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Abstract: More than one and half of current cases of hepatocellular carcinoma in the US, 

Europe, and Japan are attributable to hepatitis C virus (HCV) infection. HCV is also the primary 

cause of death in patients with HCV-related cirrhosis, with annual incidences of 0.5%–5% in 

Europe and 4%–10% in Asia. Screening is based on serum alpha-fetoprotein determination and 

liver ultrasound scan, but the sensitivity of the former is far less than optimal, and screening 

intervals are still poorly defined for the latter. Risk factors related to the host or environment, 

or both, appear to be more relevant than viral factors, such as HCV genotype, in determining 

disease progression to cirrhosis and cancer, and include age, male gender, severity of liver 

 disease at presentation, coinfection with hepatitis B virus or human immunodeficiency virus, 

and alcohol abuse. Early liver transplantation in selected cases can be curative, but most patients 

are not eligible for liver grafting and are treated with locoregional ablative therapies, after which 

recurrence is common. Recently, orally available inhibitors of the vascular endothelial growth 

factor receptor have shown a significant, albeit modest, increment of survival in patients with 

advanced hepatocellular carcinoma, thus paving the way for modern molecular approaches to 

treatment of this highly malignant tumor.

Keywords: hepatocellular carcinoma, hepatitis C virus

Introduction
Development of hepatocellular carcinoma usually occurs after two or more decades 

of hepatitis C virus (HCV) infection, and the increased risk is largely restricted to 

patients with cirrhosis or advanced fibrosis1 (see Figure 1). The rate of development of 

hepatocellular carcinoma in HCV-related cirrhosis ranges between 3 and 7.1 per year 

in Europe and Japan, respectively, with hepatitis B virus (HBV) coinfection and alco-

hol intake being significant cofactors and increasing the incidence by approximately 

2–4-fold.2 Surveillance programs in well selected cirrhotic patients may allow the 

recognition of liver tumors at early stages, when potentially curative therapies able 

to increase life expectancy are feasible.3 In fact, it has been clearly shown that when 

hepatocellular carcinoma is diagnosed by screening procedures, patients may have 

better survival than those with symptomatic disease at presentation,2 despite no reliable 

data to support a clear effect in reducing cancer-related deaths.4 It has been estimated 

that surveillance in cirrhotic patients is cost-effective in that it increases survival for 

at least 3 months, with a cost per year of life saved below $50,000.5 Such a scenario 

is achieved in cirrhosis of any etiology when the risk of hepatocellular carcinoma 

is 1.5% per year or greater, according to the American Association for the Study of 

the Liver guidelines.6 Whether patients with Stage 3 fibrosis should also be offered 
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screening is not clear, because the risk of hepatocellular car-

cinoma in these patients is much lower and may not exceed 

the 1.5% per year mark.2

Screening for hepatocellular 
carcinoma
Growth rates of subclinical cancer may be very different 

from tumor growth rates in clinically observed cancers. 

It has been well documented that the sensitivity and speci-

ficity of a diagnostic test can change with the cancer stage, 

and thus are likely to be different in preclinical cancers.2 

 Alpha-fetoprotein has been used as both a serological 

marker of hepatocellular carcinoma and in combination with 

ultrasound for hepatocellular carcinoma screening.2 Several 

reports have also shown an elevated alpha- fetoprotein level 

to be a risk factor for the development of hepatocellular 

carcinoma in patients with HCV infection.6,7 In a recent 

study8 among patients infected with HCV, including not 

only those with cirrhosis but also those with chronic hepa-

titis, alpha-fetoprotein levels were found to be an indepen-

dently associated risk factor for hepatocellular carcinoma, 

regardless of fibrosis stage. Of particular note, not only 

patients with high alpha-fetoprotein levels ($20 ng/mL) 

but also those with even slightly elevated alpha-fetoprotein 

levels (6–20 ng/mL) had an increased risk of developing 

hepatocellular carcinoma. In contrast, alpha-fetoprotein 

levels ,6 ng/mL indicate a low risk of development of 

hepatocellular carcinoma, irrespective of liver fibrosis 

stage. However, it should be noted that alpha-fetoprotein 

levels are associated with advanced stages of fibrosis in 

patients with HCV infection without evidence of hepato-

cellular carcinoma.9,10 Receiver operating curve analysis 

of alpha-fetoprotein used as a diagnostic test suggests 

that a value of $20 ng/mL provides the optimal balance 

between sensitivity and  specificity.11 However, using this 

cutoff level, sensitivity is only 60%. It is clear that more 

hepatocellular carcinomas would be identified by reducing 

the cutoff value, but at the cost of a progressive increase in 

the false-positive rate.2 Therefore, alpha-fetoprotein is an 

inadequate screening test for detection of hepatocellular 

carcinoma12 and, consequently, its use for this purpose has 

been discontinued.6,13 However, it can be used to identify 

high-risk patients at the initial evaluation, and its use for 

periodic assessment during follow-up is appropriate in 

everyday clinical practice.

Liver ultrasound is the most widely used technique for 

hepatocellular carcinoma screening. It has been reported 

to have a sensitivity of 65%–80% and a specificity greater 

than 90% when used as a screening test.2,14 The major draw-

backs of this approach are that it is highly dependent upon 

operator skill and is difficult to perform in obese subjects. 

Combined use of alpha-fetoprotein and ultrasound increases 

detection rates, but also has increased financial costs and 

false-positive rates.2,15 The guiding principle should be that 

the best locally available screening test should be chosen 

and used regularly.

The evidence showing that optimal screening intervals 

should be determined by tumor growth rate and not by degree 

of risk implies that screening intervals need not be reduced 

for those patients who have a higher risk of hepatocellu-

lar carcinoma. Survival appears to be similar for patients 

screened at six-monthly or 12-monthly intervals,16 and the 

likelihood of detecting hepatocellular carcinoma as a single 

nodule (as opposed to a multinodular tumor) has been shown 

to be similar when using six-month and 12-month screening 

intervals.17

Natural history and clinical 
presentation
The features of hepatocellular carcinoma may differ accord-

ing to the presence or absence of underlying cirrhosis. 

The mean age is usually older, and male prevalence is more 

pronounced than in those without cirrhosis in hepatocellu-

lar carcinoma patients in most studies.18,19 Abdominal pain 

or discomfort localized to the right upper quadrant is the 

most common presenting symptom in noncirrhotic patients, 

whereas, in individuals with cirrhosis, the majority of cancers 

are asymptomatic and diagnosed incidentally by ultrasound 

examination.20 Liver function tests (albumin, bilirubin) are 

more commonly and more markedly altered in cirrhotic 

patients with hepatocellular carcinoma.20

The natural history of compensated cirrhosis caused 

by chronic HCV was assessed in a subgroup of 136 of 

384 untreated patients followed for a mean of 6.8 years in 
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a  collaborative European study.21 In this cohort of Caucasian 

patients, the five-year cumulative risk for hepatocellular 

carcinoma was 10%, and the mean interval between time 

of diagnosis of cirrhosis and occurrence of hepatocellular 

carcinoma was five years. Median age at diagnosis of hepa-

tocellular carcinoma was 63 years.22 Approximately half of 

the patients who developed hepatocellular carcinoma did 

not experience hepatic decompensation before or at the time 

of diagnosis of liver cancer, indicating that hepatocellular 

carcinoma arising in the clinical setting of compensated 

 cirrhosis is generally clinically silent.22

Incidence of hepatocellular 
carcinoma in HCV patients
Hepatocellular carcinoma affects approximately half a 

 million persons each year worldwide, making it the fifth 

most common malignancy in men and the ninth most 

common in women,2,23 and it is the leading cause of death 

in people with cirrhosis.4 Hepatocellular carcinoma is a 

well recognized complication of cirrhosis, regardless of 

 etiology, although the risk of malignancy differs according 

to the underlying cause of liver damage.24 The highest inci-

dence of hepatocellular carcinoma is seen in China (about 

100 per 100,000  population), where the major component 

of the attributable risk is related to chronic HBV infection 

(range 40%–90%).2

The incidence of hepatocellular carcinoma and its abso-

lute mortality is increasing in Europe and the US  (generally 

considered to be low-incidence regions, ie, 2.6 to 9.8 

per 100,000 population), and is currently the leading cause 

of death in patients with cirrhosis.2,25

A study from the Department of Veterans Affairs found a 

three-fold increase in HCV-related hepatocellular carcinoma, 

whereas the rate of hepatocellular carcinoma associated with 

HBV or alcohol-induced liver disease and idiopathic cir-

rhosis remained stable.2,26 The cause of this increase remains 

uncertain, but a possible explanation is that the medical 

management of nonhepatocellular carcinoma-related com-

plications of cirrhosis, such as prevention and treatment of 

variceal bleeding and management of ascites, has improved, 

leading to longer survival of patients with cirrhosis, who in 

turn are at greater risk over time of developing hepatocellular 

carcinoma.25 To a limited extent, these trends may be related 

to improvements in the screening and/or diagnosis of hepato-

cellular carcinoma,23 such as serial serum alpha-fetoprotein 

measurements, ultrasound, and computed tomography.

The incidence of hepatocellular carcinoma is age-related, 

but the age distribution varies in different local regions 

of the world. The pattern suggests that, with urbanization, 

the median age of onset is shifted to older age groups (expo-

sure occurring at younger ages in high incidence countries).2 

Because the epidemiology of chronic HCV indicates that, 

in many countries, peak infection rates occurred prior to 1980, 

it is likely that the trend towards an increasing incidence of 

hepatocellular carcinoma will continue. In addition, in many 

countries, emigration from areas of high hepatitis prevalence 

will also result in an increase in hepatocellular carcinoma 

related to both HBV and HCV.2 In Japanese studies, the sum-

mary hepatocellular carcinoma incidence rate is 1.8 per 100 

person-years in subjects with chronic HCV without cirrhosis 

at diagnosis, and 7.1 in those with compensated cirrhosis, 

establishing a four-fold higher risk of hepatocellular carci-

noma in persons with cirrhosis than for those with chronic 

hepatitis.27,28 In Europe and the US, the overall hepatocellular 

carcinoma incidence rate in patients with HCV-related cirrho-

sis is 3.7 per 100 person-years,22,29 whereas no estimate can 

be calculated for persons with chronic HCV without cirrhosis 

because of the lack of hepatocellular carcinoma cases in the 

only study performed.30 The five-year cumulative risk for 

hepatocellular carcinoma in patients with cirrhosis is 17% in 

Europe and the US, and 30% in Japan.

Once HCV-related cirrhosis is established, the annual rate 

of hepatocellular carcinoma is 1%–4% (higher than those 

reported for HBV and alcoholic cirrhosis).31,32 In Asia, the 

annual incidence of hepatocellular carcinoma in  HCV-related 

cirrhosis is reported to be 4%–10%, whereas in European 

studies the reported annual incidence is 0.5%–5% in 

 comparable subjects.33

Reports of hepatocellular carcinoma occurring in subjects 

with bridging fibrosis without definite cirrhosis also exist, 

and, among patients with hepatocellular carcinoma but with-

out cirrhosis, HCV infection accounts for 3%–54% of cases. 

These data are in agreement with previous findings showing 

persistence and replication of HCV genomes in cancerous and 

noncancerous liver tissue of case series without cirrhosis but 

with some degree of fibrosis and inflammation,34 indicating 

that the mere existence of chronic liver disease is a potential 

risk for the development of hepatocellular carcinoma.25

Chronic necroinflammation and generation of reactive 

oxygen species can induce chromosomal mutations and 

eventually trigger malignant transformation. Another pos-

sible explanation for hepatocellular carcinoma developing 

in association with chronic liver disease is underestimation 

of the degree of fibrosis/cirrhosis on liver biopsy result-

ing from sampling error.33 This report raises the question 

of whether such patients should undergo hepatocellular 
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 carcinoma  surveillance, as is recommended for persons with 

established cirrhosis.

Risk factors for hepatocellular 
carcinoma
It should be taken into account that cirrhosis and hepatocel-

lular carcinoma share the same risk factors, and therefore 

the identification of predictors independently associated 

with the development of the tumor is particularly hard.35 

In HCV-infected patients, factors related to the host or envi-

ronment, or both, appear to be more relevant than viral factors 

in determining the progression of HCV infection to cirrhosis 

(Table 1). These factors include older age, older age at time of 

HCV infection, male gender, heavy alcohol intake (more than 

50 g/day), HBV–HCV or HCV–human  immunodeficiency 

virus (HIV) coinfection, and  transfusion-related mode of 

HCV acquisition.23

Host-related factors
Independent factors associated with progression to hepato-

cellular carcinoma are older age at diagnosis (.55 years, 

2–4-fold increased risk) and male gender (2–3-fold 

increased risk). Men are at higher risk for hepatocellular 

carcinoma than women, and there is, as yet, no satisfac-

tory explanation for this phenomenon.2 Mild elevations in 

serum bilirubin level and decreased platelet count are also 

associated with occurrence of hepatocellular carcinoma.22,31 

Patients in the EUROHEP cohort could be stratified into 

four categories according to five-year risk of hepatocellular 

carcinoma; the risk was relatively low (3%) for a 50-year-old 

man having cirrhosis with normal serum levels of bilirubin 

and platelet counts, but increased to 25% for a 60-year-old 

man having cirrhosis with mild elevation in serum bilirubin 

levels (17–51 µmol/L [1.0–3.0 mg/dL]) and a low platelet 

count (100–130 × 109/L [100,000–130,000/mm3]).36

It has been suggested that the incidence of hepatocellular 

carcinoma in association with HCV cirrhosis increases only 

when the platelet count is less than 100 × 109/L, but this needs 

to be substantiated.2 Various additional factors for hepatocel-

lular carcinoma occurring in all liver disease associated with 

cirrhosis include a persistently elevated alpha-fetoprotein 

level, changes on biopsy, such as large cell dysplasia, and 

an increased labeling index for proliferating cell nuclear anti-

gen or silver staining of the nucleolar organizing region.2

A population-based study (in individuals 65 years and 

older) examining the association between diabetes and hepato-

cellular carcinoma in the US was performed in 2005,37 show-

ing diabetes to be an independent risk factor for hepatocellular 

carcinoma, regardless of the presence of HCV, HBV, genetic 

hemochromatosis, alcoholic liver disease, or nonspecific cir-

rhosis (2–3-fold increase in risk of hepatocellular carcinoma). 

In this study, the statistical evidence of a significant interaction 

was found only between diabetes and HCV. Similar data were 

obtained from Danish and Swedish patients with diabetes 

alone, as well as in the presence of hepatitis, cirrhosis, alcohol-

related conditions, and other liver disorders.38,39 Diabetes, as 

part of insulin resistance syndrome, has been implicated as a 

risk factor for nonalcoholic fatty liver disease, including its 

most severe form, ie, nonalcoholic steatohepatitis, which has 

been identified as a cause of both cryptogenic cirrhosis and 

hepatocellular carcinoma. One study found that patients with 

a longer duration since the onset of diabetes had a greater 

risk of developing hepatocellular carcinoma compared with 

patients more recently diagnosed with diabetes.40

Both alcohol and HCV cooperate to increase the risk 

for hepatocellular carcinoma by more actively promoting 

 cirrhosis. Among alcohol drinkers, the risk of hepatocellular 

carcinoma increased in a linear fashion with a daily intake 

greater than 60 g/day, and the presence of HCV had a posi-

tive synergistic action, with an additional two-fold increase 

in the risk over that caused by alcohol alone.41 It is less cer-

tain whether alcohol consumption may further increase the 

risk for hepatocellular carcinoma in HCV-related  cirrhosis. 

A systematic review of epidemiological studies has reported 

that the pattern of hepatocellular carcinoma risk due to 

Table 1 Factors affecting progression to hepatocellular carcinoma 
in hepatitis C-related compensated cirrhosis

Host-related
Age at diagnosis Relevant
Age at infection Relevant
Male gender Relevant
Severity of liver disease 
at presentation

Relevant

Comorbidity
Porphyria cutanea tarda important (Southern Europe and the US)
iron overload Controversial
Liver steatosis Growing evidence
Diabetes mellitus Growing evidence
Virus-related
viral genotype Controversial
viral burden Insufficient evidence
Overt HBv coinfection Relevant
Occult HBv infection Growing evidence
Hiv coinfection Growing evidence
External
Alcohol intake Relevant
Smoking Controversial

Abbreviations: HBv, hepatitis B virus; HCv, hepatitis C virus; Hiv, human 
immunodeficiency virus.
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 alcohol intake shows a continuous dose-effect curve without 

a definite threshold, although for HCV infected subjects a sig-

nificant increase in hepatocellular carcinoma risk was shown 

at a level of 40 g/day, suggesting that even a low alcohol 

intake cannot be regarded as safe in this population.42 Thus, 

the dose-effect instead of an all-or-none relationship between 

alcohol intake and hepatocellular carcinoma risk should be 

explored in prognostic studies of HCV-related  cirrhosis.4 

Finally, genome-wide gene expression arrays have been used 

by several groups to identify different molecular subclasses 

of human hepatocellular carcinoma tissue  samples.43 A recent 

study from Hoshida et al has shown that a reproducible 

gene expression signature, present in liver tissue adjacent 

to formalin-fixed and paraffin-embedded hepatocellular 

carcinoma tissue, was correlated with survival.44 In a dif-

ferent study, they also reported a significant role of mTOR 

signaling activation in human hepatocellular carcinoma, as 

well as the antitumoral effect of a dual-level blockade of 

the mTOR pathway, ie, mTOR blockade decreased tumor 

growth and extended survival in experimental hepatocellular 

carcinoma xenograft models.

viral-related factors
A recent meta-analysis35 performed on 32 studies of patients 

with liver cirrhosis strongly suggests that HCV genotype 

1b is associated with the risk of developing hepatocellular 

carcinoma (almost double the risk of developing hepatocel-

lular carcinoma than those infected with other genotypes), 

with a positive relative risk (95% confidence interval [CI]) 

of 1.60 (1.07–2.39). The risk is higher in the early stages of 

liver disease when compared with patients affected by liver 

cirrhosis. Several authors have suggested that this associa-

tion could be due to a role of HCV genotype 1b in the early 

stage of liver disease progression prior to the establishment 

of liver cirrhosis,45,46 with genotype 1b playing a major role 

in carcinogenesis and the development of hepatocellular 

carcinoma through its association with chronic inflamma-

tion, liver cell necrosis, regeneration, and extensive  fibrosis. 

Recent findings47 suggest that specific conformational fea-

tures of the secondary structure of the N-terminus of the NS3 

protein, characteristics of certain strains of HCV type 1b, are 

associated with an increased risk of hepatocellular carcinoma, 

thus providing a plausible pathogenetic basis in support of 

the data obtained from this meta-analysis.

Clinical differences among HCV genotypes and spe-

cific host/virus interactions depending on the infecting 

genotype also exist, as suggested by the association of 

genotype 2 with mild liver disease48 and better responses to 

 antiviral treatment.49,50 There are conflicting data as to whether 

 genotype 1 is a risk factor for cirrhosis or hepatocellular car-

cinoma independent of older age,51 and it has been suggested 

that the higher prevalence of these genotypes reported in some 

studies represents a cohort effect in which older persons (those 

at greater risk for cirrhosis and hepatocellular carcinoma) 

were infected at a time when genotype 1 was most prevalent.52 

A subsequent update of the original study, with a median 

follow-up of 17 years,53 and a meta-analysis35 are consistent 

with genotype 1 being an independent risk factor for tumor 

development. However, there is agreement that neither viral 

load nor viral quasispecies play a role in this setting.22

Dual infection with HBV and HCV in cirrhotic patients 

has been linked with an increased risk of hepatocellular 

carcinoma. A meta-analysis of case-control studies found a 

synergism between the two viruses with regard to carcino-

genesis, the risk being more additive than multiplicative.54 

In cohort studies among Italian and Chinese patients with 

cirrhosis, those with HBV/HCV coinfection had a  2–6-fold 

higher risk of developing hepatocellular carcinoma compared 

with those with monoinfection.55,56 Occult HBV infection, 

ie, absence of hepatitis B surface antigen, but presence of 

HBV-DNA in serum and/or in liver tissue, can be identified 

in up to 50% of anti-HCV-positive patients who develop 

hepatocellular carcinoma.57 Clear evidence that occult 

HBV is a risk factor for hepatocellular carcinoma in hepa-

titis B surface antigen-negative patients derives from the 

study by Pollicino et al,58 showing a higher prevalence of 

both integrated and free-HBV DNA, associated with low 

levels of transcription and  replication, in liver specimens 

of  anti-HCV-negative hepatocellular carcinoma patients 

compared with  anti-HCV-negative subjects with cirrhosis or 

chronic hepatitis. Hepatocellular carcinoma seems to occur 

at a younger age and after a shorter period of HCV infec-

tion in subjects coinfected with HIV compared with patients 

with HCV-related hepatocellular carcinoma but without HIV 

infection.59

Modality of HCV acquisition seems to be an independent 

predictor of the incidence of cirrhosis and hepatocellular 

carcinoma in HCV-infected cohorts,23 the highest pooled 

incidence rates for cirrhosis and hepatocellular carcinoma 

being found in studies involving recipients of blood or 

blood products who acquired transfusion-associated HCV 

(14 and 1 per 1000 person-years, respectively), and in  studies 

of persons with hemophilia,23 whereas studies involving 

community-acquired HCV that included users of  injectable 

drugs had an intermediate weighted pooled incidence 

(5 and 0 per 1000 person-years, respectively), for cirrhosis 
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and  hepatocellular carcinoma. These findings suggest that the 

size of the inoculum may play a role in this setting.

Conclusion
The rapid increase in rates of hepatocellular carcinoma in the 

developed world parallels that of the prevalence of chronic 

HCV infection in the 1960s and 1970s, 23,40 and is consistent 

with the natural history of HCV infection. Once cirrhosis is 

established, hepatocellular carcinoma develops at a yearly 

rate of 1%–4%.21 Thus, the incubation period between the 

onset of HCV infection and the appearance of hepatocel-

lular carcinoma is approximately 2–4 decades. At present, 

cross-sectional surveys indicate that more than one half of 

current cases of hepatocellular carcinoma in the US, Europe, 

and Japan are attributable to HCV infection, and that most 

patients have cirrhosis.60–62

A main problem is that the increase in incidence of 

hepatocellular carcinoma in the developed world has not 

been matched by improvement in patient survival. Drugs 

specifically targeting molecules or genes involved in liver 

carcinogenesis are being designed, and protein kinase 

inhibitors represent the largest family of compounds in liver 

 oncology, followed by monoclonal antibodies. In a recent 

paper by Llovet et al, sorafenib, an oral multikinase inhibitor 

of the vascular endothelial growth factor receptor, prolonged 

median survival by nearly three months and time to radio-

logic progression in patients with advanced hepatocellular 

carcinoma.63 In spite of the small gain in patient survival, 

this drug is now considered the standard of care for advanced 

hepatocellular carcinoma.43

These results represent a milestone in the treatment of 

hepatocellular carcinoma and have stimulated the search 

for similar compounds targeting other molecular alterations 

(largely displayed by this tumor), in particular, combination 

therapies are postulated to be a promising approach through 

synergistic antitumoral effects.43 The combination of novel 

epigenetic drugs or antimicroRNA compounds with small 

molecules like sorafenib could be a promising new approach 

in treating this complex tumor. The microRNAs are small 

RNA molecules with an increasing role in cancer therapy 

because they can act as oncogenes or tumor suppressor genes, 

while epigenetic drugs consist of demethylating agents and 

histone deacetylase inhibitors, and both are able to re-express 

epigenetically silenced genes (see Table 2 for a survey 

of molecular therapies in clinical trials for  hepatocellular 

carcinoma).

Hepatocellular carcinoma remains a highly malignant 

tumor, with average survival rates after clinical onset of 

less than one year.64 The problems with treatment of hepa-

tocellular carcinoma are many, but the major difficulty is 

that most patients with hepatocellular carcinoma present 

when the disease is at an advanced stage, by which time 

the tumor is no longer amenable to resection or ablation. 

Clearly, the most practical approach to better management 

of hepatocellular carcinoma is prevention and, barring that, 

early detection combined with local resection or ablation. 

Yet even with regular surveillance and early detection fol-

lowed by resection or ablation, recurrence is common.65 For 

these reasons, liver transplantation has been increasingly 

used as an approach to management and potential cure of 

Table 2 Molecular therapies in clinical trials for hepatocellular carcinoma

Function Target Compound Other agents Class Phase

Growth factors EGFR Gefitinib Erlotinib Small molecule ii 
iii

RAF Sorafenib vEGFR, 
c-KiT

Small molecule FDA approved

MAP3K1 AZD6244 Small molecule ii
Proteosome Bortezomib Small molecule ii
Her2/neu Lepatinib EGFR Small molecule ii
iGFR iMC-A12 Monoclonal antibody ii
mTOR Everolimus Small molecule i/ii

Angiogenesis vEGFR Bevacizumab 
Sunitinib

PDGF, 
c-KiT

Monoclonal antibody 
Small molecule

iii 
iii

PDGFR imatinib c-KiT Small molecule ii
Apoptosis TRAiL L1 Mapatumumab Monoclonal antibody i/ii

BCL-2 Oblimersen ASO ii
Cell cycle CDK Flavopiridol Small molecule ii
Histone acetylation HDAC LBH589 Small molecule i

Abbreviations: ASO, antisense oligodeoxyribonucleotide; BCL, B cell CLL lymphoma; CDK, cycline dependent kinases; HDAC, histone deacetylase; MAP3 K1, mitogen-
activated proteine kinase; PDGF, platelet-derived growth factor; RAF, v-raf-1 murine leukemia viral oncogene homolog; TRAiL, TNF-related apoptosis-inducing ligand; 
vEGF, vascular endothelial growth factor; EGF, epidermal growth factor; iGF, insulin-like growth factor.
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hepatocellular carcinoma.66 Unfortunately, there continues 

to be a shortage of livers for transplantation, and allocation 

of more organs to patients with hepatocellular carcinoma 

may overwhelm the distribution system.

All of these factors speak of a need for action to promote 

research that might reverse these trends. The three most 

appropriate means to accomplish this are prevention, early 

detection, and the development of novel therapies. Also 

important for any approach to decreasing the burden of 

hepatocellular carcinoma is to attain more information on 

the frequency of this cancer and its clinical presentations, 

risk factors, and underlying causes.65

Hepatocellular carcinoma is almost unique among can-

cers because the underlying cause can usually be identified 

for individual patients, in contrast with most other major 

cancers, for which risk factors can be identified only at a 

population level.

Finally, a meaningful result in the prevention of hepato-

cellular carcinoma will be achieved by the treatment of the 

underlying liver disease, such as antiviral therapies for both 

HBV and HCV, the efficacy of which has been reported to 

be enhanced. The usefulness of studies assessing “-omics” 

methods to tissue, serum, and DNA samples, focusing on 

the pathogenesis of malignant transformation during the 

course of chronic liver disease, developing biomarkers for 

early-stage hepatocellular carcinoma, defining biological risk 

factors for hepatocellular carcinoma, and identifying poten-

tial targets for molecular-based therapy for hepatocellular 

carcinoma63 represent major challenges for the future.
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