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atural History of Hepatocellular
arcinoma and Current Treatment Options

ean-Luc Raoul, MD, PhD

Hepatocellular carcinoma (HCC) is the most frequent primary liver cancer and the most
severe complication of chronic liver disease. The annual number of new cases worldwide
is approximately 550,000, representing more than 5% of human cancers and is the third
leading cause of cancer-related deaths. The stages of the malignancy as well as the
severity of the underlying liver disease are essential factors in planning the therapeutic
approach. Curative treatment options are represented mainly by surgery (ie, resection or
transplantation), but most patients are not candidates for a curative option, and only
palliative treatment could be given to these patients. Among palliative treatments, only
chemoembolization has been proven to be effective, but other options are currently being
investigated. Major risk factors for HCC are well known and are dependent on the
geographic area. In Europe, the United States, and Japan, the main risk factors are liver
cirrhosis, hepatitis B and C virus, alcohol, and tobacco; in contrast, in Africa and Asia,
these factors are hepatitis B and C virus, tobacco use, and aflatoxin exposure. Cirrhosis
from any cause is a predisposing factor for HCC and could be considered as a premalignant
condition. The present concept of carcinogenesis in HCC is a multistage process. This
article describes the natural history of HCC and discusses the various treatment options
available at present.
Semin Nucl Med 38:S13-S18 © 2008 Elsevier Inc. All rights reserved.
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epatocellular carcinoma (HCC) is the most frequent pri-
mary liver cancer1 and the most severe complication of

hronic liver disease. The annual number of new cases world-
ide is approximately 550,000, representing more than 5%
f human cancers and is the third leading cause of cancer-
elated deaths. There are large geographical differences in
ncidence, with high-incidence areas in Eastern Asia and Af-
ica and low-incidence areas in Western countries. The inci-
ence is, however, increasing in low-incidence countries and
ven in some high-incidence countries because of the grow-
ng incidence of hepatitis (B and C) and of obesity-related
iver disease. Surveillance for HCC in patients with risk fac-
ors remains controversial but could be recommended to
dentify patients with small HCCs who can benefit from cur-
tive treatments. The stage of the malignancy as well as the
everity of the underlying liver disease is essential factors in
lanning the therapeutic approach. Although several prog-
ostic classifications have recently been validated and will
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elp physicians select the best therapeutic options, the over-
ll survival remains poor, with a median survival of less than
months in most reported series. Curative treatment options

re represented mainly by surgery (resection or transplanta-
ion), but most patients are not candidates for a curative
ption, and only palliative treatment could be given to these
atients. Among palliative treatments, only chemoemboliza-
ion has been proven to be effective, but other options are
urrently being investigated.

ncidence
CC is one of the most common cancers in men and its

ncidence varies widely internationally. More than 80% of the
ew cases come from developing countries with high sero-
revalence of hepatitis B or C (HBV and HCV, respectively)
irus infection. The incidence per 100,000 varies2 in men
rom less than 10 in the Unites States, Europe, and Australia
o 30 in Japan, Taiwan, China, and Congo; 40 to 50 in Gam-
ia and Korea; and up to 100 per 100,000 in Mongolia.
omparable variability is also found in women. In the United
tates, age-adjusted incidence rates of HCC increased 2-fold
etween 1985 and 1998.3 The same trends have been de-

cribed in France and in the UK. This could be related to the
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S14 J.-L. Raoul
mproved survival of cirrhotic patients, and in an Italian
tudy, for example, HCC was the main reason for death in
irrhotic patients.4 In addition, the increased incidence of
CC in developed countries is caused in part by the increase
f hepatitis C virus infection and of obesity and diabetes.2

isk Factors
ajor risk factors for HCC are well known and are dependent

n the geographic area. In Europe, the United States, and
apan, the main risk factors are liver cirrhosis, hepatitis B and

virus, alcohol, and tobacco; in contrast, in Africa and Asia,
hese factors are HBV and HCV, tobacco use, and aflatoxin
xposure.

iral Hepatitis
hronic infection by the hepatitis B virus is the most impor-

ant risk factor for HCC in humans and the principal etiologic
actor in high-risk areas like Asia and Africa. Overall, 80% of
ases of HCC are related to infection with hepatitis B or C
irus. Worldwide, 380 million people have HBV infection.
n developed countries most HBV infections are acquired in
dulthood though sexual contact, intravenous drug use, in-
asive medical procedures, or blood transfusions. These fac-
ors explain why, in these populations, this cancer is rare
efore 50 years of age. In contrast, in high-risk countries
other-to-child or child-to-child transmission of HBV is

ommon, and HCC can be observed before a patient is 20
ears of age. Chronic HBV carriers have a 20- to 100-fold
reater risk of developing HCC compared with noncarriers.
mong HBV antigen (HBAg) carriers some associated factors

ncrease the risk of HCC; these include male gender, duration
f infection, age, alcohol abuse, tobacco use, aflatoxin, and
oinfection with another hepatotropic virus (C or D). Other
ajor factors are chronic inflammation (fibrosis and liver cell
roliferation) and integration of HBV DNA into host-cell
NA.5 Prevention of HBV infection by vaccination of new-
orns has been shown to reduce the incidence of HCC among
aiwanese children, with a significant and parallel decrease

n HBAg carrier rate and incidence of HCC. HBV vaccine is
he first vaccine that has been shown to prevent cancer in
en. Antiviral therapies which decrease liver damage could

lso lead to a decrease in incidence of HCC.6

Chronic hepatitis C infection is one of the major causes of
CC in Japan, Europe and the Unites States as well as world-
ide, with 170 million people infected with this virus. Ac-
uisition later in life, usually as the result of exposure to
lood products or intravenous drug abuse, may explain why
CV-associated HCC is diagnosed usually during the fifth
ecade of life. Other factors in such individuals which in-
rease the risk of developing HCC include coinfection with
epatitis B virus, tobacco, genetic iron overload, alcohol
buse, male gender, diabetes, obesity, and age as well as
ctive liver disease, fibrosis or cirrhosis, the usual conse-
uences of longstanding (20- to 30-year) infection. Meta-
nalysis of interferon therapy suggests that this treatment

ould decrease HCC risk, mainly among those experiencing a d
esponse. Unfortunately, vaccination is not available and pre-
ention is based on controlling nosocomial infections and
ransmission by transfusion.

ietary Aflatoxin Exposure
his environmental carcinogen is produced by fungi contam-

nating corn, peanuts, soya sauce, and soya beans acts syner-
istically with HBV infection to amplify HCC risk. This is
esponsible for a specific p53 gene mutation (G to T trans-
ersion at codon 249).

lcohol
lcoholic cirrhosis and alcohol abuse are responsible for 15%
f HCC cases in southern Europe and for 40% in Northern
urope, where HBV and HCV carriers are low.

obacco
any epidemiologic studies have reported an association be-

ween cigarette smoking with liver cancer independent of
BV status or of alcohol abuse.

ron Metabolism
ron overload in the setting of genetic hemochromatosis
HFE mutations C282Y or H63D) is associated with an in-
reased risk of HCC and iron depletion (by phlebotomy) is
ffective in decreasing the risk of cirrhosis and of HCC.

ther Factors
besity and Diabetes
pidemiological studies have shown that obesity7 and diabe-

es are risk factors for HCC and are associated with nonalco-
olic liver steatosis, which is the main cause of cryptogenic
irrhosis and which appears to have a comparable carcino-
enic potential to HCV cirrhosis. Long-term use of oral con-
raceptives could increase the risk but further studies are
eeded to clarify its role.

irrhosis
irrhosis from any cause is a predisposing factor for HCC
nd could be considered as a premalignant condition. Cir-
hosis underlies HCC in more than 80% of cases worldwide,
nd in cases of HCC developing in a noncirrhotic liver almost
ll have chronic hepatitis. The cirrhosis per se could be the
ajor risk factor for HCC irrespective of its etiology. The

nnual incidence of HCC varies among countries from less
han 1 to more than 6%. The 5-year cumulative incidence of
CC in HCV-related cirrhosis is 30% in Japan, 17% in Eu-

ope and the US, and 15% in Taiwan and Singapore. In
ddition, it is 21% in hereditary hemochromatosis, 8%
n alcoholic cirrhosis in the absence of viral infection and 4%
n primary biliary cirrhosis.8

atural History and Prognosis
he present concept of carcinogenesis in HCC is a multistage
rocess. Macroscopically, there is a continuum among the

ifferent nodules that could originate from a cirrhotic liver.
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History of HCC and current treatment S15
acro-regenerative nodules are common. When they are less
han 5 mm in diameter, they are frequently benign or asso-
iated with a low-grade dysplasia. But these nodules might be
roliferative lesions or preneoplastic foci. In the case of high-
rade dysplastic nodules, usually larger than 5 mm, the risk
f malignant transformation exceeds 33%. Finally, HCC may
rise as unifocal disease usually circumscribed at first by a
brotic capsule (Fig. 1) but frequently as multicentric lesions
esulting from intrahepatic metastases (Fig. 2), usually track-
ng the portal vein or as a result of a multicentric synchronous
ccurrence.
There are 3 components to the staging of HCC: intrahe-

atic staging, extrahepatic staging, and liver function. Intra-
epatic staging requires precise determination of the number
nd size of nodules and of whether vascular invasion is
resent or not. Extrahepatic metastases are infrequent and
nly seen in advanced cases; most common locations are
ymph nodes, lungs, skeleton and adrenal glands. Many stag-
ng systems have been devised but none has received univer-
al acceptance. The Barcelona Clinic Liver Cancer (BCLC)
taging9 is very useful in early disease and links tumor staging
ith treatment strategy. The Cancer of Liver Italian Pro-
ramme (CLIP) score seems to be of interest in more ad-
anced lesions.10 In the BCLC staging prognostic variables
sed are portal invasion, metastases, tumor morphology
size, number), Okuda classification, Child-Pugh classifica-
ion, portal hypertension, serum bilirubin level, and Karnof-
ky Performance Status (KPS). The BCLC staging is based on
atural history of HCC. The very early stage corresponds to
ell-compensated liver function, tumors less than 2 cm and
ery well-differentiated, and the pathological in situ stage (ie,
o structural invasion). However, cancer invasion sometimes
ccurs in HCCs smaller than 2 cm. Early-stage HCC corre-
ponds to patients with a KPS of 0, Okuda’s class 1-2, Child-
ugh’s class A-B and having a single nodule or 2-3 nodules

ess than 3 cm. Intermediate-stage patients have multinodu-
ar tumors and an excellent performance status (0). Ad-
anced stages are reached when patient develop portal inva-

igure 1 Macroscopic image of an encapsulated HCC (courtesy of
r. Bruno Turlin, CHRU Rennes). (Color version of figure is avail-

ble online.)
ion, lymph node involvement, extrahepatic metastases, C
nd/or poor performance status (1-2). Terminal-stage pa-
ients, irrespective of tumor parameters, have a very poor
erformance status (�2) or are class C in Child-Pugh’s clas-
ification or stage 3 in Okuda’s classification. In the Barcelona
xperience, the 1-year survival ranged from 10% to 20% for
erminal-stage patients, a 3-year survival between 20% and
0% in intermediate and advanced stages, and the 5-year
urvival between 50% and 70% in very early and early stages.
n the CLIP classification, the pertinent variables are: tumor
nd liver involvement, high alpha-fetal protein (�400 �g/L),
ortal invasion, Child-Pugh classification (A, B, C). The CLIP
core is then associated with a median survival ranging from
2.5 months for score 0 to 1 month for score 5-6.
The European Association for the Study of the Liver pro-

osed a diagnostic strategy based on the following natural
istory.11 In focal liver nodules smaller than 1 cm (malignant

n less than 50% of cases), close follow-up (every 3 months)
s recommended until the lesion exceeds 1 cm in size. In 1- to
-cm nodules, fine-needle aspiration with biopsy (despite a
alse-negative rate of 40%) is recommended; a negative result
oes not rule out malignancy. In patients with cirrhosis and
odules greater than 2 cm, noninvasive criteria could be ap-
lied: HCC diagnosis is established by the concomitant find-

ng of two imaging techniques (contrast-enhanced computed
omography, magnetic resonance imaging, and angiography)
howing a hypervascularized nodule or by one positive im-
ging result associated with and alpha-fetal protein level
igher than 400 �g/L. In such cases a percutaneous biopsy is
ot mandatory.

urrent Treatment Options
urative treatments are surgery (resection or orthotopic liver

ransplantation) and percutaneous treatments (radiofre-
uency tumor ablation or percutaneous ethanol injections).
alliative treatments are numerous but effectiveness is dem-
nstrated only for chemoembolization and randomized con-
rolled trials are required.

igure 2 Macroscopic image of a HCC associated with multiple met-
static nodules after capsule rupture (courtesy of Dr. Bruno Turlin,

HRU Rennes). (Color version of figure is available online.)
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S16 J.-L. Raoul
urgery
bviously, surgery could be offered only to patients without

xtrahepatic metastases, including lymph node involvement.
epatic resection12 is the best treatment in noncirrhotic pa-

ients who can recover from resection that preserve at least 2
egments of functional liver. In cirrhotic patients surgery
ould be proposed only in case of well-preserved cirrhosis
nd those who could tolerate resection of up to 2 segments. If
resection of more than 2 segments is necessary, a preoper-
tive portal vein embolization to induce hypertrophy of the
emnant liver would be useful. Operative mortality of resec-
ion in cirrhotic patients is currently less than 4% and the
-year overall survival is between 30% and 50%. The main
rognostic factors after resection are presence of cirrhosis,
umor size, vascular invasion, and poorly differentiated HCC.
nfortunately, postoperative recurrences are frequent. Some
djuvant treatments have been tested to decrease the fre-
uency of these recurrences. A small randomized controlled
rial from Hong Kong13 evaluated the postoperative use of a
ingle dose of 131I-lipiodol after curative resection and re-
orted promising results. Liver transplantation could simul-
aneously cure the tumor and the cirrhosis. Due to the severe
hortage of donor livers, organ allocation to transplantation is
ustified only if the expected results are comparable to those
f patients undergoing liver transplantation for benign dis-
ase. The Milan criteria proposed by Mazzafero and cowork-
rs14 are now widely accepted by most transplant centers:
ransplantation can be done in patients with a solitary nodule
f 5 cm or less or patients with no more than 3 nodules less
han 3 cm and no invasion of major blood vessels or lymph
odes. Using these criteria, the 4-year survival is up to 85%.

ercutaneous Treatments
ltrasound-guided percutaneous ethanol injection is tumori-
idal in small tumors, less than 2-3 cm in diameter. This
echnique has many advantages: low cost, simplicity, ease of
erformance, minimal equipment, and good tolerability.
his technique achieves response of more than 90% in small
CC (�2 cm), 60-70% in 3-cm HCC, and less than 60% if

he diameter is up to 5 cm.15 The use of high-volume of
thanol could improve results in patients with larger tumors.
adiofrequency ablation has been demonstrated in some
tudies to be more efficient than ethanol injections. This tech-
ique produces thermal injuries via an alternating electric
urrent. These 2 techniques were compared in 2 randomized
rials. In the first, radiofrequency tumor ablation gave better
ocal control than percutaneous ethanol injection16 in 102
atients. In a more recent randomized study, Lin and co-
orkers17 have compared percutaneous ethanol injection,
igh-dose percutaneous ethanol injection and radiofre-
uency tumor ablation in HCC from 1 to 4 cm in diameter in
57 patients. Radiofrequency was better in terms of complete
ecrosis rate, recurrence rate, disease-free survival and over-
ll survival. Unfortunately, the equipment is expensive but
he complete necrosis could be obtained in less time than

ith percutaneous ethanol injection. The efficacy of radiofre- s
uency tumor ablation in larger tumors is more controver-
ial.

ntra-Arterial Procedures
wide spectrum of transarterial procedures has been pro-

osed for treating HCC. The three major procedures were
ransarterial chemoembolization, transarterial embolization
nd transarterial injection of radioactive Lipiodol. These in-
raarterial treatments rely on the arterial hypervascularization
f the tumors. Thus, obstruction of the arterial blood flow
ill lead to extensive necrosis. Moreover, when Lipiodol, a

ipophilic contrast media, is injected into the hepatic artery of
CC patients, it concentrates in and is retained by the tumor

Figs. 3 and 4). Thus cytotoxic drugs mixed with Lipiodol
chieve higher intratumoral concentration when injected
nto the hepatic artery and are thought to be released pro-
ressively in the lesions. Lipiodol labeled with Iodine-131
as also been used for targeted internal radiotherapy of HCC.

hemoembolization
hemoembolization involves injection of a cytotoxic drug

usually CDDP, mitomycin, or doxorubicin) mixed with li-
iodol followed by embolization using absorbable particles.
any nonrandomized studies have been reported showing

n obvious antitumoral effect with an objective response rate
anging from 20% to 60%, with frequent severe side effects
postembolization syndrome, deterioration of liver function,
iver abscesses, and some cases of massive liver necrosis and
ortal vein thrombosis). Seven randomized studies, includ-

ng more than 500 patients, had compared trans-arterial che-
oembolization with best supportive care. Two18,19 of them

emonstrated a survival advantage for treated patients, with

igure 3 Arterial phase of contrast computed tomography scan,
howing centrally located hepatocellular carcinoma and metallic

tent to relieve biliary compression.
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History of HCC and current treatment S17
eta analysis20 showing a beneficial survival effect of embo-
ization or chemoembolization compared with conservative
reatment. Currently, however, there is not consensus on the
ptimum chemotherapeutic agent or frequency of treatment.
t is now obvious that patient selection is the key point and
hat the best candidates for chemoembolization are patients
ith well-preserved liver function (Child A), asymptomatic
ulti-nodular tumors involving less than 50% of the liver,

nd absence of vascular invasion.

argeted Internal Radiotherapy
argeted internal radiotherapy using radiolabeled lipiodol
as been tested by a number of investigators. Most studies
ave used 131I-labeled lipiodol. The administered activities
anged from 740 to more than 6,000 MBq either in single
r multiple treatments. The objective response rates based
n tumor size ranged from 25% to 40%. In a randomized
ontrolled study involving 142 patients,21 the efficacy of this
reatment was shown to be comparable to chemoemboliza-
ion. In another controlled study,22 including only 27 pa-
ients, this treatment yielded better survival than best sup-
ortive care in patients with portal vein thrombosis (Fig. 5).
recent phase II trial23 combining intraarterial injection of

31I-labeled lipiodol and systemic chemotherapy showed a
olerable toxicity profile and a 47% response rate and thus
arrants a phase III trial.
Despite these promising results, the use of 131I-labeled li-

iodol is limited because this isotope has a physical half-life
f 8 days, emits a high-energy g-ray (364 keV, 82%), and in
ome jurisdictions requires a 7-day or longer hospitalization
or radioprotection purposes. Rhenium-188 (188Re) has fa-
orable characteristics for radionuclide therapy: a higher-

igure 4 Same patient as in Figure 3 after intraarterial injection of
31I-labeled lipiodol, showing concentration of lipiodol within the
umor.
nergy b-emission that could improve response rate particu- (
arly in larger tumors, a 155-keV g ray suitable for gamma
amera imaging, and a relatively short physical life (17
ours), minimizing radioprotection issues. Additionally, the
adionuclide is eluted from a 188W/188Re generator, which is
elatively inexpensive, has a long useful shelf-life, and pro-
ides high-yields of carrier-free 188Re routinely. The first clin-
cal trials reported the use 188Re HDD/lipiodol. In the series
eported by Sundram and coworkers,24 this treatment ap-
eared safe and well tolerated, the most frequent adverse
ffects consisting of mild anorexia, abdominal pain, and fe-
er. Lambert and coworkers25 have reported comparable tol-
rance data in a phase I study of 11 patients, but one patient
xperienced dyspnea and coughing, respiratory adverse
vents that have also been reported with the use of 131I-
abeled lipiodol. Among these 11 patients, 1 showed a partial
esponse and 9 had stable disease; by the conclusion of the
tudy, however, there was clear evidence of progressive dis-
ase in 6 of the patients. Some other intra-arterial procedures
ave been tested, including intra-arterial injections of Yttri-
m-90 microspheres26 and chemotherapy27 but these require
urther study and evaluation.

ther Palliative Therapies
any other strategies have been tested. Estrogen blockade

with tamoxifen) was tested but in at least nine randomized
rials as well as by meta-analysis failed to demonstrate any
urvival benefit. Other hormonal treatments (antiandrogens,
omatostatin) appeared promising initially but failed to dem-
nstrate any therapeutic advantage in subsequent, larger ran-
omized trials any benefit. HCC is widely considered to be
hemotherapy-resistant.28 Systemic chemotherapy, either
ingle-agent or combination therapies, have shown poor re-
ponse rates (usually �20%) and were associated with high

igure 5 Multinodular hepatocellular carcinoma (arrowheads) with
ortal vein thrombosis retaining 131I-labeled lipiodol focally

arrows).
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S18 J.-L. Raoul
oxicity rates. Encouraging results of an initial trial with in-
erferon have not been reproduced by others.

Targeted therapies, particularly drugs targeting the angio-
enic process, are particularly promising and sorafenib, a
ultikinase inhibitor with activity against Raf kinase and

everal receptor tyrosine kinases (VEGFR, PDGFR, c-kit,
LT3 and ret) would be the future gold standard in advanced
umors.

onclusion
n conclusion, HCC is a common cancer with a prognosis
hat remains dismal despite many treatment options. Even
or patients who undergo resection, the cure rate is very low.
or those who are not candidates for surgery or for percuta-
eous procedures, only chemoembolization appears to im-
rove survival. Other treatments need to be tested in large-
cale randomized trials; these include intraarterial injection
f radiolabeled Lipiodol and new systemic drugs (such as
yrosine kinase inhibitors, antivascular endothelial growth
actor antibody, and antiepithelial growth factor receptor).
riorities for the future include29: a HCC clinical research
etwork group; improvement of basic and translational re-
earch, including research to identification of the most ap-
ropriate imaging modality for assessing treatment response;
nd well-designed, large-scale clinical trials; including strat-
fication of patients according to prognostic systems, quality-
f-life assessment, and a placebo-negative control arm.
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