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Hepatocellular carcinoma (HCC) represents approximately 90% of primary liver tumors, followed by those involving the biliary tract. Liver cancer is currently the second-leading cause
of cancer-related death worldwide, thus constituting a major global health problem. The incidence of HCC is growing, reflecting aging and population growth.
Almost 90% of HCC cases are associated with a known underlying etiology, and liver
cirrhosis represents the leading one; hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections, alcohol abuse, and metabolic syndrome are other well-defined risk factors.
Indeed, universal vaccination against HBV infection is recommended by the World Health
Organization (WHO) for all newborns and higher risk groups with the aim to achieve primary prevention of HCC. While sustained virologic response (SVR) after antiviral therapy
for HCV infection has been significantly associated with a reduction in HCC incidence, it
does not eliminate it; thus, surveillance of patients with cirrhosis for HCC after SVR should
be maintained even in this group of patients.
The purpose of surveillance is to diagnose early complications of cirrhosis, such as HCC,
with the aim to treat them properly and according to the stage of the disease. In fact, it is
necessary to remark that wherever HCC promotes cirrhosis, patients are affected both by a
neoplasia and by a chronic disease. HCC diagnosis is influenced first by the condition of the
liver, the size and location of the lesion, performance status of the patients, and the expertise
of the multidisciplinary team managing the patient. In patients with cirrhosis, given the high
pre-test probability, the certainty of diagnosis may rely on contrast-enhanced imaging thanks
to specific hallmarks that have been identified. In this subgroup of patients, liver biopsy is
indicated in nodules with controversial imaging features. On the other hand, in subjects
without cirrhosis, liver biopsy is always required because imaging alone is not considered
sufficient for diagnosis
Considering that HCC mainly arises in a cirrhotic liver, both European and American
Clinical Practical Guidelines stratify patients with HCC according to the Barcelona Clinic
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Figure 1.1. Barcelona Clinic Liver Cancer (BCLC) staging and treatment strategy.1

Liver Cancer (BCLC) classification: five prognostic subclasses are identified and define specific treatment with the attended extended life expectancy (Figure 1.1).

Epidemiology
HCC is the fifth most common cancer in men and the seventh most common cancer in
women overall in the world. Moreover, it is the second most frequent cause of cancer-related
death globally as estimated by the WHO.2 Further, its high mortality and poor survival result
in a serious major health burden. Annually, the estimated number of new cases is about
782,000 and there are 600,000 deaths globally per year.3
The worldwide incidence of HCC is heterogeneous because of the differences in timing
and the level of exposure to environmental and infectious risk factors, health care resource
availability, and the ability to detect earlier stages of HCC and provide potentially curative
treatment. Almost 85% of HCC cases occur in low- or middle-resource countries, particularly in East Asia and sub-Saharan Africa (72% of cases occur in Asia, 10% in Europe, 7.8%
in Africa, 5.1% in North America, 4.6% in Latin America, and 0.5% in Oceania).2, 4 It should
be noted that the incidence and mortality of HCC have been rising in North America and
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several European countries and declining in traditionally high-risk areas. Indeed, the incidence rate of HCC in the United States has increased twofold to threefold over the past three
decades due, in part, to the progressive increase in HCC linked to obesity-related fatty liver
disease.5
The incidence of HCC increases progressively with advancing age in all populations,
reaching a peak at 70 years. However, it should be borne in mind that the age at which
HCC appears varies according to geographical area, sex, and risk factors associated with liver
cancer development. HCC tends to occur later in life in Japan and in intermediate- or low-
incidence areas (North America and European countries), where the median age of onset is
above 60 years. In high-risk countries, such as China and sub-Saharan Africa, in view of the
higher HBV prevalence, the mean age of the patient at diagnosis is usually less than 60 years
old.6 The overall prevalence of HCC is higher among males. The sex ratio usually ranges
between 2:1 and 4:1. The reasons why males have higher rates of liver cancer than females
are not completely understood but could be partly explained by the sex-specific prevalence
of risk factors. Sex hormones play a significant role in carcinogenesis according to several
studies, with testosterone acting as a positive regulator of the hepatocyte cell cycle, thus
accelerating hepatocarcinogenesis; on the other hand, estradiol has the opposite effect, and
protects against carcinogenesis.2, 3

Risk factors and pathogenesis
Approximately 90% of HCC cases are associated with a known underlying etiology. Liver
cirrhosis can be considered the primary risk factor for HCC independent of its etiology. It is
estimated that about one third of patients with cirrhosis develop HCC during their lifetime.
The risk appears to be higher for patients with cirrhosis due to HBV or HCV infection than
for those with cirrhosis of a different etiology.2, 4 Moreover, in relation to cirrhosis as a risk
factor, signs of advanced liver disease (low platelet count, the presence of esophageal varices),
in addition to male gender and older age, correlate with an increased risk of HCC among
patients with cirrhosis.7 Overall, approximately 54% of HCC cases are attributable to HBV
infection and 31% to HCV infection, leaving approximately 15% associated with other etiologies.4 These data certainly underestimate the real impact of nonalcoholic fatty liver disease
(NAFLD) and metabolic syndrome as emerging risk factors for the development of HCC.
Chronic HBV infection is the leading cause of HCC in East Asian countries and most
African countries. HCV is the leading virus-related cause of HCC in North America,
Europe, Japan, parts of central Asia, northern Africa, and the Middle East. In high-resource
countries, HCC generally develops as a consequence of protracted chronic hepatitis leading to liver cirrhosis. It should be noted, however, that in HBV endemic areas such as East
Asia and most African countries, HBV-associated HCC frequently occurs in the absence of
cirrhotic liver disease.5 Several studies have identified HBV-related factors as key predictors of HCC development: hepatitis B e antigen (HBeAg) seropositivity, high viral load, and
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genotype C are independent predictors of HCC development.8 Similarly, HCV genotype 3
would appear to be associated with an increased risk of developing HCC.9 Among patients
with active HCV or HBV infection, antiviral therapies are effective in reducing HCC incidence, although they do not eradicate the risk. Among HCV-infected patients, the risk of
developing HCC significantly declines with direct-acting antiviral agents. Despite improvement, patients with cirrhosis prior to SVR remain at high risk of HCC, so surveillance must
be continued.
Alcoholic cirrhosis is the second most common risk factor for HCC in the United States
and Europe. However, the absolute risk of developing HCC in patients with alcohol-related
cirrhosis seems to be lower than that in patients with cirrhosis from chronic viral hepatitis.5
NAFLD and nonalcoholic steatohepatitis (NASH) are becoming a significant cause and a
major risk factor for HCC development in most industrialized countries. Although patients
with NASH appear to have a lower risk of HCC than patients with cirrhosis from chronic
viral hepatitis, between 10% and 20% of HCC cases in Western countries are now ascribed
to NAFLD.9 Moreover, NAFLD-associated HCC, as compared with virus-associated HCC, is
more common in elderly patients.10 It should be taken into account that NAFLD-associated
HCC also occurs frequently in the absence of cirrhosis. Constituents of metabolic syndrome,
such as diabetes and obesity, are emerging risk factors for HCC and may increase HCC risk
if associated with other chronic liver diseases, even in the absence of a NAFLD diagnosis.11
In particular, diabetes mellitus, a major clinical risk factor for NAFLD, is associated with a
twofold to threefold increased risk of HCC: insulin-resistance and consequent production of
reactive oxygen species that trigger hepatic inflammation are thought to have a crucial role
in hepatocarcinogenesis.
Environmental toxins may contribute to the pathogenesis of HCC. Toxins probably act
synergistically with other more common risk factors. Dietary exposure to aflatoxin B1, a
mycotoxin produced by Aspergillus spp. and that contaminates staple cereals and oilseeds,
is considered an important co-factor for HCC development in parts of Africa and Asia due
to inappropriate postharvest processing. Epidemiologic and molecular studies have shown a
strong correlation between aflatoxin B1 exposure, TP53 tumor suppressor gene mutations,
and the incidence of HCC, specifically in HBV-infected individuals.4
Other and less common chronic liver diseases, including primary biliary cirrhosis, autoimmune hepatitis, and hemochromatosis can lead to cirrhosis and promote the development
of HCC.
Evidence of a link between cigarette smoking and the occurrence of HCC was traditionally
conflicting, but recent evidence supports that smoking is a significant co-factor.2 Moreover,
the incidence of HCC is higher among patients with HIV infection, and HIV appears to be
an additive co-factor, increasing the risk of HCC in patients with chronic viral hepatitis.12
Several epidemiological studies have addressed the topic of HCC prevention in the general population and in patients with chronic liver disease. Coffee consumption, aspirin use,
and metformin use in patients with diabetes have been shown to consistently reduce the
HCC incidence.4
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Molecular classification
The pathophysiology of HCC comprises many steps leading to hepatocyte malignant transformation and subsequent HCC development. The identification of the cell of origin in
HCC is still a challenge: Metaplasia and cell plasticity together with proliferative potential
in response to injury support the idea that mature hepatocytes may be the potential source
of HCC.
Recent progress in gene sequencing has already demonstrated that carcinogenesis depends
on the interaction between cancer driver genes with tumor suppressive or oncogenic functions. The main alteration in HCC involves gene mutations or chromosome amplifications in
signaling pathways such as the Wnt-β-catenin (CTNNB1, AXIN1, APC), AKT-mammalian
target of rapamycin (mTOR), mitogen-activated protein kinase (MAPK), and receptor tyrosine kinases. Other alterations may be frequently observed in genes playing a role in cell cycle
control, oxidative stress, and epigenetic regulation. Even if the gene mutations and pathways
involved are mostly random, some specific patterns have been identified and define precise
molecular HCC subclasses, correlated with different histopathological fingerprints and associated with clinical outcomes.
Relying on transcriptome-based phenotypic classes, two major molecular groups can be
identified: a proliferation and a non-proliferation class. The proliferation class has the worst
clinical prognosis and accounts for almost 50% of HCC, more common in HBV-associated
cases.13 It has scarce histological differentiation, elevated vascular invasion, and high levels of
alpha-fetoprotein (AFP). Genetic disturbances in this class consist mostly of amplification of
FGF19 or CCND1 or mutations of TP53. This class can be further divided in two subclasses:
the G1/S2/iCluster1 “progenitor,” characterized by expression of stem cells marker (CK19,
EPCAM) and activation of proliferation or signaling pathways (RAS-MAPK, MET and
insulin-like growth factor [IGF], phosphoinositide 3-kinase [PI3K]-AKT-mTOR), and S1/
iCluster3, alongside Wnt-transforming growth factor beta (TGFβ) activation and accounting
for 20-30% of HCC cases. On the other hand, the non-proliferation class includes less aggressive tumors mostly related to HCV infection, alcoholic liver disease, and NASH. They are
characterized by low levels of AFP and moderate-to-well histological differentiation. Within
this class at least two subclasses have been defined: The first—the Wnt-β-catenin-CTNNB1
subclass—presents with mutations in CTNNB1 and activation of the Wnt-β-catenin signaling
pathway, leading to low immune infiltration. The second—the interferon (IFN) subclass—is
characterized by the activation of IFN-α signaling and an inflamed tumor microenvironment.
Similarly to molecular HCC subclasses that depend on specific genomic impairment, the
immune status of the tumor defines the immune classification of HCC. The immune class
includes the immune active and the immune exhausted, the former responding to immune
checkpoint inhibitors (ICIs) due to the high presence of CD4+ and CD8+ T cells, and
the latter presenting with infiltrates enriched with TGFβ-driven CD8+ T cells. Besides these
subclasses, immune-intermediate and immune-excluded subclasses have been identified; the
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latter is resistant to ICIs and that tumor environment has few T cells but more T regulatory
cells (Tregs).
Remarkably, HCC is a typical inflammation-associated cancer, considering that it arises
in chronically inflamed liver due to viral infection, alcohol intake, or fatty acid accumulation.
Hepatic stellate cells play a pivotal role in the response to chronic damage; they activate and
synthesize extracellular matrix components, leading to the migration of endothelial cells,
neoangiogenesis, fibrosis, and, consequently, cirrhosis.
Subsequently, the secretion of chemokines from senescent hepatocytes impairs
immune-mediated tumor suppression and creates a liver microenvironment permissive
to HCC development with the gene signatures described previously. Moreover, the liver is
enriched with immune cells and has a particular immune state, considering the complex
interaction with all the inflammatory signals from the gut. Studies in mice and humans have
shown malignant hepatocytes create an immunotolerant microenvironment through the
secretion of vascular endothelial growth factor (VEGF); thus, VEGF inhibitors have been
proposed as therapeutic agents in association with ICIs.13

Surveillance
Cancer surveillance programs aim to identify HCC at a very early stage (≤2 cm) when radical
treatments can be applied with the highest probability of long-term cure. In addition, this
approach is associated with minor costs.2, 4 Evidence concerning benefits associated with
HCC survival rely most on retrospective study because prospective trials comparing screening vs. no screening would not be ethical. Recently, a prospective follow-up study of patients
with biopsy-proven viral cirrhosis showed that a 6-month HCC surveillance was associated
with a higher proportion of HCC detected at an earlier stage, and thus more amenable to
first-line treatments with consequent longer overall survival (OS).14 Thus, European recommendations support a 6-month screening interval, based on the HCC volume doubling time
and the limit of detectability. Even through 3-month surveillance is associated with higher
costs and no survival benefits, it has been proposed by Japanese guidelines for specific groups
of patients considered to be at higher risk.4 On the other hand, despite being cost effective,
12-month surveillance is associated with diagnosis at a later stage and a shorter OS.
The target population of surveillance comprises a subgroup of patients with higher risk of
developing cancer and is defined according to cost-effectiveness and survival studies. HCC
surveillance is recommended in patients with liver cirrhosis, but with some considerations.
First, cirrhosis affects survival itself, because it may be associated with impaired liver function. Assessment of liver function is based on the Child-Turcotte-Pugh score, which includes
both biochemical (total bilirubin, prothrombin time, albumin) and clinical (ascites, hepatic
encephalopathy) features (Table 1.I).
The probability of receiving radical cancer therapy decreases in cases of very advanced
or decompensated liver disease and is not cost effective. On the other hand, surveillance
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Table 1.I. Child-Turcotte-Pugh classification for the severity of cirrhosis.
Clinical and Lab
Criteria

Points
1

2

3

Encephalopathy

None

Mild to moderate
(grade 1 or 2)

Severe
(grade 3 or 4)

Ascites

None

Mild to moderate
(diuretic responsive)

Severe
(diuretic refractory)

Bilirubin (mg/dL)

<2

2-3

>3

Albumin (g/dL)

>3.5

2.8-3.5

<2.8

Prothrombin time
Seconds prolonged
International normalized ratio

<4
<1.7

4-6
1.7-2.3

>6
>2.3

Child-Turcotte-Pugh Class obtained by adding score for each parameter (total points)
Class A= 5 to 6 points (least severe liver disease)
Class B= 7 to 9 points (moderatelv severe liver disease)
Class C= 10 to 15 points (most severe liver disease)

in decompensated Child-Pugh B or Child-Pugh C must be applied in those patients on the
waiting list for transplantation for cirrhosis, because newly diagnosed HCC may change priority on the list or indication for liver transplantation (LT).2
Chronic HBV infection, even when sustained HBV suppression is obtained, is associated
with higher risk of developing HCC even in the absence of cirrhosis. Several prognostic and
geographic-specific models have been proposed with the aim to avoid unnecessary surveillance in treated patients without cirrhosis but with HBV at low risk of cancer onset. The
European Association for the Study of the Liver (EASL) guidelines recommend the use of the
PAGE-B score—based on platelet count, age, and gender—to identify patients with chronic
HBV infection at higher risk of HCC development.2
HCV infection is cured in more than 99% of patients who achieve SVR; nevertheless,
both patients with cirrhosis and with bridging fibrosis remain at risk of life-threatening
complications, including HCC, thus warranting regular surveillance. The recent improvement of non-invasive diagnostic tools to evaluate liver fibrosis, such as transient elastography, has led to the possibility of stratifying patients with active viral replication before
treatment and to establish whether they warrant surveillance for HCC even if SVR is
achieved.
So far, gray areas exist in the definition of the at-risk population. There is an evident lack
of data in the literature concerning stratification of the risk of HCC development in patients
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without cirrhosis but with NASH, autoimmune liver disease, and genetic liver diseases
(Wilson’s disease, genetic hemochromatosis, alpha 1-antitrypsin deficiency). Even if almost
half of cases of HCC in patients with NASH arise in the non-cirrhotic subset, the increasing
number of patients with NAFLD/NASH makes regular surveillance not cost effective in this
subgroup of patients. Moreover, a high prevalence of obesity in these patients makes ultrasonography (US) not the best diagnostic approach to detect small nodule(s). Lastly, no data
are available concerning cut-off age; thus, the choice to bear surveillance in this subgroup of
patients should be taken considering performance status and estimated life expectancy.

Surveillance tests
Surveillance relies on both serological and imaging tests. The cornerstone of HCC surveillance is represented by US, an easily accepted, non-invasive, and widely available diagnostic
tool with good sensitivity (84% for detection of HCC at any stage4) and bearable costs. It
also facilitates the early detection of other complications of cirrhosis such as ascites or portal
thrombosis, which may warrant prompt management. For all these reasons, US is the primary surveillance test recommended by the EASL, the American Association for the Study
of Liver Diseases (AASLD), and the Asian Pacific Association for the Study of Liver (APASL);
however, its accuracy may be affected by several factors such as operator expertise, anthropometric features of the patients, and liver-disease severity.
Considering the increasing incidence of HCC on underlying NASH in the Western population, the use of alterative imaging techniques is quite common in clinical practice, especially
in the setting of the waiting list for liver transplantation. Several trials comparing US with
computed tomography (CT) or magnetic resonance imaging (MRI) in surveillance programs
did find significant higher costs for the latter modalities, although there were controversial
results in terms of early detection of HCC; larger, prospective, and solid studies are needed.
Serological biomarkers are mainly non-specific and include AFP, des-gamma-carboxy
prothrombin (DCP)— also known as prothrombin induced by vitamin K absence II (PIVKA
II)—the ratio of glycosylated AFP (L3 fraction) to total AFP, alpha-fucosidase, and glypican.
AFP is the most used and studied but has shown poor sensitivity when used alone; combined
with US it helps to detect 6-8% of cases of HCC.2 Only a minority of early-stage HCC presents with abnormal serum AFP levels, while AFP elevation is associated with more aggressive
or larger tumors that are not suitable for locoregional treatment. So far, almost one third of
early HCC is missed by standard surveillance. Despite confounding factors, an AFP cut-off
value of 20 ng/mL has shown good sensitivity but low specificity for HCC, while a value >200
ng/mL is highly specific. Because elevated AFP levels may be observed in many circumstances such as a flare of HBV or HCV or exacerbation of liver disease, the use of different
AFP cut-offs according to liver disease etiology may improve specificity. The other serum
markers have been mostly assessed in a diagnostic or prognostic setting, but none has been
recommended for surveillance.
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