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Abstract Hepatocellular carcinoma (HCC) is a highly

prevalent disease ranking among the ten most common

cancers worldwide with increasing trend of incidence in

most developed countries. The great healthcare costs and

economic burden of HCC dictate proper preventive inter-

ventions as well as surveillance and screening programs to

decrease disease incidence and allow early diagnosis. HCC

treatment outcomes are affected by several variables,

including liver function, patient’s performance status, and

tumor stage. In line with the Barcelona Clinic Liver Cancer

(BCLC) staging curative treatments, such as surgery or

radio-frequency ablation, are indicated in early-stage HCC

(BCLC-A), and the noncurative treatments are indicated in

intermediate and advanced stages of HCC (BCLC-B, C).

Transarterial chemoembolization (TACE) represents the

treatment of choice for intermediate-stage HCC with

Child–Pugh A cirrhosis, and the long-term survival after

liver transplantation is inferior to that of early-stage HCCs.

In advanced-stage HCC or when complete necrosis is not

achieved or early recurrence after TACE develops, indi-

vidualized treatments such as systemic treatment or com-

bined radiation therapy are indicated. The increasing

knowledge of the genomic landscape of HCC and the

development of molecular-targeted therapies is heading

toward expanding the armamentarium for HCC

management.
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Introduction

Hepatocellular carcinoma (HCC) represents the major

histological subtype among primary liver cancers,

accounting for 70–85 % of the total burden worldwide.

The incidence is characterized by gender-related differ-

ences, and rates are more than twice as high in males as

in females. HCC in men is the fifth most frequently

diagnosed cancer worldwide but the second most frequent

cause of cancer death, whereas in women is the seventh

most commonly diagnosed cancer and the sixth leading

cause of cancer death [1–3]. There are also differences in

geographical distribution. The highest liver cancer rates

are found in East and Southeast Asia and in Middle and

Western Africa, whereas rates are low in South-central

and Western Asia, as well as Northern and Eastern

Europe [1, 2]. Chronic hepatitis B virus (HBV) infection

determines the high HCC rates in parts of Asia and sub-

Saharan Africa. In particular, HBV infection accounts for

about 60 % of the total liver cancer in developing
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countries and for about 23 % of cancer in developed

countries, while hepatitis C virus (HCV) infection

accounts for about 33 % of the total liver cancer in

developing countries and 20 % in developed countries [1,

2, 4, 5]. The role of aflatoxin B1 exposure in determining

HCC burden in parts of Africa and Asia is indefinite.

Alcohol-related cirrhosis and probably obesity-associated

nonalcoholic fatty liver disease cause the majority of

liver cancers in the USA and numerous other low-risk

Western countries [6–9]. The incidence of HCC increases

progressively with age, but in countries with a high

incidence the average age at diagnosis is in the third

decade of life, while in other regions has moved in two

or three decades later [1]. The different distribution of

risk factors and the different pathogenetic mechanisms

underlay the variability of HCC incidence and clinical

presentation. In this regard, it is noted a significant dif-

ference in the stage at diagnosis between countries with

low and high incidence. In the former, in fact, HCC is

still frequently identified in the asymptomatic phase

because of routine instrumental checks underwent by

patients at risk; in the latter, instead, the diagnosis is

often delayed for the absence of regular checks and for

earliness of hazardous conditions, resulting in detection

of infiltrating or advanced-stage HCC [2].

Prevention

The best prevention strategy for HCC is to avoid the

development of liver diseases and their progression to

cirrhosis. The main cause of HCC in the world is repre-

sented by HBV infection; therefore, vaccination may be

an effective method of prevention [6]. Encouraging

results have been achieved in some countries with a high

incidence, where the vaccination of children has led to a

drastic decrease of HCC with a very positive result in

terms of cost/benefit ratio [10]. In other geographic areas

where the incidence of HCC is related to alcohol abuse

and HCV infection, the preventive measure is aimed at

the early identification of those at risk and the prevention

and treatment of viral infection and alcohol abuse. The

appropriate preventive measures should therefore be

adapted to different types of patients. For example, pri-

mary prevention of HCC in cirrhotic patients is indicated

in the Western world. The use of screening for liver

disease and the search for noninvasive methods validated

for detecting liver cirrhosis, a disease that continues to be

under-diagnosed, are therefore important. Still debated is

the role of any preventive drug therapies in order to

reduce hepatocarcinogenesis in subjects with chronic

active hepatitis [11].

Surveillance

The clinical and instrumental monitoring procedures have

the dual purpose of reducing disease-specific mortality and

increasing survival through early detection of the disease in

question in order to give the patient the best therapeutic

strategy. HCC has all the features that justify the com-

mitment to a program of surveillance, and therefore, the

screening of HCC has become a shared aspect of the

management of patients with advanced-stage liver disease.

Screening refers to the execution of a test that permits the

diagnosis of a disease to a stage at which therapeutic

intervention can significantly increase the survival of the

patient. Surveillance consists of the application of this test

repeated over time. In 2001, a group of experts (EASL—

European Association for the Study of the Liver) met and

established guidelines for surveillance of HCC in cirrhotic

patients. The most commonly used screening tests for HCC

are the dosage of serum a-fetoprotein (AFP) [12] and

ultrasound examination [13]. The benefit of surveillance in

terms of reduced mortality was evidenced by a single

randomized study from China comparing surveillance and

nonsurveillance in HBV patients using serum AFP and

abdominal ultrasound at 6-month intervals [14]. Besides, a

survival advantage for patients under HCC screening was

revealed by cohort studies; this evidence was corroborated,

and cost-effectiveness was shown by retrospective studies

[15–18]. AFP was the most extensively used marker in the

early studies on the surveillance of HCC, but the sensitivity

of a-fetoprotein for screening of HCC varies widely, and if

the threshold level of AFP for the diagnosis of HCC

increases for example from 20 to 100 mg/L, the test sen-

sitivity decreases from 39 to 13 %, while the specificity

increases [19]. AFP in any case is not specific for HCC,

and values can also increase to the peak activity of hep-

atitis. Out of 44 HBV-positive patients with elevated AFP

levels found during a surveillance program for HCC, only 6

were actually diagnosed with HCC. Further investigations

have shown that 28/44 (41 %) patients had an exacerbation

of the underlying hepatic disease or changes in the state of

HBV replication [20]. Individuals with viral infection

without HCC may show elevated levels of AFP with

transient, persistent, or intermittent pattern. These eleva-

tions are to be attributed to an exacerbation of hepatitis,

more certainly when accompanied by a concomitant

increase in the levels of transaminases, indicative of active

infection or seroconversion. It becomes difficult to make a

differential diagnosis between viral infection and HCC

when the increase of AFP does not correlate with an

increase in transaminases. However, the levels of AFP, in

the presence of hepatocellular carcinoma, tend to increase

the range and exceed that observed in the absence of tumor.
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There are no guidelines indicating when an increase in the

level of AFP in the presence of a normal ultrasound picture

needs further investigation for a diagnosis of exclusion of

HCC. In a direct test of AFP in diagnosing HCC in HBV-

positive and HBV-negative patients, the specificity was

only 50 % in HBV-positive patients compared to HBV-

negative patients [21]. The characteristics of AFP assay as

a screening test render a sensitivity of 39–64 %, a speci-

ficity from 76 to 91 %, and a positive predictive value from

9 to 32 % [22, 23]. Serum AFP has overall reduced sen-

sitivity and specificity and thus should not be used as a

screening tool unless ultrasonography (or other imaging

modality) is unavailable. Regarding ultrasound imaging,

the characteristics of the study method as a screening test

for HCC were defined both in healthy carriers (noncir-

rhotic) of hepatitis B surface antigen and in patients with

cirrhosis. Diagnostic medical sonography showed a sensi-

tivity of 71 and 78 %, respectively, a specificity of 93 %,

and the positive predictive value was 14 and 73 % [22, 23].

Various clinical studies have been conducted in order to

identify the target population for surveillance. Male sex,

age over 55 years, positivity for HCV, and the alteration of

liver function tests were identified as risk factors for the

development of HCC in a study conducted on 463 subjects

with cirrhosis monitored for an average of 38 months [24].

In several studies, the intervals of monitoring range from

3 months to 1 year, but, on the basis of the data of tumor

growth, an interval of 6 months seems appropriate. In fact,

the time it takes to become an instrumentally detectable

neoplastic lesion (at least 2 cm in diameter) is between 4

and 12 months [25], with a median tumor doubling time of

117 days [26]. The most recent EASL guidelines propose

the combined use of ultrasound and AFP assay to be per-

formed every 6–12 months in patients with cirrhosis [27,

28]. Applying these surveillance programs, diagnosis at an

early stage was possible in a proportion of 40 % of HCC

patients in a Spanish center highly specialized in the

management and treatment of HCC [28]. In the presence of

a nodule detected by ultrasound imaging, subsequent steps

depend strictly on the size of the nodule, according to the

following algorithm: (i) nodules \1 cm: pathological

studies have shown that over half of the suspicious nodules

with a diameter \1 cm are not really HCC. Furthermore,

the identification of small hypervascular spots by magnetic

resonance imaging (MRI) or computed tomography (CT)

scan may not be indicative of neoplastic nodule. However,

these small nodules can become malignant over time and

increase in size. Therefore, the sub-centimeter nodules

must be followed by ultrasound imaging at intervals of

3–4 months, for at least 2 years; if in that period of time

they show no dimensional changes, the patient may be

followed through a regular monitoring program; (ii) nod-

ules 1–2 cm: the EASL guidelines [29] recommended the

use of biopsy for these nodules, given the high likelihood

of being cancerous nodules. However, for small nodules,

biopsy may be difficult to perform and not diagnostic, with

values of false negatives that fluctuate between 30 and

40 % [29]. Therefore, the current recommendations include

the use of two imaging methods that assess the vascular-

ization of the nodule. In the presence of a typical vascular

pattern (arterial hypervascularity with portal venous phase

washout), the nodule is interpreted as HCC. The biopsy

should instead be performed in the presence of an atypical

vascular pattern (e.g., a nodule not uptaking contrast

medium in the arterial phase) or in the event of a dis-

crepancy between the two imaging modalities. If the biopsy

is negative, the patient should continue to perform a close

instrumental follow-up with the use of contrast medium

(CT or MRI); (iii) nodule [2 cm: In this case, a single

imaging modality (CT or MRI) is sufficient to provide a

proper diagnosis in the presence of the typical pattern of

contrast effect. If, however, this pattern is not found and

the nodule is atypical, with AFP values\200 ng/mL, it is

necessary to perform a biopsy, as already proposed for the

nodules between 1 and 2 cm. In conclusion, it can be said

that, while the dosage of AFP was abandoned as a

screening method and only maintains a role in identifying

patients at high risk and in activating a noninvasive diag-

nostic program when it is markedly elevated, among the

imaging methods, diagnostic medical sonography remains

the only one that can be used for screening. In fact, despite

the known limitations related to operator dependence and

the possible difficulties of interpretation related to patient

characteristics (obesity) or tumor (isoechogenicity), the

location of the lesion (subdiaphragmatic area), and the

appearance of the remaining parenchyma (inhomogeneous

pattern in steatosis or macronodular liver cirrhosis), ultra-

sound is able to recognize HCC before the critical diameter

of 3 cm in more than 85 % of the cases [28].

Diagnosis

HCC is usually diagnosed by gastroenterologists or hepa-

tologists during checks of the underlying liver disease. The

diagnosis is made considering the clinical presentation, the

imaging features, the AFP dosage, and possibly a liver

biopsy [28]. Often, the cancer is at an advanced stage when

the patient reaches the observation of the clinician due to

several factors: the possible rapid tumor growth, the need

for the tumor to reach a noticeable size to be symptomatic,

the considerable reserve capacity of the liver that makes

liver failure occur only when most of the parenchyma is

replaced, the rare and late metastatic spread, and the

presence of an underlying disease that can mask for a long

time the symptoms referable to the tumor [4]. The clinical
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onset of HCC is insidious, and disease progresses silently

in the early stages, making timely diagnosis difficult. The

earliest symptoms are as follows: dull, deep, and worsening

pain in the right upper quadrant and epigastrium, feeling of

abdominal distension, and other nonspecific symptoms

such as fever, malaise, anorexia, postprandial feeling of

fullness, and weight loss [4]. Other symptoms of lower

frequency are to be referred to the peculiar localization of

the tumor: jaundice, if the tumor compresses the primary

bile ducts; severe abdominal pain, if there is distension of

the capsule or capsular rupture into the peritoneum [4]. The

presence of a chronic hepatic disease involves a whole set

of symptoms referable to secondary liver failure. However,

HCC is frequently diagnosed at an asymptomatic stage

during a preoperative evaluation (e.g., in anticipation of a

liver transplant) or during the screening program in patients

with cirrhosis. For the detection of HCC, in addition to the

clinical characterization, is fundamental an accurate

imaging study, which must include the use of equipment of

high diagnostic profile, with acquisition dynamics after

intravenous administration of contrast medium, obtaining

scans in the arterial, portal, and late phases [4]. The diag-

nosis of HCC is based on fundamentally, early identifica-

tion of impregnation contrast enhancement in the arterial

phase with subsequent disposal in the portal and late phases

both for ultrasound examination, CT and MRI. In fact,

while the normal liver parenchyma is vascularized pre-

dominantly (75 %) from the portal blood and the remainder

(25 %) from the hepatic artery, the HCC has a predomi-

nantly arterial vasculature. The identification of the typical

contrastographic pattern allows making the diagnosis of

HCC with a positive predictive value of approximately

90–100 %, which was comparable for the three imaging

modalities [30–32]. At ultrasound imaging, the

echogenicity of the lesion varies depending on the size; in

fact, while the nodules smaller than 3 cm are usually

hypoechoic, homogenous and with well-defined margins,

lesions [3 cm appear most often inhomogeneous, for the

alternation of areas of necrosis, hemorrhage, and interstitial

fibrosis. When visible, the capsule appears as a hypoechoic

rhyme [33]. Similarly, at MRI, visualization of HCC is

influenced by many factors (composition of the lesion, size,

vascularity, state of the perilesional parenchyma), which

tend to vary from subject to subject: Typically, HCC is

hypointense on T1 and hyperintense on T2; however, the

presence of glycogen, clear cell, copper or fatty degener-

ation, is the basis of the considerable signal variability of

HCC [34]. The significant technological development in

recent years, with the validation of contrast-enhanced

ultrasound (CEUS) imaging, the spread of multidetector

CT and the development of liver-specific contrast agents

and high spatial and temporal resolution sequences in MRI,

has greatly increased the sensitivity and specificity of

imaging methods, making the diagnostic angiography

examination obsolete and the use of biopsy increasingly

rare. Anyway, if the radiological imaging features on the

dynamic studies do not coincide, an image-guided core

biopsy can be considered. Consequently, while in 2000 the

histological examination was recommended for the diag-

nosis of HCC, the 2005 guidelines recommend biopsy only

in cases of lesions with contrast-atypical pattern, therefore

lacking the typical impregnation in the arterial phase and

washout in the portal phase [27]. These nodules may in fact

be an expression of what has recently been described as

very early HCC in which only a few foci of neoplastic

degeneration are histologically recognized and early

treatment could significantly increase patient’s survival. An

interesting study evaluated the diagnostic accuracy of CT

and MRI of cirrhotic livers with lesions suspicious for

HCC, subsequently subjected to removal and transplanta-

tion, documenting a higher diagnostic accuracy of MRI

over CT in the identification of HCC nodules sized

between 1 and 2 cm [35].

Staging

The purpose of the staging of neoplastic diseases is to

cluster patients into distinct groups so as to identify the

most appropriate therapeutic strategy, define an estimate of

prognosis, and provide a valuable tool for evaluating the

results of treatment. Unlike most other cancers, for which

the staging systems are well codified and universally

accepted, in HCC, the proposed systems are not shared by

all. One of the reasons that render difficult the staging of

HCC is related to the fact that in almost all cases, this

cancer occurs in patients with liver cirrhosis. Therefore, the

staging must take into account the severity of the under-

lying disease, which most often impacts prognosis.

According to EASL Guidelines [29], an appropriate staging

of HCC should take into account four main aspects: tumor

characteristics, liver function, general condition of the

patient, and therapeutic perspectives for each individual.

An evaluation of the underlying hepatic function, using the

Child–Pugh scoring system (bilirubin, albumin, prothrom-

bin time, ascites, and encephalopathy) and the MELD score

(creatinine, International Normalized Ratio, bilirubin),

should represent the preliminary phase in assessing HCC

patients and allows patient stratification and prognostic

estimation based on the degree of hepatic function

impairment [6]. The Child–Pugh classification is the most

widely used classification for the evaluation of hepatic

impairment alone, but the main flaw is represented by the

lack of predictive ability, related to the fact that it does not

take into account the clinical and biochemical variability of

the disease. One of the staging systems for HCC is the
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TNM system, now in its sixth revision, which has two main

limitations: It does not include liver function tests and

requires invasive procedures. The first system of classifi-

cation of HCC was proposed by Okuda in 1985, and it

included variables assessing liver function in association

with tumor size. In this system, however, important

parameters such as the unifocality or multifocality of the

tumor, vascular invasion, and the presence of extrahepatic

localizations were not included, and it not adequately dis-

tinguished HCC in the initial stage from the advanced one.

The staging system of Cancer of the Liver Italian Program

(CLIP) was created using a database of 435 patients with

the aim of overcoming the TNM and Okuda classifications.

Compared to the latter, CLIP staging system showed

greater accuracy and greater ability to discriminate

homogeneous groups [36]. Currently, the most widely used

staging is the Barcelona Clinic Liver Cancer (BCLC), the

only one that takes into account the aforementioned four

aspects (tumor characteristics, liver function, general con-

dition of the patient, and therapeutic perspectives for each

case) [37], which, although has room for improvement, is a

valuable tool to include the patient in most appropriate

therapeutic option. This classification uses variables related

to tumor stage (single or multiple nodules, size, portal

invasion, positive lymph node, presence of metastasis),

hepatic function (Child–Pug score), and disease-related

symptoms (performance status) and outlines five stages

(stage 0, A, B, C, and D), which are flanked by different

therapeutic protocols [27]. It is particularly effective in the

selection of patients with HCC at an early stage (stage A)

who undergo curative treatment, such as surgical resection,

liver transplantation, or local ablative therapies. This

staging system although widely accepted and used in

clinical practice as a guideline both for the treatment of

HCC and for scientific and clinical purposes for stratifi-

cation of HCC patients in prospective clinical trials has

limitations in defining optimally the various possible clin-

ical situations and the appropriate treatment, does not

clearly indicate whether patients in Child–Pugh class C

with small HCC are candidates for transplantation or not

[38], and does not differentiate in a comprehensive manner

class B patients by those of class C.

The genomic landscape of hepatocarcinogenesis

The genomic background of HCC has not been entirely

discovered, and knowledge of genetic aberrations involved

in hepatocarcinogenesis allows finding new strategies for

HCC-targeted therapy. Genetic drivers frequently altered

take part in different signaling pathways comprising

telomere maintenance, cell cycle regulators, chromatin

remodeling, Wnt/b-catenin, RAS/RAF/MAPK kinase, and

AKT/mTOR pathway. HCC onset and progression are

related to molecular signatures from cirrhotic livers and

single nucleotide polymorphism, and personalized clinical

decision making to improve survival of HCC patients

needs a translational approach, particularly in patients with

refractory advanced/metastatic HCC referred for experi-

mental therapies. HCC is a complex disease hallmarked by

genomic diversity and classification of high-risk popula-

tions with a poor prognosis related to early tumor recur-

rence due to metastasis and late tumor recurrence due to de

novo carcinogenesis after curative treatment would be

valuable to design chemopreventive trials or to target

cancer genes by biotherapies and tumor-specific suicide

gene therapy [39–43]. Molecular profiling of HCC permits

the progress of novel approaches to disease diagnosis,

prognosis prediction, and treatment management as a

paradigm of stratified medicine adapted to tumor biology

through integration of clinical staging systems and

molecular-based information to support clinical decision

making. For up-to-date and comprehensive description of

the molecular mechanisms involved in hepatocellular car-

cinogenesis, refer to some recent articles [44–52].

Natural history and prognosis

Until recently, the prognosis of HCC was poor. Many

patients died within a year of diagnosis regardless of

treatment strategy. In developed countries, this result has

changed due to early diagnosis possible today in approxi-

mately 30–40 % of patients who may therefore benefit

from curative treatments. Therefore, on the basis of the

BCLC classification, we can distinguish 5 stages: (i) very

early stage (stage 0); (ii) early stage (stage A); (iii) inter-

mediate stage (stage B); (iv) advanced stage (stage C); and

(v) end-stage (stage D).

HCC in very early and early stage (BCLC stage 0

and A)

The natural history of HCC at an early stage is unknown

because nearly all subjects are treated in this phase [53].

Up to 10 years ago, the best survival was 65 % at 3 years

for class Child–Pugh A patients with a single tumor [54].

At present, a 5-year survival of 50–70 % is reported [55].

The prognosis in early stage is linked to the state of the

tumor, the liver function, and the treatment used. The status

of the tumor is defined by the size of the nodule and the

multicentricity. Liver function is particularly relevant to

the choice of the most appropriate treatment. Among

patients in Child–Pugh class A undergoing resection, pos-

itive predictors of survival were bilirubin concentration

\17.1 lmol/L, absence of portal hypertension (hepatic

Clin Exp Med (2016) 16:243–256 247
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venous pressure gradient \10 mmHg), and indocyanine

green (ICG) retention rate at 15 min \20 % [56]. The

definition of early HCC has changed over time. Until a few

years ago was described as an early tumor smaller than

5 cm in diameter; subsequently, also multiple nodules were

considered early HCC, in the maximum number of 3, each

with a diameter of \3 cm. However, clinical and patho-

logical data dispute this definition, as the response to

treatment and survival in this group of patients is variable,

and the term early HCC actually covers different stages

with a heterogeneous biological behavior. For example, the

rates of complete response after percutaneous treatments

vary according to the size of the nodule (90–100 % in the

tumors of 2 cm, 50 % in the tumors of 5 cm) [57]. The

same thing happens for the survival rates. We must also

consider that the possibility to identify small tumors has led

to the definition of very early HCC, which from a patho-

logical point of view refers to carcinoma in situ, that is, to a

well-differentiated HCC that contains bile ducts and portal

vessels of nodular form and, as by definition, which has not

yet invaded any structure, and which usually has a diameter

\2 cm. You should be aware that the invasion by the

tumor is a phenomenon independent of the size of the

nodule. So you may incur in tumors smaller than 2 cm,

which behave as carcinoma in situ or already scattered.

Some authors have differentiated ‘‘indistinct nodular’’-type

HCC (average size of 1–2 cm), with no local invasion, the

‘‘distinct nodular’’ type (average size of 1–6 cm), with

local invasiveness. In the indistinct nodular type, local

metastases were observed around the nodule in 10 % of

cases, and microscopic portal invasion in 25 %. Although

both types have been identified at the ultrasound exami-

nation, the indistinct type appears hypovascular on CT,

while the second type appears hypervascular. This corre-

lation between radiological and pathological anatomies

agrees with the finding that early cancers have portal vas-

culature without the typical hypervascular pattern visible in

the dynamic study. The very early identification of HCC

(very early stage) is extremely important because these

patients, if properly treated, have a especially favorable

prognosis, with 5-year survival of 89–93 % after surgical

resection [58–60] and 71 % after percutaneous treatment

[59], compared with 71 and 54 %, respectively, in patients

with conventional early HCC (early stage) smaller than

2 cm [55]. Moreover, very early HCC does not tend to

recur after curative treatment of HCC differently from the

traditional type smaller than 2 cm (8 versus 74 % at

3 years) [60]. Clearly, these tumors should be distinguished

from nodules of high-grade dysplasia, for which there is no

general agreement on histological criteria to be applied.

The neoplastic invasion of the portal vessels within the

tumor might help identify the malignant nature of the very

early cases, but in the future molecular analysis could

become the optimal tool. In the scientific literature, how-

ever, are not reported randomized trials comparing surgical

resection, transplantation, and thermal radio-frequency

ablation (RFA) or percutaneous alcohol injection in early

HCC; recent study projects designed to compare resection

and RF ablation failed in Italy and Japan. Therefore, there

is not a firm and established scientific eviFrom this expe-

rience, howeverdence on what is the best radical treatment

for a patient suffering from early HCC with preserved liver

function. However, numerous not randomized cohort

studies have shown that resection and transplantation reach

excellent results of survival (60–70 % at 5 years) in well-

selected patients and are therefore regarded as first-choice

treatment of early HCC [61, 62].

Intermediate- and advanced-stage HCC (BCLC

stage B and C)

In the majority of patients, HCC is diagnosed in interme-

diate and advanced stages, thus precluding the use of

radical therapies. The natural course and prognostic factors

that define these stages are now quite well known in

comparison with past decades when the patients had a

prognosis of approximately 1 year after the diagnosis of

HCC [63]. Survival rates at 1 and 2 years in 25 randomized

controlled trials in which patients received no treatment

were, respectively, 10–72 % and 8–50 % [61]. The wide

variability emphasizes the heterogeneity of the population

with HCC not candidate for surgery and the need to break it

down into subcategories. For this purpose, Llovet et al.

enrolled a cohort of 102 patients from two untreated con-

trol groups, recruited among patients of randomized con-

trolled trials. The survival at 1, 2, and 3 years was 54, 40,

and 28 %, respectively. The independent prognostic factors

were the presence of cancer-related symptoms (perfor-

mance status 1–2) and the presence of vascular invasion or

extrahepatic dissemination. The survival among patients in

the intermediate stage (asymptomatic, noninvasive pattern)

at 1, 2, and 3 years was 80, 65, and 50 %, while among

those with advanced disease (symptomatic, with invasive

pattern or both), the survival was 29, 16, and 8 %. The

concentration of AFP and alkaline phosphatase, the Child–

Pugh class, and the presence of ascites could further clarify

the prognosis [62].

HCC in end-stage (BCLC stage D)

A high percentage of patients is still identified with

symptoms related to cancer in terminal phase, especially in

Asian and African countries where monitoring programs

are not possible for logistical and economic reasons, and

their prognosis is poor, with a life expectancy of

\3 months.
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Treatment options

Currently, the choice of the therapeutic strategy to be

adopted in patient with HCC is mainly based on the EASL

guidelines [27] and the BCLC staging [37]. According to

this algorithm, patients with early-stage HCC may benefit

from curative treatments, comprising hepatic resection,

liver transplantation, percutaneous radio-frequency abla-

tion (RFA), or percutaneous ethanol injection (PEI) [61,

64, 65]. In case of HCC in the intermediate and advanced

stages, patients may be amenable to palliative treatments,

in order to increase survival, and/or could be included in

prospective studies, especially if randomized controlled

trials, in order to be able to identify therapies more

appropriate to achieve an increase in survival.

HCC in very early or early stage: healing treatments

It is estimated that at the time of diagnosis, approximately

30–40 % of patients with HCC in the Western world can

benefit from curative treatment [61]; in Japan, this per-

centage reaches 60–90 %, thanks to the spread of surveil-

lance programs and a wide application of the treatments

[55]. Since, for ethical reasons, it is not possible to carry

out a study that compares the main curative treatments, no

solid evidence establishes which is the optimal treatment

for patients with early-stage disease. Non-randomized

cohort studies report 5-year survival rates of 60–70 %, in

carefully selected patients, with results essentially matched

for hepatic resection, orthotopic liver transplantation, and

percutaneous ablative treatments (thermal ablation RF,

PEI, laser therapy) [64, 65]. The selection of the patient

remains the critical factor for obtaining an appropriate

clinical outcome in the long term. According to the data

available today can in fact benefit from curative treatment

patients with single nodule\5 cm or with\3 nodules each

\3 cm [66]. These criteria are, however, currently under

discussion.

Surgical resection

Hepatic resection is the treatment of choice in noncirrhotic

patients with HCC, accounting for about 5 % of patients

with HCC in the Western world and 40 % in Asia (Bruix,

2002). Hepatic resection offers excellent results in cirrhotic

patients with well-preserved liver function and with single

nodule. The classification of Child–Pugh class A is not

sufficient alone to identify patients who are candidates for

resection and must be supported by additional indicators.

Very restrictive selection criteria are in fact required to

avoid complications related to treatment, especially related

to liver failure. The minimal critical size of remnant liver

after resection is 25 % in presence of normal liver and

50 % in patients with cirrhosis [67]. Japanese researchers

have used the ICG retention rate at 15 min to identify the

best candidates, while in Europe the values of portal

pressure and bilirubin are used [68, 69]. It was therefore

identified the so-called Child–Pugh hyperclass A: patients

with asymptomatic HCC, normal bilirubin, and no signs of

portal hypertension. According to these criteria, approxi-

mately 5–10 % of patients with HCC may benefit from

hepatic resection, with an operative mortality of \1–3 %,

less need for blood transfusions in 10 % of cases, and 70 %

survival rates at 5 years. The main complication in the

follow-up after resection is tumor recurrence, which occurs

in about 70 % of cases at 5 years. Recognized predictors of

recurrence following resection are the presence of

microvascular invasion, poor histologic differentiation, and

multiplicity of tumors with presence of satellite lesions

predict the occurrence of relapses. Some strategies were

evaluated for the prevention of post-surgical recurrence:

Adoptive immunotherapy, chemoembolization, or adjuvant

chemotherapy has not demonstrated any benefit, while the

internal irradiation with 131 I-labeled lipiodol and inter-

feron therapy have shown promising results [70–73].

Orthotopic liver transplantation

HCC is the only solid tumor in which the graft has an

important role and has in fact completely changed the

therapeutic strategy of HCC. It has the advantage, com-

pared to surgery, to remove the cirrhotic liver with the

tumor itself, thus eliminating the underlying disease.

Unfortunately, this theoretical superiority is faced with the

scarcity of donors and the consequent need to carefully

select patients for transplantation. In addition, in the patient

on the waiting list, the cancer may progress and preclude

the intervention (dropout). The broad selection criteria

applied two decades ago led to poor results, because of the

frequent recurrences (32–54 %) with 5-year survival

\40 % [74]. From this experience, however, were derived

the data useful for identifying the best selection criteria in

order to transplant only patients who can really benefit

from it, with a significant increase in survival [75]. These

criteria, although still under discussion, are represented by

the presence of a single nodule\5 cm or\3 tumor nodules

with a diameter\3 cm each (the so-called Milan criteria)

[66]. Their adoption is associated with a 5-year survival of

70 % with recurrence rates of\15 %. Some studies based

on the examination of the explanted liver have suggested

that these criteria could be expanded, but this decision

should be based on a sound analysis of imaging data at the

time of the therapeutic indication rather than pathological

anatomy data that become available only when the opera-

tion is finished. However, many authors have proposed to
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expand the criteria for patients with HCC with the possi-

bility therefore of increasing the survival, including among

the possible new selection criteria the presence of a single

tumor\7 cm or 3 nodules below 5 cm, 5 nodules\3 cm,

and finally evidence of tumor regression after locoregional

treatment [76]. The most important problem in patients

with HCC candidates for transplant is time on the waiting

list, which often exceed 12 months, given the scarcity of

organs, resulting in dropout from the list caused by tumor

progression in approximately 20–50 % cases. The problem

of dropouts was also addressed by the use of adjuvant

treatments such as intra-arterial chemoembolization in

patients waiting for transplantation to prevent tumor pro-

gression. However, the real effectiveness of adjuvant

therapies in pretransplant is still the subject of debate [77,

78]. The living donor transplantation is emerging as an

alternative to cadaveric transplantation, to increase the

availability of organs. However, enthusiasm for living

donor transplantation is mitigated by the need for highly

specialized surgical team, given the considerable com-

plexity of the intervention, with rates of perioperative

morbidity of 20–40 %; also, the mortality of the donors is

0.3–0.5 % [79].

Radiofrequency thermoablation/percutaneous ethanol

injection

The treatment of HCC by percutaneous ablative techniques

has been an important progress made by the interventional

radiology and changed the therapeutic approach to patients

not candidates for transplantation. The percutaneous alco-

holization (percutaneous ethanol injection, PEI) was the

first technique used: It consists of the intratumoral injection

of ethyl alcohol, producing coagulative necrosis, as a

consequence of cellular dehydration, denaturation of pro-

tein, and chemical occlusion of tumor small vasculature. It

is generally performed under ultrasound guidance, which

allows for real-time assessment of the diffusion of alcohol

into the tumor while avoiding an excessive spreading

outside of the margins of the lesion. The therapeutic pro-

tocol involves running 4–6 sessions of alcoholization with

a frequency of once or twice a week. The number of ses-

sions, as well as the amount of ethanol injection, varies in

relation to the size of the lesion, the type of perfusion, and

the tolerability of the patient. Typically, PEI is a well-

tolerated treatment, easy to perform, inexpensive, with few

side effects, and with a high antitumor efficacy, in partic-

ular in single and small size nodules [80], with survival

rates of 47–79 % at 3–5 years for tumors \5 cm in

diameter [81]. The major limitation of PEI is represented

by the high rate of local recurrence, which can reach 33 %

in lesions smaller than 3 cm and 43 % in lesions larger

than 3 cm [82–85]. This is attributable to the uneven

diffusion of ethanol within the lesion, resulting in inade-

quate positioning of the needle and/or the presence of

intratumoral septa, as well as to the limited effects on

extracapsular spread of neoplastic cells. Furthermore, PEI

is not able to create an ablation margin of safety in the liver

parenchyma surrounding the lesion, where satellite nodules

are most frequently located. Currently, PEI is therefore

indicated in patients with HCC at an early stage, when

neither transplantation nor surgical resection is a feasible

option. Alternative methods of tumor ablation were

developed, with the use of microwave, laser, or radio fre-

quency (RF), with the aim to increase the antitumor effi-

cacy of percutaneous treatments, in terms of tumor

necrosis. RF ablation is the method currently most used in

the treatment of hepatocellular carcinoma, with promising

results [86]. The purpose of RF ablation is to cause thermal

tissue damage through deposition of electromagnetic

energy. The cells subjected to thermal damage undergo

coagulation necrosis during the days following treatment.

To achieve effective destruction of the lesion, the entire

tumor volume must be subjected to cytotoxic temperatures

including a surrounding area of apparently healthy tissue of

0.5–1 cm, to eliminate any microscopic foci of disease and

compensate for the uncertainty that often exists as to the

actual location of the tumor margins. In the course of the

first experiences with RF, the major limitation was repre-

sented by the small volume of ablation induced by con-

ventional electrodes. These devices were capable of

producing ablation zones of cylindrical shape not exceed-

ing 1.6 cm [87]. Multiple sessions were then required to

treat even small lesions. Subsequently, numerous strategies

have been developed to increase the ablation volume

obtainable with RF, for example, by optimizing the pro-

duction of heat and minimizing the dispersion within the

area to be treated [88] or through the introduction of new

needle-electrodes with more tips. RF can achieve response

rates similar or even superior to PEI in fewer sessions and

seems more effective than PEI in tumors larger than 3 cm

[86, 89]. In a randomized study of 104 patients with HCC

at an early stage, it was found that RF ablation appears to

be associated with a disease-free survival rate higher than

PEI [86]. However, even with this treatment, tumor

recurrence is high, similar to that obtainable after surgical

resection (50 % at 3 years and[70 % at 5 years).

HCC in intermediate–advanced stage: precision

TACE and TACE

Surveillance programs have increased the percentage of

patients who are diagnosed with HCC at an early stage,

although in half of the patients the disease continues to be

diagnosed at an intermediate–advanced stage, no longer

indicating curative treatments. Nowadays, the optimal
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treatment of HCC in the intermediate–advanced phase

represents the subject of extensive debate, within a scenario

represented by multiple systemic or locoregional thera-

peutic alternatives, which have the purpose of inducing

tumor necrosis, thus slowing the progression of disease and

possibly improving survival.

TACE (transcatheter arterial chemoembolization)

In this context, selective embolization with (TACE) or

without (TAE) intra-arterial (hepatic artery) injection of

chemotherapeutic drugs represents a possible treatment

strategy, with demonstrated possibility of obtaining an

objective tumor response of 16–60 % resulting in an

increase in survival of 10–50 % [90, 91]. TACE, described

for the first time by Kato et al. in 1981, consists in con-

veying a mixture composed of one or more cytotoxic drugs

and an oily medium (usually Lipiodol) through an intra-

arterial catheter in more or less extensive areas of hepatic

parenchyma with HCC followed by mechanical occlusion

(embolization) of the afferent vessels. The rationale of

TACE method is based on the peculiar characteristic of the

HCC nodule to be preferentially perfused by branches of

the hepatic artery, unlike the nontumor liver parenchyma

that receives more than 70 % of blood perfusion from the

portal vascular branches. It is therefore possible to selec-

tively attack the tumor nodule through the arterial approach

sparing the remaining liver parenchyma and thus reducing

local and systemic side effects. The block of the arterial

circulation through embolization favors the stagnation of

chemotherapy in neoplastic nodules, slowing down the

washout, and simultaneously causes sudden intralesional

ischemia, which favors the necrosis and at the same time

increases the cytotoxic effect of the anticancer agent for

hypoxic effect. Necrosis induced by TACE therefore

derives from the synergistic effect of high concentrations

of drug within the diseased tissue and ischemia, which

works inducing damage to tumor tissue and allowing the

prolonged action of the drug in the target lesions. Recent

research has shown that many cytotoxic drugs are actively

expelled from the tumor cell with the aid of a specific ATP-

dependent glycoprotein, produced by a multidrug resis-

tance (MDR) gene, linked to drug resistance of tumor

strains: Probably, ischemia induced by TACE also acts on

this specific mechanism. The oily medium (Lipiodol) used

in cytotoxic mixture is taken up preferentially into tumor

cells where it concentrates from 3 to 5 times higher than in

nontumor parenchyma, remaining in the tumor up to a few

weeks or months, mainly due to a slow elimination for the

absence at that level of the lymphatic vessels and reticulo-

endothelial cells. In this way, it is possible to achieve in the

tumor tissue drug concentrations 10–100 times higher

compared to systemic chemotherapy. Some authors still

consider Lipiodol an embolizing material; however, there

is no evidence of its ability of embolizing and can only be

considered a carrier for transporting the chemotherapy into

the tumor. Studies comparing the effectiveness of TACE

and RFA in patients with small single-nodule HCC have

evidenced that TACE is an effective treatment permitting

to attain long-term survival rates comparable to those with

RFA and may be a feasible choice when RFA is not fea-

sible [92, 93].

Chemotherapeutic agents used for TACE

Several chemotherapeutic agents used for TACE are

reported in the scientific literature, and the chemotherapy

regimen used may comprise a single chemotherapeutic

drug, two drugs, or three drugs. The most widely used

agent in monotherapy is doxorubicin (epirubicin), followed

by cisplatin, mitoxantrone, and mitomycin C. Two differ-

ent types of double therapy are used, doxorubicin plus

mitomycin C and doxorubicin plus cisplatin and a triple

therapy (doxorubicin plus cisplatin plus mitomycin C). At

present, there is no scientific evidence of the superiority of

any chemotherapy agent used in monotherapy or in com-

bination with the TACE [94].

Radioembolization

A different form of hepatic arterial therapy, applicable also

in patients with portal vein thrombosis [95], is represented

by transarterial radioembolization (TARE) with intra-ar-

terial injection of yttrium-90 microspheres (Y-90) existing

as glass (TheraSpheres; Theragenics Corp., Ottawa,

Canada) or resin (Sirtex; Sirtex Medical, Wilmington, MA,

USA), distributed to single or multiple segments through

selective arterial cannulation, and preferably retained in the

tumor capillary bed as a result of their small size

(20–60 lm) [96]. The microspheres induce tumor necrosis

by microscopic embolization, occluding the tumor capil-

lary bed, and by radiation, transporting up to 150 Gy of b
radiation to the neoplastic tissue with a half-life of 62 h and

action radius of up to 1 cm, and fairly sparing the con-

tiguous nontumor tissue [97]. Pre-treatment procedures

comprising an angiogram and a macroaggregated albumin

scan are necessary for patient selection, to perform pro-

phylactic embolization if variant anatomy is identified to

avoid nontarget delivery of Y-90 and to confirm that hep-

atic artery-to-lung shunting is\16 % to prevent lung injury

[98]. Gastrointestinal ulcerations, pancreatitis, pneumoni-

tis, and cholecystitis represent possible complications

caused by nontarget delivery of Y-90 [99]. Controlled data

comparing TARE with TACE and evaluating impact on

survival in intermediate-stage HCC patients evidenced that

both treatments resulted in similar survival probabilities

Clin Exp Med (2016) 16:243–256 251

123



despite more advanced disease in the TARE Y-90 group,

which was better tolerated and associated with less hospi-

talization and treatment sessions [100]. Interestingly, in

cirrhotic patients with intermediate–advanced or not-

otherwise-treatable HCC, sorafenib and TARE have been

shown to provide similar survivals, and down-staging

allowing liver transplantation only occurred after TARE

[101].

HCC in advanced stage (N1, M1, portal invasion, PST1-2):

Sorafenib and beyond

Not all of the advanced-stage HCC can be subjected to

TACE. HCC at an advanced stage with extrahepatic

metastases (M1) and/or lymph node metastases (N1) and/or

portal invasion established by imaging techniques and/or

hepatic impairment (performance status 1–2), which make

up about 40–70 % of the total population of HCC patients,

according to the guidelines of the BCLC, should be treated

with systemic chemotherapy. Until 2005, no chemotherapy

was effective in the treatment of advanced-stage HCC with

TACE contraindication: various systemic therapies,

including chemotherapy (doxorubicin, epirubicin, cisplatin,

etc.), hormonal compounds (anti-estrogens, anti-androgens,

octreotide), immunotherapy (interferon), and other drugs

such as nolatrexed or seocalcitol—an antiproliferative

molecule similar to vitamin D—have yielded negative

results [102]. However, in recent years, cancer research had

provided encouraging results with molecular therapy.

Among these, Sorafenib (Nexavar), a multikinase inhibi-

tory molecule that blocks the signal transmitted by various

growth factors (Raf-1, B-Raf, VEGFR2, PDGFR, c-Kit),

showed antiproliferative and antiangiogenic capacity

toward HCC in vitro and in animal models, leading in 2006

to the first phase II clinical study that showed a potential

clinical benefit in advanced-stage HCC [103]. Then in 2008

came the excellent results of the SHARP trial, a phase III

clinical trial conducted on 602 patients with advanced

HCC, who was arrested for the obvious superiority in terms

of survival of the sorafenib group (n = 299) compared to

placebo (n = 303). The study showed a sorafenib/placebo

hazard ratio of death of 0.69, expression of a 31 %

reduction in the risk of death with a median survival of

10.6 months in the sorafenib group compared with

7.9 months in the placebo group [104]. Similar and

encouraging results in terms of survival have come from

another phase III randomized clinical trial of sorafenib

versus placebo, conducted in the Asia–Pacific region on

226 patients with HCC at an advanced unresectable or

metastatic stage [105]. To date, therefore, Sorafenib ranks

as the undisputed drug of choice in the treatment of HCC at

an advanced stage that may not be treated with TACE and

showing HCC progression after locoregional therapies.

Besides, retrospective and randomized studies have sug-

gested that the combined use of Sorafenib, TACE, and

RFA may be useful in patients with unresectable HCC

[106, 107]. In particular, in a retrospective study, a thera-

peutic approach with curative intent for all detectable

lesions in patients with BCLC stage 0-B1 HCC comprising

of Sorafenib combined with RFA was evaluated for effi-

cacy [108]. The study involved 128 HCC patients: 64

patients were treated with Sorafenib plus RFA and 64

patients were treated with RFA alone; the primary end-

point of the study was the incidence of post-RFA HCC

recurrence, whereas secondary end-points were overall

survival (OS) and treatment toxicity. Combined therapy

with Sorafenib and RFA was associated with a lower

incidence of post-RFA recurrence and better OS than RFA

alone, whereas no statically significant difference was

evidenced in morbidity and mortality and the two groups

had similar Dindo–Clavien class complications [108].

Besides, the final results of the START trial, a phase II,

investigator-initiated, prospective single-arm multinational

study that evaluated sorafenib in combination with dox-

orubicin-based transarterial TACE in patients with inter-

mediate-stage, unresectable HCC, evidenced that

TACE/sorafenib cycles repeated every 6–8 weeks were

well tolerated, and 52.6 % of patients achieved complete

response in target lesions; 16.8 % achieved partial

response, and 5.8 % had progression of disease as their best

response, assessed by modified response evaluation criteria

in solid tumors (RECIST). Median progression-free sur-

vival and time to progression were 384 and 415 days,

respectively, and the estimated 3-year overall survival was

86.1 % [109].

HCC in terminal phase: symptomatic treatment

HCC patients in terminal phase have no benefit from the

aforementioned treatments, and there is only indication for

palliative/support therapy and psychosocial intervention in

order to relief symptoms, to provide to patients a final less

painful disease, and to improve health-related quality of

residual life [110].

Conclusion

HCC represents an important cause of cancer-related

mortality worldwide and imposes a huge social and eco-

nomic burden on healthcare systems. HCC treatment out-

comes are influenced by a number of variables, comprising

liver function, patient’s performance status, and tumor

stage. In recent times, improved surveillance programs

have allowed detection of the disease at earlier stage and

increased therapeutic options have advanced patients’
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survival. Curative therapies, such as liver transplantation,

surgical resection, or ablative therapies; locoregional

therapies, such as radio-frequency ablation, percutaneous

ethanol injection, and transcatheter arterial chemoem-

bolization; molecular-targeted agents such as sorafenib,

gene therapy, and immunotherapy represent the treatment

strategies exploitable depending on tumor size, number,

and location, as well as anatomical and functional param-

eters. The progressive unveiling of genomic changes

underlying hepatocarcinogenesis would allow better strat-

ification of risk of developing HCC and more precise

selection of patients for targeted therapy according to

individual molecular signatures.
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