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Abstract
Hepatocellular carcinoma (HCC) is the leading cause of deaths in cirrhotic patients and the third cause of cancer related deaths. Most HCC are associated with well known underlying risk factors, in fact, HCC arise in cirrhotic patients in up to 90% of cases, mainly due to chronic viral hepatitis and alcohol abuse. The worldwide prevention strategies are conducted to avoid the infection of new subjects and to minimize the risk of liver disease progression in infected patients. HCC is a condition which lends itself to surveillance as at-risk individuals can readily be identified. The American and European guidelines recommended implementation of surveillance programs with ultrasound every six months in patient at-risk for developing HCC. The diagnosis of HCC can be based on non-invasive criteria (only in cirrhotic patient) or pathology. Accurately staging patients is essential to oncology practice. The ideal tumour staging system in HCC needs to account for both tumour characteristics and liver function. Treatment allocation is based on several factors: liver function, size and number of tumours, macrovascular invasion or extrahepatic spread. The recommendations in terms of selection for different treatment strategies must be based on evidence-based data. Resection, liver transplant and interventional radiology treatment are mainstays of HCC therapy and achieve the best outcomes in well-selected candidates. Chemoembolization is the most widely used treatment for unresectable HCC or progression after curative treatment. Finally, in patients with advanced HCC with preserved liver function, Sorafenib is the only approved systemic drug that has demonstrated a survival benefit and is the standard of care in this group of patients. 
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Core tip: Liver cancer is the fifth leading cause of cancer worldwide, and the third-leading cause of cancer death. Altouhg some risk factors have been classically associatedwith development of hepatocellular carcinoma (HCC), in the last years, also, some protective factors have been described, like coffee drink, and drugs like statins and beta-blockers. The current EASL and AASLD guidelines recomended the BLCL classification as staging system for prognosis prediction and treatment allocation The therapeutic approach in patients with HCC depends on factors such as liver function, tumour extension and comorbidities existence. Available treatments are: Surgical treatments, percutaneous ablation, chemoembolization, radioembolization and systemic treatment.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading cancer in the world. It is an important health problem especially in high incidence areas. Nowadays the global incidence is still growing, but with the development of hepatitis B vaccine and the new therapies in hepatitis C virus (HCV), a gradual decline in the incidence is expected in the next decades. Another important issue is the high mortality of the patients with this tumour. In spite of well established surveillance programs in patients with chronic liver disease, most tumours are diagnosed in intermediate-advanced stage, and only palliative measured can be applied.
In the next pages we will review the risk factors associated with the development of HCC, the new advances in diagnosis imaging, the main prognosis classification and finally the therapeutic approach.

EPIDEMIOLOGY
Liver cancer is the fifth-leading cause of cancer diagnosed in men worldwide[1], and the seventh cause of cancer in women, representing about 7% of the total number of cancer diagnoses. Globally, liver cancer is the third-leading cause of cancer death, after lung and stomach[2,3]. The annual incidence of HCC is similar to the deaths per year that it generates, which point out the aggressiveness of this disease[1].
The HCC incidence increases progressively with advancing age in population with a peak at the age of 70-year-old[4]. In Chinese and black African population, mainly infected with hepatitis B virus (HBV), the patient are younger, and in Sub-Saharan Africa (an area with a high incidence of HBV infection) can appear in the third decade of life[5,6]. 
The incidence of HCC is highest in men, with a male to female ratio of 2.4 and this difference is even higher in populations with a high incidence of HCC, with an average of 3.7 to 1[3]. The differences in the geographical distribution of HCC reflects the differences in exposure to the hepatitis viruses and different environmental pathogens, so the incidence is highest in East Asia, sub-Saharan Africa and Melanesia, with 85% of the total number of cases[2,3], while in most industrialized countries the incidence is low, except in the South of Europe [7]. Globally there is a growing incidence of the number cases of HCC, even in United States of America and Europe, mainly due to the high number of people infected with the virus of HCV in these areas[3]. The universal vaccination against HBV in children born after 1980 in some endemic countries has decrease the rate of HCC in children and it is expected a reduction of the incidence of this tumour in the future in these areas[8,9].

ETIOLOGY AND RISK FACTORS
Multiple risk factors have been associated with the development of HCC, being the most frequent chronic viral hepatitis (B and C), alcohol abuse, and exposure to aflatoxins, however, this can occur in people without any known risk factor[10].
Geographically in Africa and East Asia, the most frequently risk factor associated with HCC is chronic HBV infection, while in Western countries, HCV infection is the main risk factor[2]. Overall 54% of cases could be attributed to HBV infection, 31% to HCV infection and 15% to other causes. Cirrhosis is the main risk factor for the development of HCC and about 30%-35% of all cirrhotic patients will develop HCC in the course of their disease, which may be due to chronic viral hepatitis, alcohol, hereditary metabolic diseases, or autoimmune and non-alcoholic fatty liver disease[11]. It is estimated that the annual risk of developing HCC in the cirrhotic patients is between 1%-8% according to the aetiology[12]. The risk of developing HCC increases progressively in male patients, with advanced age, low platelet count, and oesophageal varices[13], as well as it has also been associated with increasing pressure portal[14], or with the degree of liver stiffness measured with transient elastography[15-17].
 

Viral hepatitis
HBV and HCV Chronic infection are the main risk factor for the development of HCC[18-21]. The higher prevalence of HBV infection occurs in China, Southeast Asia and sub-Saharan Africa[8,21]. Globally, it is estimated that 54% of all liver cancers are attributable to HBV infection[22]. The prevalence of HCV infection is higher in Egypt, Japan and the South of Italy[21].
The development of HCC associated with HBV infection usually occurs in patients with cirrhosis, but it can appear in patients without cirrhosis[5,23-28]. So screening for HCC will be recommended in this group of patients. Some risk factors for the development of HCC have been identified in patients with chronic HBV infection: the presence of hepatitis virus e Antigen (as an indicator of viral replication)[28], high viral load[29], genotype C (which is the most prevalent in Asia)[30] and infection in early childhood or perinatal period[31-33]. Several studies have demonstrated that the treatment of chronic HBV hepatitis with interferon or nucleotide analogues (suppressing viral load) reduces the relative risk of developing HCC[31,34-43], but these benefits have not been observed in patients who develop resistance to the treatment. Some studies suggest that patients co-infected by HBV and HCV have greater risk of developing HCC[44-46]. 
There is a very well known association between HCV chronic infection and the development of HCC, in fact, the risk of developing HCC in these patients increase between 20 and 30 times[21,47-49]. In very few cases it may occur in patients with HCV infection and lower grades of hepatic fibrosis[13,54]. High viral loads and HCV genotype 1b infection have been associated with higher risk of HCC occurrence[51]. The levels of inflammatory markers of oxidative stress are higher in patients infected with HCV and HCC[52] and the immune response can be another cofactor in the progression from cirrhosis to HCC in HCV infected patient[53]. In patients with HVC infection who achieve sustained viral response after treatment, there is a decrease in the risk of HCC[54,55]. The universal analysis of blood donations for anti-HCV has resulted in a substantial decrease in the number of cases of hepatitis C in blood donors and the use of needles and disposable syringes and other changes in medical procedures have substantially reduced new infections by HCV. As well as HCV and HBV co-infection may increase the risk of developing cirrhosis and HCC[56], the HIV infection appears to be a cofactor that increases the risk of developing HCC in cirrhotic patients with viral hepatitis[57].

Schistosomiasis
The infection by trematode in blood is endemic in tropical areas of Africa, the Caribbean, Asia, and South America. The species of Schistosoma japonicum, already identified as possible human carcinogen, has been associated with risk of developing HCC in infected by HBV and HCV patients[58,59].

Toxins
The ingestion of food contaminated with aflatoxin B1 (fungi Aspergillus flavus and Aspergillus parasiticus), which can be found at staple foods of tropical and subtropical areas, is a co-factor of risk in the development of HCC, especially in some regions of Africa and Asia, associated with infection by HBV[60,61]. Several studies have shown increased HCC mortality in some rural Chinese areas associated with drinking water potentially contaminated with toxins of some algae (microcystins), with hepatotoxic effect[62,63]. Other studies have established a relationship between the consumption of betel nut, very common in Asia, with an increasing risk of developing cirrhosis and HCC[64,65].
Many studies have associated chronic alcohol consumption with the development of liver cirrhosis and HCC[66-72], although quantity of alcohol ingestion and duration of consumption that supposes a significant risk for developing HCC is unknown. It has been described a relationship between genetic polymorphisms of the enzymes involved in the metabolic pathway of ethanol and increased risk of HCC in excessive drinkers. An increased risk of HCC in heavy alcohol drinkers has been associated to the polymorphism of the aldehyde dehydrogenase and the dysfunction of the enzyme Glutatión S-transferasa[73,74]. Some studies have established that smoking is a significant co-factor in the development of HCC[66,75,76].

Diabetes mellitus and obesity
The obesity, diabetes and dyslipidemia have also been identified as cofactors of risk in the development of HCC, although the pathophysiological mechanisms have not been clarified. It is believed that the deposit of fat in the liver could alter some metabolic functions in patients with diabetes mellitus[77,78]. In these patients, liver steatosis can lead to a nonalcoholic fatty hepatitis (NASH), whose pathogenesis is unclear but it have been related to chronic inflammation, oxidative stress, insulin resistance and lipotoxicity, constituting a cofactor for the development of liver cirrhosis and HCC[79-82]. 
The metabolic syndrome, which is defined by the presence of central obesity, dyslipemia, hypertension, and impaired glucose metabolism, has also been associated with an increased risk of developing HCC[83].

Other causes of cirrhosis
Patients with hemochromatosis may develop HCC by up 45% cases, according to some studies, iron overload can lead to the development of cirrhosis and HCC in these patients[84]. The protein Alpha-1-antitrypsin deficiency is a documented risk factor in the development of cirrhosis and HCC that also could be without cirrhosis[85]. Ooccasionally, patients with cirrhosis secondary to Wilson’s disease, autoimmune hepatitis or primary biliary cirrhosis can develop HCC[86-88]. Several studies suggest that porphyria may increase the risk of developing HCC, even in patients without cirrhosis[89-97].

Other factors
A meta-analysis showed an increase of significant risk of any primary liver cancer, and also of HCC in patients with cholelithiasis[98]. The oral anticonceptive (OC) consumption has been rarely associated with the emergence of benign tumours of the liver in young women, like hepatic haemangioma, focal nodular hyperplasia and specially hepatocellular adenoma[99]. Some cases of malignant transformation of liver adenomas in women taking OC have been described[100,101], but subsequent studies did not corroborate these results[102]. Some studies have suggested that the excessive consumption of saturated fats and meat may increase the risk of HCC[103,104]. Although others authors have not found this association[105]. Nitrogenous compounds (used in smoked fish, cheeses, bacon, sausages and other foods) may increase the risk of liver disease and cancer[106]. 
In an American study, individuals with a family history of first degree with liver cancer, had up to four times more likely to develop liver cancer than the general population, suggesting that certain shared genetic and environmental factors would influence the risk of developing liver cancer[107]. There is some evidence that there might be an association between a polymorphism of the gene of epidermal growth factor and the risk of developing HCC, although these data require further investigation[108-115].

PROTECTIVE FACTORS
Statins
The use of statins has been associated with a decrease in the risk of developing HCC[116,117]. In a meta-analysis, including 10 studies, the risk of developing HCC was lower in people taking statins[118].

Beta-blockers
A recent retrospective, observational study establishes the hypothesis that treatment with propranolol may reduce the risk of HCC in cirrhotic patients[119].

Diet
The consumption of fish, vegetables and omega-3 fatty acids has been associated with a lower risk of developing HCC in different studies[107,120,121]. Similarly, the increased consumption of vitamin E has also been associated with lower risk of HCC rate[122]. The Mediterranean diet, characterized by high consumption of vegetables, olive oil and cereals, with moderate wine consumption and fish, and low consumption of meat, is associated with a lower risk of HCC[123].
Coffee
There are several studies that have associated coffee consumption with a reduced risk of liver cancer including HCC. In a recent meta-analysis, taking more than two cups of coffee a day reduces risk of liver cancer of up to 43%, which could be related to its antioxidant effect[124-126]. 

SURVEILLANCE 
Surveillance is cost effective in high risk cirrhotic patient, with an expected annual incidence of HCC exceeding 1%-5% per year, and in some cases of non-cirrhotic patients with HBV chronic infection. The problem is that most of the studies of surveillance of HCC in chronic liver disease have been developed in endemic Asian countries with high incidence of HBV infection. In fact, the only prospective study has been developed in China, exclusively in patients with HBV infection. In this study, the mortality related to HCC was lower in patients under HCC surveillance[127]. Other retrospective studies conducted in Europe and America also have showed a better prognosis in patients diagnosed in surveillance programs[128-130]. Both, European American and Asian guidelines recommended that patient with high risk of developing HCC should be entered into surveillance programs. This should be performed using ultrasonography every six months[131-133].

DIAGNOSIS OF HCC
According to the latest consensus conferences and practice guidelines, nowadays, to get to a definitive diagnosis of HCC, will not be necessary to perform a liver biopsy if the tumour is higher than 1 cm in diameter and the typical imaging features are present in a contrast enhanced study (dynamic CT scan or MR). Thus, to properly documented the existence of HCC is required that the tumour enhances more intensely in the arterial phase than the surrounding liver and less than the surrounding liver in the venous phase. But these rules are only applicable if the patient has well diagnosed cirrhosis or a HBV chronic hepatitis. In any other cases (patient with typical lesion but without liver disease or patient with atypical lesion and cirrhosis), a liver biopsy must be performed to establish the diagnosis. The serum alphafetoprotein level has no longer be used for diagnosis of HCC, because is insufficiently sensitive or specific for use as a surveillance assay[130,131].
In order to reduce the variability in liver lesion interpretation and standardize the report from CT and MR information, the American College of Radiology has developed a new classification: LI-RADS (Liver Imaging-Reporting and Data System). The LI-RADS assigns imaging findings to one of five categories, allowing radiologist to stratify individual observations according to the level of concern HCC. So LR-1 is an observation definitively benign and LR-5 is definitively HCC. The intermediate stages correlates with probably benign (LR-2), intermediate possibility of being HCC (LR-3) and probably HCC (LR-4) according to radiological features, lesion diameter and contrast enhanced behaviour[134]. As has been described recently, the nodules both LI-RADS category 4 and category 5 have high specificity for HCC diagnosis, and in addition, a relevant proportion of lesions categorized as LI-RADS category 2 and 3 could be HCC and a liver biopsy should be recommended in such patients[135]. A consensus is necessary between different organizations in order to optimize reporting of CT and MRI features in the patients at risk for HCC[136]. 

STAGING
The main prognosis predictors of survival in patients with HCC are: Liver function, tumour burden (size and number of HCC nodules, vascular invasion), serum alpha-fetoprotein level and performance status. Nowadays, there is no universally adopted staging system for HCC. The most widely and accepted staging system in oncology, the TNM, has been adapted for HCC by the AJCC. Currently, the United Network for Organ Sharing, the organ allocation administration in United States of America, allocates donors organs for liver transplantation for the treatment of HCC based on the revised TNM classification. The problem of this system is that it does not incorporate any measure of liver function reserve, which is critical in HCC. Prognosis for HCC is impacted by local spread and hepatic dysfunction, and any staging system in HCC should include parameters that represent both aspects because an advanced liver disease can contraindicate any therapeutic approach as much as an advanced and extended HCC . The first staging system specifically designed for HCC was the Okuda classification[137], but other staging systems have been described in the last decades: Cancer of the Liver Italian Program[138], French classification[139], Barcelona Clinic Liver Cancer classification (BCLC)[140], Chinese University Prognosis Index[141], the Japan Integrated Staging[142], which has been redefined including biomarkers and the Taipei Integrated Scoring System, based on total tumour volume[143]. In Table 1 are represents the parameters included in these staging system. Some of these classifications have been externally validated in separated groups. 
The current EASL-EORTC GP guidelines and the AASLD guidelines endorse the BLCL classification and recommend the use of this staging system for prognosis prediction and treatment allocation[132,133]. The BCLC classification divides HCC patients in five stages, from (0, A, B, C, D) according to pre-established prognosis variables: size and number of nodules, vascular invasion, performance status and Child-Pugh stage. The five stages are: 0 very early stage, A early, B intermediate, C advanced and D terminal and each stage represents the first approach to the evaluation of the patients with expected prognosis and initial treatment option to be considered. Early stage patients may be treated with potential curative treatment: percutaneous ablation, surgery or LT. Intermediate stage patients may be treated with chemoembolization, advanced stages may be treated with systemic therapy (sorafenib) and in terminal patients only best supportive approach can be applied. But, as in all recommendations, the final treatment indication should take into account a detail evaluation of additional characteristics of the patients that imply a personalized decision making. So, a young patient with Child C and a small tumour should be considered for liver transplant (LT), not for best supportive care.

TREATMENT
The therapeutic approach in patients with HCC depends on several factors such as liver function, size and number of nodules, tumour extension, age and comorbidities existence. Currently, available treatments can be divided into surgical treatments (resection or transplantation), percutaneous ablation (Chemistry: Acid ethanol acetic or thermal: microwave, laser, radiofrequency and cryoablation), chemoembolization, radioembolization and systemic treatment. The goal of curative treatments should be to obtain a complete response, according to modified RECIST radiological criteria[144,145]. The recommendation of selection for different treatment strategies are based on evidence-based data and local experience and capacities. Is advisable that any decision of treatment should be adopted by multidisciplinary HCC teams including hepatologist, oncologist, surgeons, radiologist and interventional radiologist? Properly allocate each treatment in each case is a crucial decision and is mandatory to warrant a good results in terms of survival, treatment morbidity and mortality and recurrence. 

Surgery
As in any tumour, the surgical resection should be the first option to be considered in patients with HCC. The problem is the limitation that supposes the presence of liver cirrhosis, hypertension portal, coagulopathy, or hepatic dysfunction associated, that may contraindicate any surgery and resection of the tumour. The results of surgery to make appropriate estimated that survival at 5 years should reach 60% and 5 years tumour recurrence 70%, peri-operative mortality must be 2%-3% and less than 10% of transfusion requirements. Anatomic resection aiming 2 cm margins provides better results and survival but only could be applied in patients with preserved liver function. Adequate selection of patients for surgery involves a correct assessment of liver function, using MELD punctuation (Model End Stage Liver Disease), Child-Pugh class or more sophisticated estimation with the measurement of indocyanine green retention rate or hepatic venous pressure gradient (HVPG). Portal hypertension is an independent prognosis factor in patients undergoing resection and the extensive assessment is recommended before surgery using the component of portal hypertension: Platelet counts, splenomegaly, esophageal varices, and/or HVPG. In practice, BCLC recommendation is to avoid surgery in patient with advanced liver insufficiency, hypertension portal or high bilirrubin[146]. 
If the patient is properly selected, with preserved liver function and no clinically significant portal hypertension, the next step is to evaluate tumour extension: Size and number of nodules, vascular invasion and presence of microsatellites. Tumour size, multinodularity and vascular invasion, are well known predictors of recurrence and survival. Characteristically, microscopic vascular invasion is related to tumour size and involves 20% of tumours of 2 cm, 30%-60% of tumours 2-5 cm and up to 60%-90% of tumours up to 5 cm[147]. With all of this in mind, hepatic resection should be considered for small solitary tumours (and multifocal only if technically possible) with adequate hepatic function. In BLCL staging system, surgery is reserved for patient in the very/early stage, with well preserved liver function and a single tumour less than 2 cm, without portal hypertension and normal bilirrubin.

LT
Since Mazafferro described the Milan criteria in 1996 (solitary tumour less than 50 mm in diameter or less than 3 tumours, and 30 mm in diameter each one, in the absence of extrahepatic vascular spread), numerous studies have validated the results of the initial study, both in terms of 5-year survival and recurrence of the tumour (Table 2)[148-155]. This study also allowed that transplantation became a feasible option for treatment in these patients, and also showed that to achieve acceptable rates of survival (i.e., similar to that of the patients transplanted without HCC), the size and number of tumour should be limited. The situation of treatment of HCC has changed dramatically in the last decades. A better knowledge about the tumour behaviour, improvement in surgical techniques and radiological therapies together with a better selection of potential candidates to each treatment have allowed to improve the survival of patients with HCC. The optimisation of the criteria as well as the management of patient already listed for LT remains a source of debate. Important questions, like the expansion of eligibility criteria for LT beyond Milan Criteria, the role of down-staging as a bridge to LT or the possible need of adjuvant therapies in patient in waiting list in order to avoid tumour progression and eventual drop-out, are still unresolved. 

Expanded criteria for LT
Alternative eligibility criteria beyond Milan Criteria have been proposed, and some of them have been incorporated into clinical practice. The main aim of all these new approaches is to permit the fair allocation of liver graft between more potential recipient with similar survival and tumour recurrences. Having in mind the recognised predictors of recurrence (size and number of nodules, presence of bi-lobar disease, tumour differentiation and presence of micro or macro vascular invasion or tumour satellites), some groups have proposed different expensive criteria. In fact, the limitation of some of the studies have been the used of pathological examination of the explants to determine the tumour burden (data that obviously is only disposable after the LT) instead of radiological staging, as it is showed in Table 3[155-162]. This fact, hinders the correct interpretation of the results a consequently the clinical application of the results. The University of California, San Francisco criteria constitutes a well recognised extension to Milan Criteria and have been applied in clinical practice[151]. First published in 2001, demonstrated that patients with a single tumour less 65 mm in diameter, or 2-3 tumours each with less 45 mm diameter, with a total tumour diameter less than 80 mm, had similar survival than patients inside Milan Criteria[155]. Subsequent studies (both prospective and retrospective) have reported favourable results with expanded criteria. A recent retrospective and multicentre study by Mazzaferro et al[155], have been performed introducing “up to seven” criteria: the sum of the number of tumour nodules and the diameter of the largest nodule (in centimetres) being less than 7[154]. These results have been externally validated in an independent cohort[162,163]. The international consensus conference for liver transplantation for HCC recommended to consider the LT in patients with HCC inside Milan criteria and only a modest expansion of the number of potential candidates may be considered outside Milan criteria[164].

Downstaging 
Another important question is the role of downstaging in patients with HCC exceeding Milan criteria, using locoregional therapies: radiofrequency ablation (RFA), transarterial chemoembolization (TACE), transarterial radioembolization or surgery. The objective of these therapies should be to decrease tumour size or number of tumours in order to achieve a pre-established locally criteria acceptable for LT. Some of the studies have reported successfully results with this strategy achieving 5 year survival similar to that of patients with HCC who meet Milan criteria without requiring dowstaging[165,166]. Nevertheless, there are some unresolved issues. The defined upper limit for size and number of nodules eligibility for downstaging and the possible role of alpha-fetoprotein has not been well defined. The assessment of adequate response is variable in the different reports, although the recommendation should be to consider the amount of available tumour according to modified RECIST criteria. Otherwise, the acceptable criteria previously defined as successful downstaging in each study, has been different, as well as the observation period recommended after the tumour has been downstaged, before considering for LT. The recommendation of Consensus Conference was that LT may be considered after successful downstaging, without evidence for preferring a specific locoregional therapy and using criteria including size and number of viable tumour[164].

Interventional radiology treatment
HCC is the tumour that takes the greatest advantage from interventional radiology therapies for several reasons: Not only surgical difficulties in cirrhotic patients, but also ablative and endovascular treatments have demonstrated high response rates and survival benefits.
Among all chemical ablative treatments, percutaneous ethanol injection (PEI) has a widespread use, although it has more difficulties to treat encapsulated tumours against other substances as acetic acid. PEI has been the most used ablative therapy until 1999[167], but it has been disregarded after the emergence of more sophisticated techniques. Despite it has also evolved with multi-pronged needles that minimize some PEI disadvantages as the need of multiple sessions[168], they have a limited use and nowadays PEI use is reserved for the treatment of HCC < 2 cm with unfavorable RFA locations (Figure 1).
Among 2000-2010 numerous cohort studies and some RCTs and metanalisis[169] demonstrated that RFA gets better control of the disease compared to PEI. It has the ability to create bigger necrosis, including a peripheral ring to the tumour, and therefore higher complete necrotic rates -even sustained necrosis- particularly in tumours < 3 cm, where ablation is more effective.
Initial complete response has demonstrated a positive impact on survival, although there still will be high recurrence rates, comparable to surgical resection. HCC usually appears in the setting of underlying chronic hepatic disease and this conditioned the appearance of new nodules, but there are also same segment recurrence nodules as a result of the growth of small peritumoral satellites or vascular microinvasion out of the ablated zone.
There are some researches[170,171] with specimen from surgery, about the distance of microsatellites depending on tumour size that come to the conclusion that a reasonable limit of RFA is 2, 5-3 cm in order to create a security margin of 5 mm. This makes us use RFA needles 1 or 2 numbers of ablation greater than the tumour diameter. Other strategies to increase the ablation zone are overlapping techniques or multi-pronged needles, but their clinical use is difficult and not widespread.
RFA creates a complete necrosis area with a predictable diameter, whenever is not affected by nearby medium-large-sized vessels that could condition the perfusion-mediated tissue cooling, known as the heat sink effect. This limitation and the presence of non-treated microsatellites make up their main theoretical limitations, but there are also others that limit their clinical use: Ultrasound visualization of the nodule within liver parenchyma (difficult at fatty liver, macronodular cirrhosis, VIII segment nodules…) and the risk of damage of nearby organs (yuxtahiliar, gallbladder, stomach, duodenum, large intestine). This potential damage contraindicates RFA if we are not able to isolate them with sterile water instillation (spacing technique). Last, sub capsular tumours are not good indication of RFA due to the risk of tumoral seeding.
BCLC protocol last review[140] considered RFA as the first therapy at HCC < 2 cm, when a patient is not candidate to LT. This stage is also known as very early stage 0 or carcinoma in situ. RFA is also considered an alternative curative treatment at early stage (A) (single or 3 nodules ≤ 3 cm), with survival benefit up to 70%.
Microwave ablation is emerging as an alternative to RFA with several advantages. It is able to induce greater intratumoral temperature and bigger ablation area during less time than RFA. Thus, it is less dependent from tissue impedance and less influenced by heat-sink effect. Nowadays, it has less scientific evidence than RFA and there is lack of comparative papers between both techniques, but it seems logical to use it at HCC nearby to large hepatic vessels.	
Irreversible electroporation is the technique more expensive, less used in clinical practice and with less evidence, although it is not affected by heat-sink effect and it doesn’t damage adjacent structures. Therefore, its use seems useful to treat complex location lesions[144,172].
TACE has been established by a meta-analysis of RCTs[173] as the standard of care for nonsurgical patients with large or multinodular noninvasive HCC isolated to the liver and with preserved liver function, known as intermediate stage HCC.
It is frequently used to control tumour progression (palliative treatment) as primary therapy or while waiting for liver transplantation, but some considerations has to be remarked. Intermediate stage is actually a heterogeneous group of patients and TACE benefit should be assessed in subgroups of patients as it has already been remarked[174]. Moreover, large series treated by TACE reported patients with single nodule stage A HCC[175,176]. 
This would be justified by the recent concept of treatment stage migration: If a subject in a given stage is not candidate to the recommended treatment, we should consider the treatment of the more advance stage[140]. In our experience more than 1/3 of patient candidates to RFA, due to ablation difficulties, were treated by TACE (Figure 2), as has also been remarked in the literature[177].
Thus, early stage HCCs have been treated with TACE with reported maintained complete responses and it has been suggested to include TACE as an alternative curative intention therapy (stage A), in selected patients and performed with a concrete technique[178].
TACE technique is an interesting underestimate debate. There are different accepted techniques to perform endovascular HCC treatments with no enough evidence to determine the best option and this implies huge difficulties to standardize the results. Bland embolization or simple chemoinfusion have evolved to combined techniques of intra-arterial chemotherapy followed by ischemic changes after intra-arterial embolic materials (trans-arterial chemoembolization-TACE). 
   Conventional TACE involves the selective injection of a chemotherapeutic agent (usually Doxorrubicine) emulsified in a viscous carrier (lipiodol), followed by embolic material into the feeding arteries of the tumour. 
It has been the most common way to perform TACE since the beginning of the century–validated with level 1 of evidence[173] - and is still acceptable with widespread use, above all in eastern countries. There are different ways to perform it regarding on how to mix lipiodol and contrast, being more or less selective and types of lipiodol aggregation. The optimal way should include filling of the “rear door of the tumour”, i.e., small portal drainage veins[179]. 
An alternative way to perform TACE is widespread in the clinical practice, known as drug-eluting beads-transarterial chemoembolization (DEB-TACE). It concerns performed microspheres loaded with chemotherapeutic agents which allows the delivery of large amounts of drugs to the tumour for a prolonged period of time (improve antitumoral efficacy), thereby decreasing plasma levels of the chemotherapeutic agent and potentially systemic effects (better tolerance).
A prospective multi-institutional RCT (Precision V)[178] demonstrated significant better tolerance compared to cTACE, but only improved response in advanced disease (Child-Pugh B). Later several cohort studies and some RCTs favors DEB-TACE vs cTACE in response rates and survival, but nowadays it is a usual debate in CHC symposiums because more evidence is needed to evaluate the two modalities of TACE. Actually, DEB-TACE has implemented in the clinical practice of western countries based on some clear rationale: Maximize drug delivery, long lasting effect/slow and sustained release, tumour effect vs systemic side effects and better reproducibility. 
Technical recommendations to perform it have been published to improve its efficacy, helping reproducibility and constitute clear working tendencies[181,182]: (1) Must use microcatheter with super-selective injection at feeding arteries; (2) Use angio-CT system technology for tumour targeting; (3) Mix beads with contrast 3-4:1 to increase visibility; (4) Avoid complete stasis (endpoint near stasis); (5) Inject slowly (1 mL/min) trying to introduce as much Doxorubicin as possible inside the tumour (max. 150 mg); (6) Use of small size microspheres to increase penetrability. At present 100-300 μm are recommended, but the use of smaller beads (M1 70-150 μm) -commonly used at treating liver metastasis- is being evaluated in clinical trials. Many working groups have introduced them in their protocols, particularly with small size HCCs and they are extremely promising thanks to their bigger penetrability[183]; and (7) – Repeat TACE in 2-4 wk, if needed, to get initial complete response, which is being related to survival benefit[184].
Ablative therapies and chemoembolization form the interventional treatments recommended by BCLC staging and treatment strategy, with simplicity as one of its known advantages. Other classifications as Japanese guidelines[185] stands for suggest other treatment options together with first line therapies in different stages or subgroups of them.
The huge variability of patients with HCC makes necessary to create a tailored approach that nowadays it is an undeniable clinical tendency[186]. We should adjust to each patient the most suitable treatment for its particular case, after a multidisciplinary assessment. The combination of locoregional therapies sometimes offers this maximal flexibility. This approach seems to be particularly valuable in patients with multifocal disease and nodules > 3 cm.
Among combine therapies, there are more experience with the combination of TACE and RFA (TACE first). Therefore, perfusion tissue is reduced and heat loss by perfusion mediated tissue cooling is minimized making possible larger ablation zone with wider safety margin[187]. Thus, sometimes downstaging is possible, above all with HCC 3-5 cm.
In the recent years, several groups perform RFA followed by TACE (RFA first). This way, TACE acts over a transitional zone with sub lethal hyperthermia and increase vascular permeability. This forms an increase delivery, uptake and susceptibility to chemotherapeutics ideal to treat microsatellites outside RFA zone[188].
Radioembolization is an alternative to TACE with less evidence and minor applicability. It needs to join interventional radiology and nuclear medicine units, which is restricted to only a few hospitals. Besides, technically is more complex than TACE and require an anatomical previous vascular map, because many times is necessary to embolize the arteries that communicate the target liver places with other adjacent organs as gallbladder or stomach that could be damaged.
Although is not included in the BCLC recommended treatments, it would be indicated in stage B HCC as an alternative to TACE and some stage C HCC with portal thrombosis that is not a contraindication of this technique. Some working groups consider it a first option in tumour > 5 cm or when > 4 nodules are present[174]. Ongoing RCTs are needed to unequivocally confirm the survival benefit provided by transarterial radioembolization in many cohort studies.

Sorafenib
Sorafenib is a small molecule that inhibits tumour-cell proliferation, tumour angiogenesis and it is a multi-tyrosine kinase inhibitor and nowadays is the only drug that have demonstrated survival benefits in patients with advanced HCC. The initial phase II and phase III studies showed positive results with better survival in patients treated with sorafenib. The benefit of sorafenib was to increase the median survival from 7.9 mo in the placebo group to 10.7 mo in the sorafenib group. In addition, sorafenib showed a significant benefit in terms of time to progression, but objective responses rates were low[190]. These results were corroborated in other phase III study conducted in Asia[191]. This drug is only indicated in patients with preserved liver function and advanced disease not susceptible of other therapies and in this group of patients have an acceptable safety profile with manageable adverse events. The initial results were very promising because it was the first time that a systemic therapy demonstrated benefits effects in patients with HCC. Two subsequent trials, the Space (Sorafenib or placebo in combination with TACE for intermediate-stage HCC)[191] and the Storm (Sorafenib or placebo after resection or ablation to prevent recurrence of HCC)[192] have failed to demonstrated efficacy of sorafenib as adjuvant in combination with locally therapies. In the next years, new novel drugs, with a slightly different profile in terms of targets and intensity, have been tried both in first-line and second-line therapy. Until now, none of these drugs (sunitinib, brivanib, linifanib and combination of erlotinib and sorafenib) have proven to be better than sorafenib in first-line trials, in terms of survival. Second-line trails with brivanib, everolimus and ramucirumab have also failed to show benefits compared with placebo.
The EASL and AASLD recommend the use of sorafenib in patients with HCC advanced stage and preserved liver function.

SUMMARY
HCC is a tumour with high incidence in patients with liver cirrhosis and is currently the leading cause of death in this group of patients. It is expected a decreases in incidence in the coming decades due to better management of patients infected with HBV and HCV. The vaccination against hepatitis B, the extended use of antiviral drugs with a high genetic barrier, which remain at undetectable viral load levels and the higher rate of sustained viral response in patients with chronic HCV with the new generation of antiviral drugs will reduce the incidence of this tumour in the future. On the other hand, increasingly numbers of studies have identified protective factors such as treatment with beta-blockers or statins, and perhaps in the future the use of some of these drugs will be recommended in selected cirrhotic patients. On the other hand, the improvement in the quality of imaging techniques allows establishing a diagnosis without histological confirmation in a high percentage of patients. New radiologic classifications, although promising, need more studies to be accepted universally. Once confirmed the diagnosis, the staging of the tumour allows us to decide the best therapeutic approach. Although several prognostic classifications have been described, the BCLC classification has been supported by American and European clinical practice guidelines. In addition, it allows deciding the best therapy according to the stage. The mainstays of treatment of HCC are surgery, radiological approach and systemic drugs. Since it is the treatment of choice to better outcomes in terms of survival, the indications of liver transplantation are in constant review. The expanded criteria and the downstaging have helped to expand the number of patients who are eligible for this option, with acceptable survival and recurrence after the transplant. On the other hand, the percutaneous ablative techniques have obtained good results in terms of response and survival, similar to surgical resection, in selected cases. In patients at intermediate stages, chemoembolization with particles has improved the results against the conventional chemoembolization with a similar rate of adverse effects. Sorafenib is the only systemic drug that has demonstrated survival benefits in advanced-stage patients and therefore remains the standard of care in this group. So far, any drug has shown survival benefits in second-line therapy after progression with sorafenib.
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Figure 1 Ethanol injection treatment for hepatocellular carcinoma. A: Very early hepatocellular carcinoma pre-percutaneous ethanol injection treatment (Arterial phase); B: Very early hepatocellular carcinoma pre- percutaneous ethanol injection treatment (Portal phase); C: Percutaneous ethanol injection procedure (Ultrasound guidance fine needle puncture); D: Percutaneous ethanol injection procedure (Ethanol aggregation after ultrasound guidance percutaneous ethanol injection); E: Computed tomography control arterial phase after 1 year  (Sustained complete response).
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Figure 2 Transarterial chemoembolization for hepatocellular carcinoma. A: 4 cm hepatocellular carcinoma S-IV. Arterial and venous phase computed tomography; B: First transarterial chemoembolization procedure; C: Small residual foci after 1 transarterial chemoembolization; D: Second transarterial chemoembolization; E: Complete response after 2 transarterial chemoembolization.


















Table 1 Factors included in each staging system
	Staging system
	Size 
	Nodules
	Met
	PVT
	AFP
	CH
	Alb
	Bil
	ALP
	Ascites
	PS

	TNM
	YES
	YES
	YES
	NO
	NO
	NO
	NO
	NO
	NO
	NO
	NO

	Okuda
	YES
	NO
	NO
	NO
	NO
	NO
	YES
	YES
	NO
	YES
	NO

	CLIP
	YES
	NO
	NO
	YES
	YES
	YES
	NO
	NO
	NO
	NO
	NO

	FRENCH
	NO
	NO
	NO
	YES
	YES
	NO
	NO
	YES
	YES
	NO
	YES

	BCLC
	YES
	YES
	YES
	YES
	NO
	YES
	NO
	YES
	NO
	NO
	YES

	JIS
	YES
	YES
	YES
	NO
	NO
	YES
	NO
	NO
	NO
	NO
	NO

	CUPI
	YES
	YES
	YES
	NO
	YES
	NO
	NO
	YES
	YES
	YES
	NO


Met: Metastasis; PVT: Portal vein thrombosis; AFP: Alfaphetoprotein; Alb: Albumin; Bil: Bilirubin; ALP: Alkaline phosphatise; PS: Performance status; CLIP: Cancer of the Liver Italian Program; BCLC: Barcelona Clinic Liver Cancer classification; CUPI: Chinese University Prognosis Index; JIS:  the Japan Integrated Staging.



Table 2 Reported 5-year overall survival and recurrence in patients undergoing liver transplant for hepatocellular carcinoma within Milan criteria
	Authors
	n 
	5-year overall survival 
	5-year recurrence 

	Mazaferro, NEJM 1996[154] 
	48 
	74% 
	8% 

	Bismuth, Semin Liver Dis 1999[155] 
	45 
	74% 
	11% 

	Llovet, Hepatology 1999[156] 
	79 
	75% 
	4% 

	Jonas, Hepatology 2001[157] 
	120 
	71% 
	15% 

	Yao, Hepatology 2001[158] 
	64 
	72% 
	6.5% 

	Marsh, Liver Transplant 2003[159] 
	248 
	67% 
	3.6% 

	Herrero, Liver Transplant 2008[160] 
	47 
	70% 
	8.5% 

	Mazaferro, Lancet Oncol 2009[161] 
	444 
	73% 
	4.3% 




Table 3 Summary of the characteristics of the published studies including patients within Milan criteria or with expanded criteria
	Author 
	Patients MC / EC 
	HCC Criteria
	Staging method 
	Design
	5-year survival (%)
MC/EC

	Yao 2001[162]
UCSF criteria 
	46/14 
	1 < 6 cm
2-3 > 4, 5 cm 
Sum diameter < 8 cm 
	Explant 
	Retro 
	72

	Herrero 2001[163]
Navarra Criteria
	35/12 
	1 < 6 cm
2-3 < 5 cm 
	Rx 
	Pros 
	

	Kneteman 2004[164]
	19/21
18/9 
	1 < 7.5 cm
Multinodular < 5 cm 
	Explant 
Rx 
	Pros 
	87/83 (4-yr)
92/77

	Yao 2007[165]
	130/38
	1< 6 cm
2-3 >4, 5 cm 
Sum diameter < 8 cm
	Rx
	Pros
	90/93

	Silva 2008[166]
Valencia Criteria
	231/26
254/27 
	1< 5 cm
2-3 < 5 cm
Sum diameter 10 cm 
	Explant 
Rx 
	Retro 
	62/69

	Herrero 2008[167]
	59/26
	1< 6 cm
2-3 < 5 cm 
	Explant
Rx
	Pros
	70/56
66/68

	Mazaferro 2009[161] Metroticket 
	444/283 
	Sum nodules/size 
7 cm 
	Explant 
	Retro 
	73/71

	Fan 2009[168]
Shanghai Criteria
	394/176 
	1 < 9 cm
2-3 < 5 cm
Sum diameter 9 cm 
	Explant 
	Retro 
	51/65

	Guiteau 2010[169] 
	363/82 
	1 < 6 cm
2-3 < 5 cm
Sum diameter 9 cm 
	Rx 
	Pros 
	73/71 (3-yr)


[bookmark: _GoBack]Staging method: pre LT with radiological features (Rx) or post LT according to histopathological features (Explant). Study design: retrospective (Retros), prospective (Pros). MC: Milan criteria; EC: Expanded criteria; LT: Liver transplant; UCSF: University of California, San Francisco.
image1.jpeg




image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




image6.png
MOLERO MARTINEZ, MARIA ANGELES C: 100.0,A: 260.0
645315

16/08/2012, 10:39:07 3




image7.png
MOLERO MARTINEZ, MARIA ANGELES C: 40.0,A: 400.0
645315

16/08/2012, 10:39:55 4




image8.png
MOLERO MARTINEZ, MARIA ANGELES C: 1358 A: 2219

645315 S
T

PR o

20/09/2012, 13:20:29




image9.png
MOLERO MARTINEZ, MARIA ANGELES C: 1476, A: 206.3
645315 SM
T

20/09/2012, 13:20:31




image10.png
MOLERO MARTINEZ, MARIA ANGELES C: 700,A: 4500
645315

~ . e /
1911112012, 10:48:53 D




image11.png
MOLERO MARTINEZ, MARIA ANGELES C: 400,A: 4000
645315

19/11/2012, 10:49:44




image12.png
MOLERO MARTINEZ, MARIA ANGELES : 127.0,A: 2550

645315 SM
iy

15/01/2013, 13:20:42




image13.png
MOLERO MARTINEZ, MARIA ANGELES C: 130.0,A: 230.0
645315

12/09/2013, 9:13:15 2




image14.png
MOLERO MARTINEZ, MARIA ANGELES C: 150.0, A: 290.0
645315
L

12/09/2013, 9:14:06 3




