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Hepatocellular carcinoma (HCC) is a major health 

problem. It is the sixth most common cancer worldwide and the 

third cause of cancer-related death. [1] In 2002 at least 600,000 

new cases were registered and its incidence and prevalence in 

US and Western Europe have been increasing during the past 

decade. In 80% of cases HCC affects cirrhotic livers and it is 

now considered the first complication to occur and the major 

cause of liver-related death. [2] Principal risk factors for 

developing cirrhosis and then HCC are chronic liver diseases 

and in particular chronic B and C hepatitis/cirrhosis, alcoholic 

liver disease and nonalcoholic steatohepatitis-related cirrhosis. 

[3–5]  

Guidelines for HCC management recommend mortality risk 

estimates as a decision-making support. [3] Unfortunately, the 

ability of all the available prognostic scores to predict mortality 

is far from perfect and none of these systems provide sufficient 

confidence for the prediction of the outcome in the individual 

patient with HCC. [3,6–8] 

In the absence of an optimum prognostic model, treatment 

algorithms for patients with HCC in Europe and North America 

have been prepared on the basis of the Barcelona Clinic Liver 

Cancer (BCLC) classification. [3,9,10] 

 The BCLC staging classification for HCC classifies patients as 

having stages of disease from 0 to D (Figure 1). 



 HCC 

 Stage 0 
 PST 0, Child-Pugh A 

 Stage A-C 
 Okuda 1-2, PST 0-2, Child-Pugh A-B 

 Stage D 
 Okuda 3, PST>2, Child-Pugh C 

 Early stage (A) 
 Single or 3 nodules 

< 3 cm, PS 0 

 Intermediate stage (B) 
 Multinodular, PS 0 

 Advanced stage (C) 
Portal invasion, 
N1, M1, PS 1-2 

End stage 
(D) 

 Very early stage (0) 
 Single < 2 cm 

Carcinoma in situ 

Single 3 modules ! 3 cm 

 Portal 
pressure/bilirubin 

Normal  No Yes 

Associated 
diseases Increased 

Resection  Liver Transplantation 
(CLT/LDLT)  PEI/RF  Chemoembolization  Sorafenib 

 Curative Treatments (30%)  Palliative treatments 
 Symptomatic treatment 

Portal 
invasion, N1, M1 

Unresectable HCC 

 
Figure 1 The Barcelona Clinic Liver Cancer staging system and treatment 

allocation. Abbreviations: CLT, cadaveric liver transplantation; HCC, 

hepatocellular carcinoma; LDLT, living donor liver transplantation; PEI, 

percutaneous ethanol injection; RF, radiofrequency. 

Stage 0 is very early disease, which is defined as a solitary liver 

cancer that measures ≤ 2 cm without tumor invasion into 

surrounding tissues. 

Stage A is early disease, classified as patients who exhibit 

preserved liver function with a solitary HCC < 5 cm in size, or 

up to 3 tumors each of which is ≤ 3 cm in size. Patients with 

stage 0 or stage A disease can be effectively treated with 

curative therapies, such as surgical resection, liver 

transplantation, or by percutaneous ablation methods, including 



percutaneous ethanol injection (PEI) and radiofrequency 

ablation (RFA). With these treatments it is possible to obtain 

complete responses with potential long-term cure, as reflected 

by a 5-year survival better than 50% to 70%. 

The BCLC intermediate stage (stage B) consists of 

asymptomatic patients with well-preserved liver function, and 

multinodular or large tumor extension, without macrovascular 

invasion or extrahepatic spread (ES). Patients with stage B 

(intermediate) disease treated with transarterial embolization 

(TAE) or transarterial chemoembolization (TACE) have 

demonstrated a significant increase in survival compared with 

best supportive care (median survival, 20 months vs 16 months). 

Patients with mild related symptoms and/or macrovascular 

invasion or ES are classified as advanced stage (BCLC stage C). 

Previously, no standard systemic therapy existed for the 

treatment of patients at this stage; however, two randomized 

controlled trials (RCTs) have now shown that sorafenib, an 

inhibitor of Raf kinase and vascular endothelial growth factor 

receptor (VEGFR), improves the overall survival of patients 

with stage C disease. Sorafenib is, therefore, now considered to 

be the standard treatment for advanced HCC. [11,12] Patients 

with cancer symptoms, related to progressed liver failure, tumor 

growth with vascular involvement, ES, or physical impairment 

(performance status > 2) are classified as stage D (end stage) 



disease; they do not benefit from antitumor treatments and 

should receive only the best available supportive care. 

It should be noted that not all patients defined by each 

stage of BCLC are ultimately candidates for the suggested 

treatment modality. For instance, TACE can be performed at an 

early stage in patients for whom RFA or PEI cannot be 

performed because of tumor location (proximity to a 

gallbladder, biliary tree, or blood vessel), or because of failed 

prior curative treatments or medical comorbidities. TACE is also 

the first-line therapy for downstaging tumors that exceed the 

criteria for transplantation or in patients awaiting orthotopic 

liver transplantation (OLT). 

Moreover, even if guidelines for the management of HCC 

provide indications for the use of various treatments as mono-

therapies, in clinical practice a multimodal approach that 

combines various techniques is used, either as first-line therapy 

or as a rescue (second-line) approach after the failure of a mono-

therapy (Table 1). [13,14] 

 



 
 

 

Note. Modified from Cabibbo G, Latteri F, Antonucci M, Craxì A. 

Multimodal approaches to the treatment of hepatocellular carcinoma. Nat 

Clin Pract Gastroenterol Hepatol.2009;6(3):159–169. [14] 

 

 



Prediction of Survival 

 

Survival estimates are critical factors in physician and 

patient decision making, in all phases of neoplastic illness. 

Prognostic estimates in advanced cancer may have increased 

importance as patients near the end of life, since this is a natural 

time to formally reevaluate the goals of treatment, which may 

change from life prolongation to palliation. 

However, despite its importance, prognostication in advanced 

cancer is imperfect. Physicians are typically optimistic in their 

estimates of patient survival, and the prognostic estimates they 

communicate to patients may be even more optimistic.  

HCC is an insidious disease, with no particular or 

specific signs and symptoms of manifestation and whose 

behavior is usually unpredictable. Its natural history is also 

dependent on functional impairment of the underlying liver 

disease which often limits the application of therapeutic 

opportunities and influences survival. 

The extensive application of surveillance programs for early 

detection of small (<5 cm) HCC has increased the number of 

tumors detected within the Milan criteria [15-17] at Barcelona 

Clinic Liver Cancer (BCLC) stages 0 or A (very early or early), 

and potentially responsive to curative treatments, such as liver 

transplantation and percutaneous or surgical ablation. [18] 



Nonetheless, most patients with HCC (approximately 70%) are 

diagnosed at BCLC B (intermediate) and C (advanced) stages 

(approximately 50%) or BCLC D (end stage, approximately 

20%). [18] 

Clearly, for ethical reasons it is not possible to evaluate 

in RCTs the natural history of early HCC. However a milestone 

paper published in 1989 showed that 1- and 2-year overall 

survival of asymptomatic patients with HCC and cirrhosis was 

96% and 50%, respectively. [19] 

A previous systematic review [20] showed that the survival rates 

of untreated patients or of those who received placebo in 

randomized controlled trials (RCTs) of unresectable HCC vary 

among the studies, ranging from 10% to 72% at 1 year and from 

8% to 50% at 2 years.  

So, in the setting of unresectable HCC, an accurate estimate of 

survival among untreated patients is essential for (1) evaluating 

the natural history and assessing the validity of biological or 

radiological surrogate markers, (2) controlling for confounding 

factors in observational studies, (3) calculating the sample size 

and stratifying subjects in RCTs, and (4) assessing treatment 

effect size to formulate therapeutic strategies. In fact, knowledge 

of the factors influencing the outcome of untreated patients also 

may be important for interpreting the results of RCTs of 

different treatments. 



Aim 

According to all above presented evidences I aimed to further 

investigate, together with my group, the natural course of 

untreated patients with unresectable HCC. 
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3.1 Transarterial chemoembolization  

The observation that the majority of the blood supply to HCCs is 

derived from the hepatic artery has led to the development of 

techniques designed to eliminate the tumor's blood supply or to 

administer cytotoxic chemotherapy directly to the tumor. 

Transarterial chemoembolization (TACE) involves the injection 

of a chemotherapeutic agent, with or without lipiodol or a 

procoagulant material, into the hepatic artery. Lipiodol is an oily 

contrast agent that promotes intratumoral retention of 

chemotherapy drugs. A more recent method of 

chemoembolization involves the use of drug-eluting polyvinyl 

alcohol microspheres (“beads”), which seems to cause less 

toxicity with similar efficacy. Simultaneous or sequential 

occlusion of the hepatic artery until stagnation of blood flow to 

the tumor occurs may result in greater antitumor efficacy than 

chemotherapy alone.  

TACE is the most widely used first-line treatment in the 

Western world and Asia for patients with unresectable HCC and 

has been shown to improve survival among patients with 

preserved liver function, particularly those with Child–Pugh 

class A cirrhosis who do not have extrahepatic metastases, 

vascular invasion, or prominent cancer-related symptoms. Two 

published meta-analyses of randomized, controlled trials 

assessing the use of arterial embolization, chemoembolization, 



or both as primary palliative treatment for hepatocellular 

carcinoma showed that these procedures were associated with an 

improved 2-year survival rate as compared with conservative 

treatment. [20,21] 

Interpretation of the results of these meta-analysis is also 

difficult because previous studies with TACE were not 

standardized for embolization procedures while recent 

developments with TACE, including new, more effective 

embolizing agents, [22] make standardization better, thus 

requiring a redefinition of selection criteria and endpoints in 

TACE studies. 

TACE is also used as a neoadjuvant therapy or as a means of 

downstaging a patient’s condition before liver transplantation, 

but whether these approaches provide a survival benefit is 

unclear. A post-embolization syndrome of fever and abdominal 

pain related to hepatic ischemia occurs in up to 50% of patients 

treated with TACE. There are few data to guide the choice of the 

chemotherapeutic agent or the retreatment schedule, which in 

practice ranges from 2 to 5 sessions. In recent randomized, 

controlled trials, [23,24] the use of a drug-eluting bead that 

releases the drug in a controlled fashion during TACE has been 

shown to be associated with a reduction in both hepatic and 

systemic side effects and with an increase in local tumor 

response. 



Aim 

According to all above presented evidences I aimed to further 

explore, together with my group, predictors of survival in 

patients with HCC receiving TACE as first line or second-line 

treatment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



 



 
 



 
 



 
 



 
 



 
 



 
 



 
 



 



3.2 Targeted Molecular Therapy (Sorafenib) 

Until recently, no systemic chemotherapy was shown to be 

consistently efficacious in treating hepatocellular carcinoma. 

Sorafenib is a small molecule multikinase inhibitor that is 

administered orally and has antiproliferative and antiangiogenic 

properties. In recent randomized, controlled trials, it has been 

associated with a 37% increase in overall survival (10.7 vs 7.9 

months, p<0.001), as compared with placebo, in patients with 

advanced hepatocellular carcinoma and compensated cirrhosis. 

[11] Rash on the hands and feet, diarrhea, and fatigue are the 

most commonly reported side effects. 

However, since the registration trial was prematurely stopped at 

the second interim analysis due to significant survival advantage 

in the active drug arm, benefits and risks of sorafenib therapy 

could not be adequately assessed, as it occurred in other 

registration trials evaluating therapeutic regimens. Additional 

data on safety of sorafenib was also required because 

registration trials are generally underpowered to evaluate drug 

tolerability and safety since they rely on rigid protocols and 

strict exclusion criteria, whereas field practice observational 

studies, notwithstanding several biases inherent to the traditional 

cohort studies, offer a chance to properly unravel the clinical 

effectiveness and toxicity of a drug like sorafenib when 

administered in real life patients carrying co-morbidities.  



Aims 

According to all above presented evidences I aimed to further 

assess, together with my and other Italian groups, risks and 

benefits of this regimen in clinical practice. 
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In the last few decades, the management of HCC has 

changed significantly, thanks to breakthroughs in the treatment 

algorithm.  

However, spontaneous course of HCC is partially unknown and 

the choice of treatment is often driven by the cancer stage, the 

resources available, and the level of practitioner expertise. 

Curative treatment options for HCC (e.g. liver transplantation, 

surgical resection, percutaneous ablation) are available if the 

disease is diagnosed at an early stage. 

Despite the use of aggressive local treatments, tumor recurrence 

and the development of extrahepatic metastases continue to have 

a significant effect on the overall survival of patients with HCC. 

Since only a few randomized, controlled trials have compared 

the different approaches, most recommendations for staging-

guided treatment rely on the findings of observational studies or 

expert opinion. 

Conceivably, the inclusion of molecular variables such as the 

mutated estrogen receptor, [25] as well as signature gene 

expression profiling, [26,27] in staging systems could improve 

their predictive ability. 

Even if in absence of molecular data, in our study [28] we found 

that the survival rate in the placebo or untreated arm of RCTs of 

HCC patients may be a reliable measure of the spontaneous 

course of disease and a basic measure for both calculating 



sample size and providing a better prognostic stratification in 

RCTs evaluating new drugs or new multimodal approaches in 

the palliative setting. Moreover, the 1-year overall survival rate 

of 34% obtained in our meta-analysis in intermediate/advanced 

untreated controls can be considered a useful reference value for 

determining the sample size of future studies and for obtaining 

indirect comparisons among different trials estimating drug 

efficacy.  

The prognostic value of ascites determines the importance of 

sub-classifying the intermediate stage in relation to the 

therapeutic option. In fact, we believe that the benefits of TACE 

may outweigh the risks for BCLC B patients with Child-Pugh 

class A or B cirrhosis without ascites, whereas the risks may 

outweigh the benefits for BCLC B patients with Child-Pugh 

class A or B cirrhosis with ascites. 

About of the treatments of unresectable HCC, as 

mentioned above TACE is the most widely used first-line 

treatment for HCCs that cannot be resected. 

Despite the many RCTs that have been done to identify the 

optimal TACE procedure, lack of standardization affects some 

aspects of treatment, including embolization technique and 

treatment schedules. [29,30] A relevant clinical question is 

whether patients should receive repeated courses of TACE at 

fixed intervals until the planned numbers of courses is reached 



or until a complete radiological response is achieved. Moreover, 

there is no evidence that complete radiological response after 

TACE is a surrogate end-point strongly linked to overall 

survival. 

Interestingly, in our cohort study, [31] we found that, as 

previously reported in the setting of treatment with RFTA, [32] 

PEI, [33]  and, more recently, TACE, [34] overall survival 

depends strictly on complete radiological response. So, complete 

response is a relevant surrogate end-point that should be planned 

and carefully assessed by multiphasic CT scan in all patients 

who undergo TACE. Moreover, we found that patients with a 

good performance status and with a low number of nodules at 

baseline, are good candidates for TACE. 

A weakness of our prognostic model is the lack of data on 

molecular factors, such as gene expression profiling, which can 

have some impact on patient’s outcome. Another weakness 

concerned the small number of patients included in this single 

centre study compared with other prospective, multicenter 

studies. 

Before the development of sorafenib, first-line 

systemic therapies for the treatment of unresectable HCC were 

lacking. Many RCTs had demonstrated that the use of systemic 

chemotherapy, hormonal compounds, octreotide and interferon 

in patients with unresectable HCC did not improve survival 



compared with no treatment. Such agents are, therefore, 

discouraged for the treatment of unresectable HCC. [35] 

Sorafenib demonstrated an advantage in term of overall 

survival in two double-blind phase 3 RCTs compared with 

placebo arm. [11] However, because the registration trial was 

prematurely stopped at the second interim analysis due to 

significant survival advantage in the active drug arm benefits 

and risks of sorafenib therapy could not be adequately assessed 

and the indiscriminate use of this drug in clinical practice need 

to be carefully evaluated due to, the lower tolerability profile. 

In our large multicenter field practice study, [36] we validated 

sorafenib as a safe and effective treatment modality for 

advanced HCC. Strengths of our study were the large sample 

size, which was equal to the treated arm of the registration trial, 

the consecutive enrollment of real-world patients with broad 

eligibility criteria reflecting the complexity and diversity of our 

clinical practice in HCC, and the involvement of centers with 

well-referenced expertise in diagnosis and treatment of HCC 

patients, which guaranteed standardized radiologic assessment 

of the response to sorafenib. 

Interestingly, our study differed from Phase III trials in terms of 

rates of poor tolerability, leading to dose reduction or 

discontinuation.  



With all the caveats due to the lack of pretreatment patient 

stratification for survival predictors, post hoc analysis in our 

study indicated an increase in survival rates for the 77 patients 

who received a half-dose of sorafenib for more than 70% of the 

treatment period compared with the 219 patients who were 

either full-dosed or received a half-dose of sorafenib for less 

than 70% of the treatment period (21.6 versus 9.6 months). 

Differences in treatment duration between down-dosed patients 

and full-dosed patients (6.8 versus 3 months) possibly reflect 

differences in tolerability between regimens, resulting in 

prolonged exposure to down-dosed sorafenib of less tolerant 

patients. 

In conclusion, HCC is a very heterogeneous disease with 

a poor prognosis, especially when the disease is diagnosed at an 

advanced stage. The introduction of targeted therapies, including 

TKIs, has represented a major advance for the treatment of these 

patients; however, several issues still remain, and need to be 

addressed in order to optimize the management of HCC. Given 

the hyper-vascular nature of HCC it is of interest evaluation of 

use of sorafenib in combination with other treatments (e.g., 

TACE). 

The combination of loco-regional strategies and sorafenib is 

currently being explored, as reported in table 2.  These 

combination therapies may be in line, at list in part, with the 



increasing mandate for more “personalized” medicine, based 

upon the peculiar characteristics of each single patients. [37] 

 
 

 

 

Table 2. Ongoing trials on the combination of sorafenib and locoregional 

strategies for the treatment of HCC. 

 
 

Note. Modified from Cabibbo G, et al. Management of cirrhotic patients with 

hepatocellular carcinoma treated with sorafenib. Expert Rev Anticancer Ther. 

2011 Dec;11(12):1807-1816. 

 

 



Given the complexity of the disease (in particular for the 

presence of chronic liver disease) and the large number of 

potentially useful therapies, it is not surprising that the expertise 

of many physicians is required to provide optimal care to 

patients with HCC. Patients diagnosed with liver cancer should 

be referred to multidisciplinary teams including hepatologists, 

surgical oncologists, transplant surgeons, medical oncologists, 

radiation oncologists, diagnostic radiologists, and interventional 

radiologists, all of whom should play an active role in the care 

of these patients. Treatment decisions should be discussed in 

multidisciplinary meetings, as no single treatment strategy can 

be applied to all patients, and treatment must be individualized. 
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