellu-
lar carcinoma : a proposal of a prognostic scoring system. J. Am. Coll.
Surg., 2000, 191 : 389-94.

81. STEINMULLER T., PASCHER A., SAUER I., THERUVATH T.,
MULLER A., SETTMACHER U., NEUHAUS P. Living-donation liver
transplantation for hepatocellular carcinoma : time to drop the limitations ?
Transplant. Proc., 2002, 34 : 2263-4.

82. YAO F.Y., FERRELL L., BASS N.M., BACCHETTI P., ASCHER N.L.,
ROBERTS J.P. Liver transplantation for hepatocellular carcinoma : com-
parison of the proposed UCSF criteria with the Milan criteria and the
Pittsburgh modified TNM criteria. Liver Transpl., 2002, 8 : 765-74.

83. BRUIX J., LLOVET J.M. Liver transplantation for hepatocellular carcino-
ma : Foucault pendulum versus evidence-based decision. Liver Transpl.,
2003, 9 : 700-2.

84. AZOULAY D., JOHANN M., RACCUIA J.S., CASTAING D.,
BISMUTH H. “Protected” double needle biopsy technique for hepatic
tumors. J. Am. Coll. Surg., 1996, 183 : 160-3.

85. TERRAZ S., RUBBIA-BRANDT L., MAJNO P., MENTHA G.,
BECKER C., TERRIER F. Transarterial chemoembolization in hepato-
cellular carcinoma.

86. REGALIA E., FASSATI L.R., VALENTE U. Pattern and management of
recurrent hepatocellular carcinoma after liver transplantation. J. Hep. Bil.
Pancr. Surg., 1998, 5 : 29-34.

87. BRUIX J., LLOVET J.M. Prognostic prediction and treatment strategies in
hepatocellular carcinoma. Hepatology, 2002, 35 : 519-524.

88. SARASIN F. P., MAJNO P. E., LLOVET J. M., BRUIX J., MENTHA G.,
HADENGUE A. Living donor liver transplantation for early hepatocellular
carcinoma : A life-expectancy and cost-effectiveness perspective.
Hepatology ; 2001, 33 : 1073-9.

89. FIGUERAS J., JAURRIETA E., VALLS C., RAMOS E., SERRANO T.,
RAFECAS A., FABREGAT J., TORRAS J. Resection or transplantation for
hepatocellular carcinoma in cirrhotic patients : outcomes based on indicat-
ed treatment strategy. J. Am. Coll. Surg., 2000, 190 : 580-7.

90. BIGOURDAN J.M., JAECK D., MEYER N., MEYER C., OUSSOULT-
ZOGLOU E., BACHELLIER P., WEBER JC., AUDET M., DOFFOEL M.,
WOLF P. Small hepatocellular carcinoma in Child A cirrhotic patients :
hepatic resection versus transplantation. Liver Transpl., 2003, 9 : 513-20.

91. IWATSUKI S., STARZL T.E., SHEAHAN D.G., YOKOYAMA I.,
DEMETRIS A.J., TODO S., TZAKIS A.G., VAN THIEL D.H., CARR B.,
SELBY R. et al. Hepatic resection versus transplantation for hepatocellular
carcinoma. Ann. Surg., 1991, 214 : 221-229.

92. MAJNO P.E., SARASIN F.P., MENTHA G., HADENGUE A. Primary
liver resection and salvage transplantation or primary liver transplantation
in patients with single, small hepatocellular carcinoma and preserved liver
function : an outcome-oriented decision analysis. Hepatology, 2000, 31 :
899-906.

93. JONAS S., STEINMULLER T., SETTMACHER U., LANGREHR J.,
MULLER A., NEUHAUS P. Liver transplantation for recurrent hepatocel-
lular carcinoma in Europe. J. Hepatobiliary Pancreat. Surg., 2001, 8 : 422-
6.

94. LLOVET J.M., BRUIX J. Systematic review of randomized trials for unre-
sectable hepatocellular carcinoma : Chemoembolization improves survival.
Hepatology, 2003, 37 : 429-42.

95. KOUROUMALIS E., SKORDILIS P., THERMOS K., VASILAKI A.,
MOSCHANDREA J., MANOUSOS O.N. Treatment of hepatocellular car-
cinoma with octreotide : a randomised controlled study. Gut, 1998, 42 :
442-7.

96. YUEN M.F., POON R.T., LAI C.L., FAN S.T., LO C.M., WONG K.W.,
WONG W.M., WONG B.C. A randomized placebo-controlled study of
long-acting octreotide for the treatment of advanced hepatocellular carci-
noma. Hepatology, 2002, 36 : 687-91. Erratum in : Hepatology, 2003, 37 :
489.

97. LEUNG T.W., PATT Y.Z., LAU WY., HO S.K., YU S.C., CHAN A.T.,
MOK T.S., YEO W., LIEW C.T., LEUNG N.W., TANG A.M.,
JOHNSON P.J. Complete pathological remission is possible with systemic
combination chemotherapy for inoperable hepatocellular carcinoma. Clin.
Cancer Res., 1999, 5 : 1676-81.

98. FINKELSTEIN S.D., MARSH W., DEMETRIS A.J., SWALSKY P.A.,
SASATOMI E., BONHAM A., SUBOTIN M., DVORCHIK I.
Microdissection-based allelotyping discriminates de novo tumor from intra-
hepatic spread in hepatocellular carcinoma. Hepatology, 2003, 37: 871-
9.

99. WAGURI N., SUDA T., NOMOTO M., KAWAI H., MITA Y.,
KUROIWA T., IGARASHI M., KOBAYASHI M., FUKUHARA Y.,
AOYAGI Y. Sensitive and specific detection of circulating cancer cells in
patients with hepatocellular carcinoma, detection of human telomerase
reverse transcriptase messenger RNA after immunomagnetic separation.
Clin. Cancer Res., 2003, 9: 3004-11.

100. Terrier hepatocytic media.

Acta Gastro-Enterologica Belgica, Vol. LXVII, April-June 2004


