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Abstract
Hepatocellular carcinoma (HCC) is a global health problem, although developing countries are
disproportionally affected: over 80% of HCCs occur in such regions. About three-quarters of
HCCs are attributed to chronic HBV and HCV infections. In areas endemic for HCV and HBV,
viral transmission occurs at an early age, and infected individuals develop HCC in mid-adulthood.
As these are their most productive years of life, HCC accounts for a substantial burden on the
health-care system and drain of productive capacity in the low-income and middle-income
countries most affected by HCV and HBV infections. Environments with disparate resource levels
require different strategies for the optimal management of HCC. In high-resource environments,
guidelines from the American Association for the Study of Liver Diseases or European
Association for the Study of the Liver should be applied. In intermediate-resource or low-resource
environments, the fundamental focus should be on primary prevention of HCC, through universal
HBV vaccination, taking appropriate precautions and antiviral treatments. In intermediate-
resource and low-resource environments, the infrastructure and capacity for abdominal
ultrasonography, percutaneous ethanol injection, radiofrequency ablation and surgical resection
should be established. Programs to provide targeted therapy at low cost, similar to the approach
used for HIV therapy in the developing world, should be pursued.

Introduction
Hepatocellular carcinoma (HCC) is a major cause of morbidity and mortality: HCC is the
seventh most common cancer worldwide, and the third leading cause of cancer-related
deaths.1 Over the past decade advances in population sciences, molecular and cellular
biology and genomics have resulted in major progress in our understanding of the
epidemiologic risk factors and molecular pathways driving liver carcinogenesis. Advances
in treatment, imaging, medical device development, interventional radiology, surgical
techniques and liver transplantation have also resulted in considerable improvements in local
(that is, ablation techniques), locoregional (for example, radioembolization) and surgical
therapy for HCC. These advances have resulted in substantial opportunities for HCC
prevention, surveillance, early diagnosis, prediction of prognosis and therapy.

As with many other diseases, the burden of poor prevention, a lack of surveillance of
individuals at risk of developing HCC, and inadequate (or completely absent) deployment of
advances in imaging, hepatobiliary surgery, targeted therapies, and liver transplantation falls
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disproportionally on regions of the world with intermediate or low medical resources. These
regions, however, are where the majority of individuals at risk or affected by HCC live. This
Review considers HCC from the following perspectives: the global variation in HCC
incidence and etiology; current knowledge about the prevention, screening, diagnosis, and
treatment of this cancer; and global strategies for diagnosis and management of HCC.

Incidence
In 2008, an estimated 748,000 new cases of liver cancer occurred and approximately
696,000 people died of this cancer worldwide,1 an increase from 626,000 new liver cancers
and 598,000 deaths from liver cancer in 2002.2 The numbers of incident cases and liver
cancer deaths are similar because most HCCs are detected at an advanced stage in patients
with underlying liver dysfunction, making this a highly lethal cancer. The incidence of liver
cancer varies around the world (Table 1), and is highest in Mongolia (116.6 cases per
100,000 person-years for men; 74.8 cases per 100,000 person-years for women).1 Over 80%
of HCCs occur in developing countries in sub-Saharan Africa, southeast Asia, and East Asia
(including Mongolia). By contrast, the incidence of HCC is much lower in developed
countries in North America (6.8 cases per 100,000 person-years for men; 2.2 cases per
100,000 person-years for women), Europe (except for southern Europe), Central and South
America, Australia and New Zealand.1 Global variations in incidence rates of this cancer
closely reflect the variation in risk factors for HCC; thus, countries with a high prevalence of
HBV or HCV infections usually have a high incidence of HCC (Figure 1). This finding is
consistent with the fact that about three-quarters of HCCs are attributed to chronic HBV and
HCV infections.

During 1978–1992, the incidence of liver cancer increased in developed countries and
decreased in developing countries.3 For example, in the USA, the incidence of HCC tripled
over the 30 years from 1975 to 2005 (from 1.6 cases to 4.9 cases per 100,000 of the
population).4 The increase in number of patients with chronic hepatitis C who became
infected between 1960 and 1990 in developed countries is believed to drive this trend, which
is expected to peak around 2015–2020 and then gradually decline.5,6 As HCV is the most
common risk factor for HCC in the USA, if HCV-related HCCs decrease, HCCs overall are
expected to decrease as well. In contrast to the decreasing contribution of chronic hepatitis
C, the increasing prevalence of the metabolic syndrome, diabetes mellitus and nonalcoholic
steatohepatitis (NASH) are all expected to continue to contribute to increased rates of HCC
in the USA for the foreseeable future.7 The increased immigration of people from
populations at high risk of HCC into developed countries also contributes to the rising trend
in incidence rates of HCC in the USA and European countries.

The age at which HCC develops in individuals infected with HBV or HCV is closely related
to their age at acquisition of infection and the rate of active viral replication. In West Africa,
HBV infection is generally acquired between the ages of 1 and 5 years, and viral replication
declines rapidly after adolescence. In this region, the incidence of HCC stabilizes after age
45 years, although this observation might not take into account that some individuals
infected with HBV die from other causes before they develop HCC. In East Asia, HBV
infection is acquired before the age of 1 year in the majority of cases, and active HBV
replication continues until an advanced age; therefore, the incidence of HCC continues to
increase with age, without reaching a plateau (Figure 2).8 The difference in the viral
replication rates in West Africa compared with East Asia might be related to differences in
host immunity or to differences in the viral genotypes found in these two regions. As a
consequence of viral infection at an early age, affected individuals (especially in African
countries) develop cancer in their mid-adulthood, during their most productive years of life.
This situation results in a substantial burden on health-care resources, as well as a drain of
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intellectual and productive capacity in the low-income and middle-income countries most
affected by these diseases. Conversely, in countries where hepatitis B is not endemic, HBV
and HCV infections are usually acquired in adulthood. In these countries, HCC rarely
develops before the age of 50 years and the highest age-specific incidence rates are observed
in people over age 75 years.9

The risk of HCC is 2–7 times higher in men than in women, although this ratio varies across
the world.3,10 The explanation for this sex difference might be threefold: firstly, men could
have higher rates of environmental exposure to liver carcinogens (such as smoking or
alcohol) and hepatitis virus infections; secondly, estrogen effects might suppress interleukin
(IL)-6-mediated inflammation in women, reducing both liver injury and compensatory
proliferation; thirdly, testosterone effects could increase androgen receptor signaling in men,
promoting liver cell proliferation.11,12

Risk factors
Hepatitis B

Chronic hepatitis B is the most frequent etiology of HCC in countries with scarce medical
resources (Figure 3).13 In fact, more than half of all HCCs in the world are attributed to
chronic hepatitis B.14 In a population-based cohort study from the 1980s, which involved
22,708 Taiwanese men who were followed up for 8.9 years, the incidence of HCC was 98.4
times higher in HBV carriers than noncarriers.15 A subsequent study conducted in Taiwan
and published in 2010 showed that even inactive HBV carriers (asymptomatic individuals
who have normal liver tests, minimal replication of HBV and undetectable or minimal levels
of virus in their blood) have a fourfold increased risk of HCC compared with healthy
controls.16

The risk and presentation of HCC in hepatitis B carriers seems to depend on ethnicity. White
hepatitis B carriers tend to develop HCC at an advanced age after a period of progressive
liver cirrhosis, whereas Asian and African individuals tend to develop HCC in young
adulthood and middle age and might exhibit fewer signs of cirrhotic liver disease than white
hepatitis B carriers. Genetic variation might underlie the differences between these ethnic
groups. Alternatively, this disparity might be explained by differences in the age at which
HBV infection is acquired in different populations: vertical transmission is the major route
of HBV acquisition in Asia, whereas horizontal transmission in early life is the predominant
route of transmission in Africa. By contrast, in Western countries HBV is mostly transmitted
in adolescence and adulthood through high-risk behaviors, such as intravenous drug use,
sexual exposure or iatrogenic causes including blood transfusion, unsafe needle practices,
invasive procedures, hemodialysis or organ transplantation.

In the past few years, a calculator to predict HCC risk in patients with HBV has been
developed.17,18 Infection with specific HBV genotypes or HBV strains that carry common
mutations (including the basal core promoter mutation and pre-S deletion mutation) increase
the risk of HCC, as do a high HBV load, advanced age, male sex, persistent HBV replication
and a long duration of infection.19–23

The class II cytokine receptor gene cluster on chromosome 21 includes IFNAR2 (which
encodes the type I interferon receptor) and IL10RB (which encodes the receptor for IL-10-
related cytokines, including the interferon λ family).24 This cluster is strongly implicated in
hepatitis B persistence. Protective alleles at this locus occur more frequently in white
European individuals than in West African people. Variations in the HBV genotype might
also partly explain differences in the risk and presentation of HCC between different
populations. HBV genotype C is most commonly found in Asian individuals and is
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associated with the persistent presence in serum of hepatitis B e antigen (HBeAg), a
decreased rate of spontaneous HBeAg clearance, increased rates of reversion to HBeAg
seropositivity after HBeAg clearance, and a raised risk of HCC, independent of HBV DNA
viral load levels.20,25–27

Hepatitis C
Hepatitis C is the leading cause of both chronic liver disease and HCC in most Western
countries, including the USA (Figure 3).28 In a large, population-based study of 12,008
Taiwanese men who were followed up for 9.2 years, individuals who were seropositive for
anti-HCV antibodies had a 20-fold increased risk of HCC compared with seronegative
individuals.29 In contrast to HBV, vertical transmission of HCV is rare, although a high
maternal level of viral RNA is associated with an increased frequency of mother to infant
HCV transmission.30,31 HCV is usually transmitted through direct exposure to blood, such
as intravenous drug use or high-risk sexual behavior involving multiple sexual contacts.32

Iatrogenic transmission of HCV via contaminated needles, syringes and other medical
instruments and procedures is also common.33–35 In a study from Spain published in 2002,
hospital admission (67%) was the most common risk factor preceding the diagnosis of acute
HCV infection (45% were for surgery, 33% were admissions to a medical ward, and 22% of
the admissions were for invasive procedures) followed by intravenous drug use (8%),
accidental needle-stick injury (5%), and sexual contact (6%).36 Since the implementation of
HCV screening programs for donated blood in 1992 in the majority of developed countries
the risk of HCV transmission from a blood transfusion is now less than 0.03% per unit
transfused.37,38 Other potential routes of transmission include intranasal cocaine use,
scarification, cupping, tattooing, and body piercing.35 Concomitant heavy alcohol use,
diabetes mellitus, latent HBV infection, increasing age, belonging to a black ethnic group, a
low platelet count, high levels of alkaline phosphatase, presence of varices and smoking
seem to increase the risk of HCC in patients with HCV.39–43

Comorbidities and environmental factors
Alcoholic liver disease is the second most common risk factor for HCC in the USA, after
hepatitis C.44 Women are more susceptible than men to liver injury from alcohol intake—
women are more likely than men to develop cirrhosis at equivalent alcohol intakes—owing
to sex differences in alcohol metabolism.45 Coexisting viral hepatitis increases the effect of
excessive alcohol intake on the risk of HCC.39,46

NASH is also emerging as a risk factor for HCC in many developed countries.7,47 Obesity, a
major risk factor for NASH, has increased in the USA; contemporary survey data suggest
that one-third of US adults are obese.48,49 Although the increased number of people with
NASH (as a result of increases in the prevalence of both obesity and the metabolic
syndrome) is believed to contribute to the rising incidence of HCC, few population-based
data support this assumption, as the loss of liver steatosis with the development of cirrhosis
makes it difficult to prove a history of NASH at the time of HCC diagnosis.

Aflatoxin B is a mycotoxin that acts synergistically with HBV in the pathogenesis of
HCC.50 Aflatoxin causes DNA mutations, particularly of the TP53 gene, that attenuate the
tumor suppressor function of p53. This mycotoxin frequently contaminates food in regions
with low medical resources, such as sub-Saharan Africa and eastern Asia. Efforts to
eliminate aflatoxin B exposure are ongoing in regions with particularly high exposure to this
mycotoxin, including China and West Africa.51,52
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Prevention
As chronic viral hepatitis and the resultant liver cirrhosis together constitute the most
important cause of HCC, the most effective measure to avert HCC is the prevention of HBV
and HCV infections. The gradual introduction of HBV vaccination began in 1984 and by
2006 universal HBV vaccination (that is, of all newborn babies regardless of maternal
hepatitis B surface antigen status) had been implemented in 164 of 190 WHO member
states. These vaccination programs have resulted in dramatic decreases in the incidence of
HBV infection.53 A study from Taiwan showed that, after adjustment for age and sex, the
relative risk of HCC was 0.31 among children aged 6–19 years in the vaccinated cohort,
compared with similar-aged children in unvaccinated cohorts (Figure 4).54 Universal
vaccination of newborn babies will lead to a substantial reduction in the global incidence of
HCC, especially in regions where HBV has a high incidence.

Unfortunately, no vaccine against HCV is yet available, owing to difficulties related to the
high mutation rate of HCV RNA during viral replication. A key need remains, therefore, for
recognition and prevention of HCV transmission in the health-care setting as well as in other
high-risk practices, such as individuals receiving treatment from unlicensed practitioners.
Infection-control measures, such as screening potential blood donors and recipients for
hepatitis before transfusion; the use of disposable needles and other incidental supplies (for
example, intravenous tubing sets or lancets for checking blood glucose); and thorough
sterilization of surgical instruments should be implemented. These measures should be the
primary focus of HCC prevention, especially in low-resource countries where unsafe
medical practices are not uncommon and resources for treatment of viral hepatitis and HCC
are often inadequate. Encouraging avoidance of high-risk behaviors through public
education and social awareness is an effective measure to prevent HCV-induced HCC.
Avoidance or mitigation of modifiable risk factors for HCC, such as heavy alcohol use,
diabetes mellitus, obesity and smoking, are also important, especially in patients with
chronic viral hepatitis.39,41–43

Antiviral treatment decreases the risk of HCC in patients with viral hepatitis. Lamivudine
treatment reduces the risk of progression from cirrhosis to HCC in patients with chronic
HBV, and this preventive effect has also been seen in patients without liver cirrhosis.55–57 A
sustained virologic response (SVR) to antiviral treatment with interferon and ribavirin for
HCV is associated with a decreased risk of progression to HCC; however, patients who do
not achieve an SVR continue to have a high risk of progression to HCC.58–60 In patients
with HCV-related, compensated cirrhosis, an SVR to antiviral treatment also seems to
decrease the risk of HCC.58,59,61 Maintenance antiviral treatment of patients with HCV and
advanced fibrosis who do not achieve an SVR to therapy, however, does not decrease the
risk of disease progression (including HCC development).28

Surveillance
Surveillance ultrasonography is recommended every 6–12 months for individuals at high
risk of developing HCC (Table 2). The serum tumor marker α-fetoprotein (AFP) is
frequently used in combination with ultrasonography for HCC surveillance in clinical
practice. A randomized, controlled trial in China reported improved overall survival (a
reduction in mortality of 37%) in the group of patients who underwent surveillance with
ultrasonography and measurement of AFP levels every 6 months, compared with the group
of patients assigned to no surveillance.62 Although annual surveillance with both AFP and
ultrasonography is equivalent to surveillance every 6 months in terms of early detection of
HCC and 5-year survival,63 most hepatologists in developed countries recommend that such
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surveillance should be conducted every 6 months, as this finding was the result of a
retrospective study and was, therefore, not considered sufficient to change clinical practice.

Findings of a multicenter study in the US demonstrated that AFP levels had the best area
under the receiver operating characteristic curve, followed by levels of des-γ-
carboxyprothrombin and the percentage of AFP-L3, as a marker for detection of early-stage
HCC. The researchers suggested that an AFP level of 10.9 ng/ml (which had a sensitivity of
66% and specificity of 82%) was optimal for detection of early-stage HCC.64 However,
AFP levels have a low sensitivity in populations with a low pretest probability of HCC (as in
the surveillance setting); moreover, the cut-off value suggested in this study pertained to
diagnosis rather than surveillance.

The combined use of AFP and ultrasonography might considerably increase the medical
costs of HCC surveillance, particularly those resulting from work-up of false-positive
results. Given the low sensitivity of AFP levels, some experts recommend that monitoring of
levels of this marker should not be used for HCC surveillance unless high-quality
ultrasonography is not available.65 However, measurement of AFP levels is inexpensive,
and many hepatologists consider this test of additive value in surveillance for HCC.

Diagnosis and staging
After surveillance ultrasonography reveals suspicious liver lesions in a patient with
cirrhosis, contrast-enhanced CT or MRI is the next diagnostic step. According to the latest
guidelines from the American Association for the Study of Liver Diseases (AASLD), a new
liver lesion of >1 cm in diameter that shows arterial enhancement followed by portal venous
washout on one dynamic imaging modality in a patient with cirrhosis is diagnostic for HCC.
Lesions <1 cm in diameter should be monitored with ultrasonography at intervals of 3–6
months. If the lesion shows no change in size during a 2-year period of such close follow-
up, patients can return to routine surveillance.65

Percutaneous liver biopsy is indicated when lesions >1 cm develop in a patient without
underlying liver cirrhosis or if dynamic imaging modalities show inconclusive results.
However, percutaneous biopsy should be used with caution, particularly in patients who are
eligible for curative treatment (surgical resection or liver transplantation), because of the 2–
3% risk of tumor seeding along the biopsy needle track.66

Multiple staging systems for HCC have been described, including the Barcelona Clinic
Liver Cancer (BCLC),67 Cancer of the Liver Italian Program (CLIP),68 TNM (tumor, node
and metastasis),69 Okuda,70 and Japanese Integrated Staging Score (JIS) systems.71 The
BCLC system is currently endorsed by the AASLD and European Association for the Study
of the Liver (EASL), and is considered the standard staging system for use in both clinical
trials and routine practice. The BCLC system has the advantage that tumor staging is linked
with treatment recommendations, as described below.

Treatment
The following sections describe the currently recommended treatment options for HCC in
resource-rich countries. The situations of intermediate-resource and low-resource regions
are discussed later on in this article.

According to the BCLC staging system, curative treatment (resection, liver transplantation,
or percutaneous local ablative treatment) is primarily appropriate for asymptomatic patients
with very early and early (both stage A) HCCs. Transarterial chemoembolization (TACE) is
primarily indicated for patients with asymptomatic, multinodular HCC (intermediate, or

Yang and Roberts Page 6

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stage B), whereas chemotherapy with sorafenib is the only recommended treatment for
patients with advanced (stage C) HCC—those with invasive or extrahepatic tumors. The
best supportive care is recommended for patients with terminal (stage D) HCC.65,72 The
stage-by-stage treatment plan included in BCLC staging is proven to offer a survival benefit,
particularly for patients with early-stage HCC.73

Resection
Surgical resection is a potentially curative treatment for HCC. However, the patient’s
residual liver tissue continues to be at risk of developing cancer and the 5-year risk of
recurrence exceeds 70%.74 Candidates for surgical resection should be carefully selected by
a thorough evaluation of their underlying liver function and tumor extent. Hepatic reserve is
assessed by the indocyanin green retention test in Asian countries, and clinical signs of
portal hypertension (namely, thrombocytopenia, splenomegaly and varices) and elevated
bilirubin in Western countries.75 A Model for End Stage Liver Disease score ≤8 also reflects
well-preserved liver function and is a strong predictor of both low perioperative mortality
and long-term survival.76 Dynamic contrast CT or MRI is used for anatomic delineation of
tumor extent. Surgical resection is not recommended for HCCs with associated vascular
invasion or tumor metastasis. Although large sizes and increased numbers of tumors are
associated with a high risk of recurrence after surgical resection, the presence of these
characteristics should not preclude surgical resection in patients with resectable tumors and
a reasonable hepatic reserve.

Transplantation
Orthotopic liver transplantation is considered the definitive treatment for HCC because it
removes not only the malignancy but also the whole diseased liver, which would otherwise
have a high risk of cancer recurrence; however, this treatment is highly resource-intensive.
Candidates with HCC are considered eligible for liver transplantation if they fulfill the
Milan criteria (a single tumor <5 cm in diameter or up to three lesions with the largest no
more than 3 cm in diameter). In patients who undergo transplantation for HCC, use of these
criteria results in similar long-term survival to that of patients who receive liver transplants
for non-HCC indications.77 The University of California San Francisco criteria for liver
transplantation for HCC (a single nodule no larger than 6.5 cm, or up to three lesions, the
largest of which is 4.5 cm or smaller with the sum of the diameters up to 8.0 cm), and more
recently the ‘up to seven’ criteria (seven being the sum of the size and number of tumors)
have been proposed as expanded selection criteria for liver transplantation in this
setting.78,79 These are both more inclusive transplantation criteria, compared with the Milan
criteria, for patients with HCC without compromising the long-term outcome. These
proposals are yet to be universally implemented by the United Network for Organ Sharing
(UNOS). For patients with HCCs that do not meet the Milan criteria, local or locoregional
therapy can be used to reduce tumor size and number, such ‘down-staging’ might enable
successful liver transplantation.80,81

Living donor liver transplantation was pioneered in Asian countries, mainly owing to the
shortage of livers from deceased donors. This strategy has been successfully replicated
worldwide, despite the considerable risks of morbidity (5–20%) and mortality (0.28%) in the
donor and an increased risk of HCC recurrence in the recipient (5–15% in deceased donor
transplantation versus 20–30% in living donor transplantation), compared with deceased
donor transplantation.82,83 Currently, it is not clear why living donor transplantations are
associated with high HCC recurrence. Recurrence risk seems to be higher in living donor
transplantation recipients because a short waiting period enables patients to receive a
transplantation even when the patient has an aggressive tumor, in which case the patient
would not have been eligible to receive a deceased donor liver transplantation. Patients
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undergoing living donor transplantation also tend to have more extensive tumors than
patients undergoing deceased donor liver transplantation. In addition, the humoral
environment of liver regeneration from a partial liver graft seems to increase the risk of
recurrence in living donor transplantations. In spite of the higher risk of recurrence, living
donor transplantation is often used, owing to the limited availability of deceased donors,
particularly in Asian countries.

Radiofrequency and percutaneous ablation
Percutaneous ablation, which is usually performed with radiofrequency ablation or
percutaneous alcohol injection, is a potentially curative treatment for small tumors, usually
<3 cm in size, in patients who are ineligible for liver transplantation or resection owing to
comorbidities, liver dysfunction or limited surgical resources.

Percutaneous ethanol injection (PEI) has an excellent outcome in patients with small tumors,
as complete necrosis is achieved in most HCCs <2 cm in diameter.84 However,
radiofrequency ablation (RFA) is currently more frequently used than PEI in most high-
resource countries. Randomized, controlled trials have demonstrated that several measures
of treatment success are improved in patients treated with RFA versus those treated with
PEI: the rate of complete tumor necrosis, 96% versus 88%; 3-year recurrence-free survival,
34–49% versus 12–43%; and overall survival, 62–78% versus 36–72%, respectively.85

Subsequent studies, including two further randomized controlled trials, showed that RFA
has similar efficacy to surgical resection in the treatment of early-stage HCCs, and is
associated with lower complication rates and costs than resection (Table 3).86–89

Transarterial chemoembolization
As HCC is a highly vascular tumor, TACE—performed by infusion of a mixture of
chemotherapeutic agents and gel-foam particles into the hepatic artery branch that supplies
the tumor—is an effective treatment strategy for HCC. TACE is primarily indicated for
patients with unresectable HCCs without vascular invasion or metastasis. This treatment
improves these patients’ overall survival in the intermediate time frame, when compared
with symptomatic supportive care alone. In two randomized, controlled trials, 2-year overall
survival was 31–63% in the TACE groups versus 11–27% in the control groups.90,91 TACE
is considered an alternative treatment option in patients with early-stage HCC when ablative
treatment cannot be performed safely owing to the tumor location. TACE is also frequently
used as a bridging treatment or to downsize tumors before liver transplantation.80,92

Patients with poor liver function or HCC invasion of the portal vein should not be treated
with TACE owing to the high risk of acute liver decompensation after this treatment.93 New
evidence suggests that TACE with doxorubicin-eluting beads is superior to conventional
TACE, in terms of reduced adverse event rates and improved survival.94,95 These beads are
impregnated with doxorubicin, which is slowly released after being infused into the tumor
vessels allowing a delivery of high intratumoral concentrations with a low serum
doxorubicin level.

Transarterial radioembolization
Transarterial radioembolization (TARE) with 90Y-impregnated glass microspheres
(TheraSphere®; MDS Nordion, Ottawa, Canada) or resin beads (Sir-Sphere®; Sirtex,
Sydney, Australia) is increasingly being used to treat patients with unresectable, multi focal
HCC, including tumors with portal-vein invasion. TARE seems to achieve equivalent
clinical outcomes to those of TACE, with acceptable safety and improved tolerability.96,97

Additional randomized studies are required to evaluate the long-term efficacy and adverse-
effect profile of TARE.
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Pharmacological and chemotherapeutic agents
Most HCCs are resistant to conventional chemotherapeutic agents. Moreover, patients with
HCC usually have poor tolerance of systemic chemotherapy owing to underlying liver
dysfunction. Several important molecules and pathways have, however, been implicated in
liver carcinogenesis, including receptor tyrosine kinases, Wnt–β-catenin signaling, the
ubiquitin–proteasome system, epigenetic DNA modification (promoter methylation and
histone acetylation), the PI3K–AKT–mTOR pathway, proangiogenic molecules and
telomerase.98 Agents that target these pathways are under active investigation.

Sorafenib, an oral multikinase inhibitor that targets the Raf kinase, VEGFR and PDGFR
signaling pathways, is approved for the treatment of patients with advanced HCC (BCLC
stage C; Eastern Cooperative Oncology Group performance status 1–2, portal-vein invasion,
lymph node or extrahepatic spread). In a phase III, randomized, placebo-controlled trial in
602 patients with advanced HCC, overall survival was 10.7 months in the sorafenib group
versus 7.9 months in the placebo group. Sorafenib treatment was associated with acceptable
profiles of adverse effects such as fatigue, diarrhea, and hand–foot skin reaction (a known
treatment-related adverse effect of sorafenib).99 Another trial conducted in the Asia-Pacific
region also showed that sorafenib therapy was associated with improved overall survival and
a tolerable adverse effect profile.100 The use of sorafenib after potentially curative resection
or RFA (in the STORM study),101 and in combination with TACE (in the SPACE study)102

are currently under investigation.

Global strategies for management of HCC
The World Gastroenterology Organization published global guidelines on HCC in
November 2009.103 These guidelines defined minimal (low) resource regions as those where
barely any treatment options for HCC are available, medium (intermediate) resource regions
as those where both resection and ablation are available but liver transplantation is not
available, and high-resource regions as those where liver transplantation is available.

In high-resource environments, the suggested guidelines from AASLD or EASL for
surveillance, diagnosis, and treatment should be applied for the management of HCC.65,104

Unfortunately, however, most HCCs occur in developing countries that have few medical
resources. Effective therapy is generally not available in these regions, in some of which
HCC confers a substantial burden. For example, HCC is a major cause of both morbidity
and mortality in Asia and sub-Saharan Africa. Improved identification and management of
HCC, therefore, requires strategies tailored to the specific resource levels of the environment
(Table 4).

In environments with intermediate resources (rural China, Alaska) or low resources (sub-
Saharan Africa), implementation of universal vaccination against HBV, education of health-
care providers in how to prevent iatrogenic infections, improving food storage to prevent
aflatoxin B exposure and effective antiviral treatments should be the main focus of strategies
to lower the disease burden of HCC. A family history of HCC and/or HBV and HCV testing
should be used to identify individuals at increased risk of HCC. Screening with
ultrasonography should be strongly considered for the early diagnosis of HCC, especially in
intermediate-resource countries, since potentially curative treatment can usually be offered
to patients with early stages of HCC. Building the infrastructure and capacity to provide
ultrasonography, PEI, RFA and surgical resection is a crucially important step in
intermediate-resource and low-resource environments, to enhance surveillance, diagnosis
and therapy in these regions. Lastly, a major effort towards providing low-cost, targeted
therapies (such as sorafenib) should be undertaken in intermediate-resource or low-resource
environments, where most HCCs are detected at an advanced stage.
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Conclusions
Substantial progress has been made in the understanding of HBV, HCV and HCC over the
past four decades. However, global collaboration is now needed to develop a robust strategy
for prevention and therapy that can be deployed in a cost-effective and sustainable manner
to all individuals at risk of or affected by these diseases.

Clearly, these efforts will need to include population, biomedical, pharmaceutical, medical
device and clinical research. These advances will further improve our understanding of the
global burden of HCC and guide the implementation of measures to reduce it. However,
research alone is not enough. For these advances to improve the outcomes of patients
throughout the world, a global coalition of public and private partners is required. Such a
coalition would ideally include the WHO, governmental and nongovernmental
organizations, continental, regional, scientific and civil organizations and social
entrepreneurs. This body could guide the implementation of concerted efforts to decrease the
burden of chronic hepatitis and HCC in the low-income and middle-income countries most
affected by these diseases.

We have deployed appropriate technologies around the world to control the HIV epidemic,
and we can do the same for HBV, HCV, and HCC. The lesson of the global response to
HIV, AIDS and the H1N1 influenza epidemic is that technological and therapeutic advances
can be disseminated around the world within a brief period of time, and can have an
astounding effect (for example, an estimated 1.2 million lives have been saved in Africa by
the US President’s Emergency Plan for AIDS Relief).105 Currently, however, antiviral drugs
that have been made available at reduced cost for treating HIV in developing countries can
only be purchased at substantially higher prices if they are to be used for treating HBV. This
situation must change, so that these medications are made available to those who need them.
Training programs should be implemented to enable progressive development of regional,
national, and local centers of excellence in cost-effective surveillance, diagnosis, and
therapy for HCC. We in the gastroenterology and hepatology communities can have a
critical role in this effort by bringing scientific and professional leadership and advocacy to
bear on these issues.

Acknowledgments
This work was supported by NIH grants CA100882 and CA128633 (awarded to L. R. Roberts). We apologize to
the many excellent contributors to this field whose work is not acknowledged in the reference list owing to space
limitations.

References
1. Ferlay, J., et al. GLOBOCAN 2008, Cancer Incidence and Mortality Worldwide: IARC CancerBase

No. 10. Lyon, France: International Agency for Research on Cancer; 2010. [online], http://
globocan.iarc.fr

2. The World Health Organization. GLOBOCAN 2002. 2002. [online], http://www.emro.who.int/ncd/
cancer_globocan.htm

3. McGlynn KA, Tsao L, Hsing AW, Devesa SS, Fraumeni JF Jr. International trends and patterns of
primary liver cancer. Int J Cancer. 2001; 94:290–296. [PubMed: 11668511]

4. Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carcinoma incidence, mortality, and
survival trends in the United States from 1975 to 2005. J Clin Oncol. 2009; 27:1485–1491.
[PubMed: 19224838]

5. Armstrong GL, Alter MJ, McQuillan GM, Margolis HS. The past incidence of hepatitis C virus
infection: implications for the future burden of chronic liver disease in the United States.
Hepatology. 2000; 31:777–782. [PubMed: 10706572]

Yang and Roberts Page 10

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://globocan.iarc.fr
http://globocan.iarc.fr
http://www.emro.who.int/ncd/cancer_globocan.htm
http://www.emro.who.int/ncd/cancer_globocan.htm


6. Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB. Hepatitis C infection and the
increasing incidence of hepatocellular carcinoma: a population-based study. Gastroenterology.
2004; 127:1372–1380. [PubMed: 15521006]

7. Marrero JA, et al. NAFLD may be a common underlying liver disease in patients with
hepatocellular carcinoma in the United States. Hepatology. 2002; 36:1349–1354. [PubMed:
12447858]

8. Evans AA, et al. Geographic variation in viral load among hepatitis B carriers with differing risks of
hepatocellular carcinoma. Cancer Epidemiol Biomarkers Prev. 1998; 7:559–565. [PubMed:
9681522]

9. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis.
Gastroenterology. 2007; 132:2557–2576. [PubMed: 17570226]

10. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 2005;
55:74–108. [PubMed: 15761078]

11. Naugler WE, et al. Gender disparity in liver cancer due to sex differences in MyD88-dependent
IL-6 production. Science. 2007; 317:121–124. [PubMed: 17615358]

12. Yu MW, Chen CJ. Elevated serum testosterone levels and risk of hepatocellular carcinoma. Cancer
Res. 1993; 53:790–794. [PubMed: 8381328]

13. Bosch FX, Ribes J, Diaz M, Cléries R. Primary liver cancer: worldwide incidence and trends.
Gastroenterology. 2004; 127 (Suppl 1):S5–S16. [PubMed: 15508102]

14. Parkin DM. The global health burden of infection-associated cancers in the year 2002. Int J
Cancer. 2006; 118:3030–3044. [PubMed: 16404738]

15. Beasley RP. Hepatitis B virus. The major etiology of hepatocellular carcinoma. Cancer. 1988;
61:1942–1956. [PubMed: 2834034]

16. Chen JD, et al. Carriers of inactive hepatitis B virus are still at risk for hepatocellular carcinoma
and liver-related death. Gastroenterology. 2010; 138:1747–1754. [PubMed: 20114048]

17. Yuen MF, et al. Independent risk factors and predictive score for the development of hepatocellular
carcinoma in chronic hepatitis B. J Hepatol. 2009; 50:80–88. [PubMed: 18977053]

18. Yang HI, et al. Nomograms for risk of hepatocellular carcinoma in patients with chronic hepatitis
B virus infection. J Clin Oncol. 2010; 28:2437–2444. [PubMed: 20368541]

19. Liu S, et al. Associations between hepatitis B virus mutations and the risk of hepatocellular
carcinoma: a meta-analysis. J Natl Cancer Inst. 2009; 101:1066–1082. [PubMed: 19574418]

20. Yang HI, et al. Associations between hepatitis B virus genotype and mutants and the risk of
hepatocellular carcinoma. J Natl Cancer Inst. 2008; 100:1134–1143. [PubMed: 18695135]

21. Kao JH. Role of viral factors in the natural course and therapy of chronic hepatitis B. Hepatol Int.
2007; 1:415–430. [PubMed: 19669337]

22. Chen CJ, et al. Risk of hepatocellular carcinoma across a biological gradient of serum hepatitis B
virus DNA level. JAMA. 2006; 295:65–73. [PubMed: 16391218]

23. Yang HI, et al. Hepatitis B e antigen and the risk of hepatocellular carcinoma. N Engl J Med. 2002;
347:168–174. [PubMed: 12124405]

24. Frodsham AJ, et al. Class II cytokine receptor gene cluster is a major locus for hepatitis B
persistence. Proc Natl Acad Sci USA. 2006; 103:9148–9153. [PubMed: 16757563]

25. Chu CJ, Hussain M, Lok AS. Hepatitis B virus genotype B is associated with earlier HBeAg
seroconversion compared with hepatitis B virus genotype C. Gastroenterology. 2002; 122:1756–
1762. [PubMed: 12055581]

26. Chu CJ, et al. Hepatitis B virus genotypes in the United States: results of a nationwide study.
Gastroenterology. 2003; 125:444–451. [PubMed: 12891547]

27. Livingston SE, et al. Clearance of hepatitis B e antigen in patients with chronic hepatitis B and
genotypes A, B, C, D, and F. Gastroenterology. 2007; 133:1452–1457. [PubMed: 17920063]

28. Di Bisceglie AM, et al. Hepatitis C-related hepatocellular carcinoma in the United States: influence
of ethnic status. Am J Gastroenterol. 2003; 98:2060–2063. [PubMed: 14499788]

29. Sun CA, et al. Incidence and cofactors of hepatitis C virus-related hepatocellular carcinoma: a
prospective study of 12,008 men in Taiwan. Am J Epidemiol. 2003; 157:674–682. [PubMed:
12697571]

Yang and Roberts Page 11

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



30. Lam JP, et al. Infrequent vertical transmission of hepatitis C virus. J Infect Dis. 1993; 167:572–
576. [PubMed: 8382718]

31. Ohto H, et al. Transmission of hepatitis C virus from mothers to infants. The Vertical Transmission
of Hepatitis C Virus Collaborative Study Group. N Engl J Med. 1994; 330:744–750. [PubMed:
8107740]

32. Alter MJ, et al. The prevalence of hepatitis C virus infection in the United States, 1988 through
1994. N Engl J Med. 1999; 341:556–562. [PubMed: 10451460]

33. Bronowicki JP, et al. Patient-to-patient transmission of hepatitis C virus during colonoscopy. N
Engl J Med. 1997; 337:237–240. [PubMed: 9227929]

34. Mele A, et al. Risk of parenterally transmitted hepatitis following exposure to surgery or other
invasive procedures: results from the hepatitis surveillance system in Italy. J Hepatol. 2001;
35:284–289. [PubMed: 11580153]

35. Karmochkine M, Carrat F, Dos Santos O, Cacoub P, Raguin G. A case-control study of risk factors
for hepatitis C infection in patients with unexplained routes of infection. J Viral Hepat. 2006;
13:775–782. [PubMed: 17052278]

36. Martínez-Bauer E, et al. Hospital admission is a relevant source of hepatitis C virus acquisition in
Spain. J Hepatol. 2008; 48:20–27. [PubMed: 17998149]

37. Donahue JG, et al. The declining risk of post-transfusion hepatitis C virus infection. N Engl J Med.
1992; 327:369–373. [PubMed: 1320736]

38. Schreiber GB, Busch MP, Kleinman SH, Korelitz JJ. The risk of transfusion-transmitted viral
infections. The Retrovirus Epidemiology Donor Study. N Engl J Med. 1996; 334:1685–1690.
[PubMed: 8637512]

39. Hassan MM, et al. Risk factors for hepatocellular carcinoma: synergism of alcohol with viral
hepatitis and diabetes mellitus. Hepatology. 2002; 36:1206–1213. [PubMed: 12395331]

40. Ikeda K, et al. Antibody to hepatitis B core antigen and risk for hepatitis C-related hepatocellular
carcinoma: a prospective study. Ann Intern Med. 2007; 146:649–656. [PubMed: 17470833]

41. Ohki T, et al. Obesity is an independent risk factor for hepatocellular carcinoma development in
chronic hepatitis C patients. Clin Gastroenterol Hepatol. 2008; 6:459–464. [PubMed: 18387499]

42. Lok AS, et al. Incidence of hepatocellular carcinoma and associated risk factors in hepatitis C-
related advanced liver disease. Gastroenterology. 2009; 136:138–148. [PubMed: 18848939]

43. Chen CL, et al. Metabolic factors and risk of hepatocellular carcinoma by chronic hepatitis B/C
infection: a follow-up study in Taiwan. Gastroenterology. 2008; 135:111–121. [PubMed:
18505690]

44. El-Serag HB, Mason AC. Risk factors for the rising rates of primary liver cancer in the United
States. Arch Intern Med. 2000; 160:3227–3230. [PubMed: 11088082]

45. Frezza M, et al. High blood alcohol levels in women. The role of decreased gastric alcohol
dehydrogenase activity and first-pass metabolism. N Engl J Med. 1990; 322:95–99. [PubMed:
2248624]

46. Donato F, et al. Alcohol and hepatocellular carcinoma: the effect of lifetime intake and hepatitis
virus infections in men and women. Am J Epidemiol. 2002; 155:323–331. [PubMed: 11836196]

47. Adams LA, et al. The natural history of nonalcoholic fatty liver disease: a population-based cohort
study. Gastroenterology. 2005; 129:113–121. [PubMed: 16012941]

48. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity among US adults,
1999–2008. JAMA. 2010; 303:235–241. [PubMed: 20071471]

49. Ogden CL, et al. Prevalence of overweight and obesity in the United States, 1999–2004. JAMA.
2006; 295:1549–1555. [PubMed: 16595758]

50. Qian GS, et al. A follow-up study of urinary markers of aflatoxin exposure and liver cancer risk in
Shanghai, People’s Republic of China. Cancer Epidemiol Biomarkers Prev. 1994; 3:3–10.
[PubMed: 8118382]

51. Yu SZ. Primary prevention of hepatocellular carcinoma. J Gastroenterol Hepatol. 1995; 10:674–
682. [PubMed: 8580413]

Yang and Roberts Page 12

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



52. Turner PC, et al. The role of aflatoxins and hepatitis viruses in the etiopathogenesis of
hepatocellular carcinoma: A basis for primary prevention in Guinea-Conakry, West Africa. J
Gastroenterol Hepatol. 2002; 17 (Suppl):S441–S448. [PubMed: 12534775]

53. Ni YH, et al. Hepatitis B virus infection in children and adolescents in a hyperendemic area: 15
years after mass hepatitis B vaccination. Ann Intern Med. 2001; 135:796–800. [PubMed:
11694104]

54. Chang MH, et al. Decreased incidence of hepatocellular carcinoma in hepatitis B vaccinees: a 20-
year follow-up study. J Natl Cancer Inst. 2009; 101:1348–1355. [PubMed: 19759364]

55. Liaw YF, et al. Lamivudine for patients with chronic hepatitis B and advanced liver disease. N
Engl J Med. 2004; 351:1521–1531. [PubMed: 15470215]

56. Matsumoto A, et al. Efficacy of lamivudine for preventing hepatocellular carcinoma in chronic
hepatitis B: A multicenter retrospective study of 2795 patients. Hepatol Res. 2005; 32:173–184.
[PubMed: 16024289]

57. Yuen MF, et al. Long-term lamivudine therapy reduces the risk of long-term complications of
chronic hepatitis B infection even in patients without advanced disease. Antivir Ther. 2007;
12:1295–1303. [PubMed: 18240869]

58. Cammà C, Giunta M, Andreone P, Craxì A. Interferon and prevention of hepatocellular carcinoma
in viral cirrhosis: an evidence-based approach. J Hepatol. 2001; 34:593–602. [PubMed: 11394661]

59. Nishiguchi S, et al. Prevention of hepatocellular carcinoma in patients with chronic active hepatitis
C and cirrhosis. Lancet. 2001; 357:196–197. [PubMed: 11213099]

60. Yoshida H, et al. Interferon therapy reduces the risk for hepatocellular carcinoma: national
surveillance program of cirrhotic and noncirrhotic patients with chronic hepatitis C in Japan. IHIT
Study Group Inhibition of Hepatocarcinogenesis by Interferon Therapy. Ann Intern Med. 1999;
131:174–181. [PubMed: 10428733]

61. Papatheodoridis GV, Papadimitropoulos VC, Hadziyannis SJ. Effect of interferon therapy on the
development of hepatocellular carcinoma in patients with hepatitis C virus-related cirrhosis: a
meta-analysis. Aliment Pharmacol Ther. 2001; 15:689–698. [PubMed: 11328263]

62. Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of screening for hepatocellular
carcinoma. J Cancer Res Clin Oncol. 2004; 130:417–422. [PubMed: 15042359]

63. Trevisani F, et al. Semiannual and annual surveillance of cirrhotic patients for hepatocellular
carcinoma: effects on cancer stage and patient survival (Italian experience). Am J Gastroenterol.
2002; 97:734–744. [PubMed: 11922571]

64. Marrero JA, et al. Alpha-fetoprotein, des-gamma carboxyprothrombin, and lectin-bound alpha-
fetoprotein in early hepatocellular carcinoma. Gastroenterology. 2009; 137:110–118. [PubMed:
19362088]

65. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology. 2005; 42:1208–1236.
[PubMed: 16250051]

66. Silva MA, et al. Needle track seeding following biopsy of liver lesions in the diagnosis of
hepatocellular cancer: a systematic review and meta-analysis. Gut. 2008; 57:1592–1596.
[PubMed: 18669577]

67. Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging
classification. Semin Liver Dis. 1999; 19:329–338. [PubMed: 10518312]

68. A new prognostic system for hepatocellular carcinoma: a retrospective study of 435 patients: the
Cancer of the Liver Italian Program (CLIP) investigators. Hepatology. 1998; 28:751–755. [No
authors listed]. [PubMed: 9731568]

69. Lei HJ, et al. Prognostic value and clinical relevance of the 6th Edition 2002 American Joint
Committee on Cancer staging system in patients with resectable hepatocellular carcinoma. J Am
Coll Surg. 2006; 203:426–435. [PubMed: 17000385]

70. Okuda K, et al. Natural history of hepatocellular carcinoma and prognosis in relation to treatment.
Study of 850 patients. Cancer. 1985; 56:918–928. [PubMed: 2990661]

71. Kudo M, Chung H, Osaki Y. Prognostic staging system for hepatocellular carcinoma (CLIP score):
its value and limitations, and a proposal for a new staging system, the Japan Integrated Staging
Score (JIS score). J Gastroenterol. 2003; 38:207–215. [PubMed: 12673442]

Yang and Roberts Page 13

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



72. Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for staging and treatment: the BCLC
update and future prospects. Semin Liver Dis. 2010; 30:61–74. [PubMed: 20175034]

73. Farinati F, et al. Early and very early hepatocellular carcinoma: when and how much do staging
and choice of treatment really matter? A multi-center study. BMC Cancer. 2009; 9:33. [PubMed:
19171074]

74. Imamura H, et al. Risk factors contributing to early and late phase intrahepatic recurrence of
hepatocellular carcinoma after hepatectomy. J Hepatol. 2003; 38:200–207. [PubMed: 12547409]

75. Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of surgical treatment for early
hepatocellular carcinoma: resection versus transplantation. Hepatology. 1999; 30:1434–1440.
[PubMed: 10573522]

76. Teh SH, et al. Hepatic resection of hepatocellular carcinoma in patients with cirrhosis: Model of
End-Stage Liver Disease (MELD) score predicts perioperative mortality. J Gastrointest Surg.
2005; 9:1207–1215. [PubMed: 16332475]

77. Mazzaferro V, et al. Liver transplantation for the treatment of small hepatocellular carcinomas in
patients with cirrhosis. N Engl J Med. 1996; 334:693–699. [PubMed: 8594428]

78. Yao FY, et al. Liver transplantation for hepatocellular carcinoma: expansion of the tumor size
limits does not adversely impact survival. Hepatology. 2001; 33:1394–1403. [PubMed: 11391528]

79. D’Amico F, et al. Predicting recurrence after liver transplantation in patients with hepatocellular
carcinoma exceeding the up-to-seven criteria. Liver Transpl. 2009; 15:1278–1287. [PubMed:
19790142]

80. Yao FY, et al. A prospective study on downstaging of hepatocellular carcinoma prior to liver
transplantation. Liver Transpl. 2005; 11:1505–1514. [PubMed: 16315294]

81. Yao FY, et al. Excellent outcome following down-staging of hepatocellular carcinoma prior to
liver transplantation: an intention-to-treat analysis. Hepatology. 2008; 48:819–827. [PubMed:
18688876]

82. Trotter JF, Wachs M, Everson GT, Kam I. Adult-to-adult transplantation of the right hepatic lobe
from a living donor. N Engl J Med. 2002; 346:1074–1082. [PubMed: 11932476]

83. Vakili K, et al. Living donor liver transplantation for hepatocellular carcinoma: Increased
recurrence but improved survival. Liver Transpl. 2009; 15:1861–1866. [PubMed: 19938113]

84. Vilana R, et al. Tumor size determines the efficacy of percutaneous ethanol injection for the
treatment of small hepatocellular carcinoma. Hepatology. 1992; 16:353–357. [PubMed: 1322349]

85. Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Radiofrequency ablation improves prognosis
compared with ethanol injection for hepatocellular carcinoma < or =4 cm. Gastroenterology. 2004;
127:1714–1723. [PubMed: 15578509]

86. Chen MS, et al. A prospective randomized trial comparing percutaneous local ablative therapy and
partial hepatectomy for small hepatocellular carcinoma. Ann Surg. 2006; 243:321–328. [PubMed:
16495695]

87. Lau WY, Lai EC. The current role of radiofrequency ablation in the management of hepatocellular
carcinoma: a systematic review. Ann Surg. 2009; 249:20–25. [PubMed: 19106671]

88. Livraghi T, et al. Sustained complete response and complications rates after radiofrequency
ablation of very early hepatocellular carcinoma in cirrhosis: Is resection still the treatment of
choice? Hepatology. 2008; 47:82–89. [PubMed: 18008357]

89. Lü MD, et al. Surgical resection versus percutaneous thermal ablation for early-stage
hepatocellular carcinoma: a randomized clinical trial [Chinese]. Zhonghua Yi Xue Za Zhi. 2006;
86:801–805. [PubMed: 16681964]

90. Llovet JM, et al. Arterial embolisation or chemoembolisation versus symptomatic treatment in
patients with unresectable hepatocellular carcinoma: a randomised controlled trial. Lancet. 2002;
359:1734–1739. [PubMed: 12049862]

91. Lo CM, et al. Randomized controlled trial of transarterial lipiodol chemoembolization for
unresectable hepatocellular carcinoma. Hepatology. 2002; 35:1164–1171. [PubMed: 11981766]

92. Alba E, et al. Transcatheter arterial chemoembolization in patients with hepatocellular carcinoma
on the waiting list for orthotopic liver transplantation. AJR Am J Roentgenol. 2008; 190:1341–
1348. [PubMed: 18430853]

Yang and Roberts Page 14

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



93. Chan AO, Yuen MF, Hui CK, Tso WK, Lai CL. A prospective study regarding the complications
of transcatheter intraarterial lipiodol chemoembolization in patients with hepatocellular carcinoma.
Cancer. 2002; 94:1747–1752. [PubMed: 11920537]

94. Dhanasekaran R, et al. Comparison of conventional transarterial chemoembolization (TACE) and
chemoembolization with doxorubicin drug eluting beads (DEB) for unresectable hepatocelluar
carcinoma (HCC). J Surg Oncol. 2010; 101:476–480. [PubMed: 20213741]

95. Lammer J, et al. Prospective randomized study of doxorubicin-eluting-bead embolization in the
treatment of hepatocellular carcinoma: results of the PRECISION V study. Cardiovasc Intervent
Radiol. 2010; 33:41–52. [PubMed: 19908093]

96. Geschwind JF, et al. Yttrium-90 microspheres for the treatment of hepatocellular carcinoma.
Gastroenterology. 2004; 127 (Suppl 1):S194–S205. [PubMed: 15508085]

97. Sangro B, et al. Radioembolization using 90Y-resin microspheres for patients with advanced
hepatocellular carcinoma. Int J Radiat Oncol Biol Phys. 2006; 66:792–800. [PubMed: 16904840]

98. Roberts LR, Gores GJ. Hepatocellular carcinoma: molecular pathways and new therapeutic targets.
Semin Liver Dis. 2005; 25:212–225. [PubMed: 15918149]

99. Llovet JM, et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med. 2008; 359:378–
390. [PubMed: 18650514]

100. Cheng AL, et al. Efficacy and safety of sorafenib in patients in the Asia-Pacific region with
advanced hepatocellular carcinoma: a phase III randomised, double-blind, placebo-controlled
trial. Lancet Oncol. 2009; 10:25–34. [PubMed: 19095497]

101. ClinicalTrials.gov. Sorafenib as adjuvant treatment in the prevention of recurrence of
hepatocellular carcinoma (STORM). 2010. [online], http://www.clinicaltrials.gov/ct2/show/
NCT00692770?term=NCT00692770&rank=1

102. ClinicalTrials.gov. A phase II randomized, double-blind, placebo-controlled study of sorafenib or
placebo in combination with transarterial chemoembolization (TACE) performed with DC bead
and doxorubicin for intermediate stage hepatocellular carcinoma (HCC). 2010. [online], http://
www.clinicaltrials.gov/ct2/show/NCT00855218?term=NCT00855218&rank=1

103. The World Gastrointestinal Organization. WGO practice guideline—hepatocellular carcinoma
(HCC): a global perspective. 2009. [online], http://www.worldgastroenterology.org/
hepatocellular-carcinoma.html

104. Bruix J, et al. Clinical management of hepatocellular carcinoma. Conclusions of the
Barcelona-2000 EASL conference European Association for the Study of the Liver. J Hepatol.
2001; 35:421–430. [PubMed: 11592607]

105. Bendavid E, Bhattacharya J. The President’s Emergency Plan for AIDS Relief in Africa: an
evaluation of outcomes. Ann Intern Med. 2009; 150:688–695. [PubMed: 19349625]

106. US Centers for Disease Control and Prevention. Recommendations for identification and public
health management of persons with chronic hepatitis B virus infection. 2008. [online], http://
www.cdc.gov/mmwr/preview/mmwrhtml/rr5708a1.htm

107. WHO International Travel and Health. Global prevalence of hepatitis A, B and C. 2002. [online],
http://www.who.int/docstore/wer/pdf/2002/wer7706.pdf

Yang and Roberts Page 15

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2014 February 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.clinicaltrials.gov/ct2/show/NCT00692770?term=NCT00692770&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00692770?term=NCT00692770&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00855218?term=NCT00855218&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00855218?term=NCT00855218&rank=1
http://www.worldgastroenterology.org/hepatocellular-carcinoma.html
http://www.worldgastroenterology.org/hepatocellular-carcinoma.html
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5708a1.htm
http://www.cdc.gov/mmwr/preview/mmwrhtml/rr5708a1.htm
http://www.who.int/docstore/wer/pdf/2002/wer7706.pdf


Key points

• Hepatocellular carcinoma (HCC) is the seventh most common cancer and the
third leading cause of cancer-related deaths in the world

• Over 80% of HCCs occur in developing countries, which lack infrastructure for
the management of this disease

• High-resource environments should utilize American Association for the Study
of Liver Diseases or European Association for the Study of the Liver guidelines
for HCC prevention, surveillance, diagnosis and treatment

• In intermediate-resource or low-resource environments, primary prevention of
HCC through universal HBV vaccination, appropriate precautions and antiviral
treatment should be the primary focus

• The infrastructure and capacity for high-quality ultrasonography, percutaneous
ethanol injection, radiofrequency ablation and surgical resection are crucial

• Programs to provide targeted therapy at low cost, similar to those used for HIV
therapy, should be pursued in resource-poor environments
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Review criteria

Literature searches were primarily performed in the PubMed database. Full-text papers
and abstracts written in English were identified using the following search terms:
“hepatocellular carcinoma”, “HCC” and “liver cancer” in combination with “incidence”,
“etiology”, “prevention”, “surveillance”, “diagnosis” and “treatment”. Further relevant
articles were also identified from the reference lists of review articles.
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Figure 1.
Global variations in age-adjusted incidence rates of liver cancer, prevalence of chronic HCV
infection and chronic HBV infection. Maps were generated using incidence rates of liver
cancer from GLOBOCAN 2002;2 prevalence of chronic HBV infection from US Centers for
Disease Control and Prevention;106 and prevalence of chronic HCV infection from WHO
International Travel and Health.107
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Figure 2.
Age-specific incidence rates of hepatocellular carcinoma among men in China and Gambia
(West Africa). Data from GLOBOCAN, 2002.2
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Figure 3.
Estimated attributable fractions of primary hepatocellular cancers with a viral etiology in
countries with different levels of medical resources (data from Bosch et al. [2004]).13 US
and European countries were classified as having high-resource levels and Asian and
African countries (except for Japan) were classified as having intermediate- or low-resource
levels.
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Figure 4.
Change in the incidence rates of hepatocellular carcinoma between 1983 and 2004. This
period spans the introduction of universal HBV vaccination in Taiwan (data from Chang et
al. [2009]).54 The unvaccinated birth cohort consists of children born in Taiwan between
July 1979 and June 1984. The vaccinated birth cohort consists of children born in Taiwan
after July 1984.
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Table 1

Age-standardized incidence rates for HCC*

Countries Men Women

Low resource

Mongolia 116.6 74.8

Middle Africa 18.9 9.6

Eastern Africa 7.2 3.6

South-Eastern Asia 21.4 9.0

Melanesia 12.9 5.0

Western Africa 16.6 8.0

Polynesia 10.8 3.4

Intermediate resource

China 37.4 13.7

Caribbean 6.3 4.4

South Africa 13.9 5.1

Central America 7.3 7.0

Western Asia 4.4 2.3

Northern Africa 7.5 2.5

South America 5.3 3.9

South Central Asia 3.4 1.6

High resource

Korea 38.4 10.6

Southern Europe 9.8 3.2

Western Europe 7.2 2.1

Eastern Europe 4.6 1.9

Northern America 6.8 2.2

Australia/New Zealand 5.0 2.0

Northern Europe 3.8 1.6

*
All values expressed per 100,000 of the population in 2008 (data from GLOBOCAN 20081).

Abbreviation: HCC, hepatocellular carcinoma.
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Table 2

Individuals for whom surveillance for HCC is recommended

Hepatitis B carriers Individuals with cirrhosis

Those with a family history of HCC Patients with hepatitis B

African individuals over age 20 years Patients with hepatitis C

Asian men over age 40 years Individuals with alcoholic liver disease

Asian women over age 50 years Individuals with hereditary hemochromatosis

Patients with chronic hepatitis B and high viral load (HBV DNA >2,000
IU/ml)

Patients with primary biliary cirrhosis

Patients with persistently or intermittently increased alanine
transaminase levels

Patients with cirrhosis of any other cause (prospective data to
support this practice are still lacking)

Abbreviation: HCC, hepatocellular carcinoma.
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Table 4

Strategies for the management of HCC that differ by resource setting*

Resource setting Strategy

Diagnosis Treatment

Low Ultrasound, AFP ± biopsy PEI ± resection

Intermediate CT, AFP, biopsy Resection, PEI ± RFA, TACE ± sorafenib

High CT and/or MRI, AFP, biopsy OLT or resection, PEI or RFA, TACE or TARE, sorafenib, targeted treatment trials

*
In all resource settings, prevention should consist of HBV vaccination, prevention of transmission via percutaneous, intravenous or sexual routes,

and effective HBV and HCV therapy. Surveillance in all areas should comprise ultrasound and measurement of AFP levels.

Abbreviations: AFP, α-fetoprotein; HCC, hepatocellular carcinoma; OLT, orthotopic liver transplantation; PEI, percutaneous ethanol injection;
RFA, radiofrequency ablation; TACE, transarterial chemoembolization; TARE, transarterial radioembolization.
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