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Abstract
Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and leading cause of death among patients with cirrhosis. Treatment guidelines are based according to the Barcelona Clinic Liver Cancer (BCLC) staging system. The choice among therapeutic options that include liver resection, liver transplantation, locoregional, and systemic treatments must be individualized for each patient. The aim of this paper is to review the outcomes that can be achieved in the treatment of HCC with the heterogeneous therapeutic options currently available in clinical practice. 
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Core tip: Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and its incidence is rising in Western countries. The choice among therapeutic options that include liver resection, liver transplantation, locoregional, and systemic treatments must be individualized for each patient. The aim of this paper is to review the outcomes that can be achieved in the treatment of HCC with the heterogeneous therapeutic options currently available in clinical practice.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and the third most frequent cause of cancer-related death1[]
. With increasing incidence in Western countries, HCC remains the leading cause of death among patients with cirrhosis2


[ ADDIN EN.CITE ,3]
. The implementation of surveillance programs has allowed early tumor diagnosis, resulting in increased curative treatments achieving 5 year survival rates up to 75%4


[ ADDIN EN.CITE ,5]
. The choice among therapeutic options that include liver resection, liver transplantation, locoregional, and systemic treatments must be individualized for each patient. The majority of trials now choose the Barcelona Clinic Liver Cancer (BCLC) staging system to guide treatment decisions6-8


[ ADDIN EN.CITE ]
. Despite improved outcomes, recurrence after curative treatments remains a significant problem and is reported as high as 70% at 5 years after resection; the optimal treatment of recurrent HCC remains unclear4


[ ADDIN EN.CITE ]
. The aim of this paper is to review the outcomes that can be achieved in the treatment of HCC with the heterogeneous therapeutic options currently available in clinical practice. 

STAGING SYSTEMS AND GUIDELINES

In the past, the diagnosis of HCC was usually made at an advanced stage with patients presenting with symptomatic disease and liver impairment6


[ ADDIN EN.CITE ,9]
. Treatment was futile with median survival rates of less than 3 mo6


[ ADDIN EN.CITE ,9]
. In addition, morbidity associated with therapy was significantly high10


[ ADDIN EN.CITE ,11]
. Recent advances in technology and surveillance programs have led to more frequent early HCC diagnosis offering curative treatments with 5 year survival rates ranging from 50% to 75%4


[ ADDIN EN.CITE ,5]
. 

Among the many HCC staging systems that have been developed around the world, the BCLC staging system has emerged as the most useful to guide treatment decisions (Figure 1). The BCLC staging was first developed based on analysis of independent studies of the various treatment modalities applied in various clinical settings. It includes variables related to tumor stage, liver functional status, performance status, and cancer-related systems, its key feature being evidence-based linkage of clinical stage with treatment modalities, allowing an estimation of life expectancy based on published results. BCLC identifies patients with early HCC who are potentially curable, those at intermediate or advanced disease stage for whom noncurative treatment offers the likelihood of extended survival, and those at end stage for whom treatment would provide more harm than benefit. 

Ongoing molecular studies are rapidly shedding light on the heterogeneous underlying mechanisms that drive the development and progression of HCC and offer promise of therapies that target the specific abnormalities that lead to and sustain the growth of HCC in individual patients12-14


[ ADDIN EN.CITE ]
. 

OVERVIEW OF TREATMENT OPTIONS FOR HCC

Given the complexity of the disease and the large number of useful therapies, patients with HCC should be cared for by multidisciplinary teams. It is important to note that the level of evidence for most of the therapeutic options is limited to cohort investigations with few RCTs, most of which are limited to the treatment of advanced disease; as with most cancers, surgical treatment for early stage disease has not been compared to no treatment in prospective trials15


[ ADDIN EN.CITE ,16]
. 

Table 1 summarizes existing series and the level of evidence for efficacy according to trial design and end-points for all available treatments in HCC4


 ADDIN EN.CITE.DATA 


[ ADDIN EN.CITE ,5,17-31]
. Availability of resources also has to be considered in developing treatment strategies. This is particularly relevant when considering liver transplantation, which is unavailable in some areas of the world. 

Resection

Selection criteria: Hepatic resection is widely accepted as first-line treatment for patients with early-stage HCC and preserved liver function4


[ ADDIN EN.CITE ,32]
. The choice of treatment modality in cirrhotic patients (who comprise the majority HCC cases) is challenging and requires assessment of both liver function reserve and tumor extension. Child-Pugh class is commonly used as a basis for estimating hepatic reserve, with resection confined to patients who are Child-Pugh class A; in Asia indocyanine green retention rate at 15 min (ICG 15) is often used as a direct measure of liver function33


[ ADDIN EN.CITE ,34]
. Portal hypertension as assessed by platelet count or direct measurement of hepatic venous pressure gradient (HVPG) has been recognized as a major prognostic factor in the treatment of HCC35


[ ADDIN EN.CITE ,36]
. The Barcelona Clinic Liver Cancer group showed 70% 5-year survival for patients without portal hypertension and with bilirubin < 1 compared with 50% in patients with both risk factors present4


[ ADDIN EN.CITE ]
.

Preoperative portal vein embolization (PVE) is often employed to induce growth of the remnant liver prior to major resection, typically right hepatectomy11


[ ADDIN EN.CITE ,37,38]
. The regenerative response to PVE in cirrhosis is less-reliable and takes longer than with normal parenchyma; indeed, response to PVE may be considered a “stress test” for the liver. While anatomic resection is of proven benefit in HCC, it is preferable to perform limited anatomic resection, i.e. segmentectomy or sectorectomy, when possible and to avoid right hepatectomy in cirrhotic patients39[]
. 

The main prognostic predictors after liver function status are tumor size, number of tumors, presence of satellite lesions, and vascular invasion4


[ ADDIN EN.CITE ,40-42]
. These factors should be carefully assessed by contrast-enhanced computed tomography and/or magnetic resonance imaging. Intraoperative ultrasonography is routine in resection of HCC, enabling detection of additional small nodules and defining the relationship of the tumor to intrahepatic structures. 

Perioperative outcome: The perioperative mortality of major resection has decreased in the past few decades from 15% in the 1980s to 3%-5% in the majority of large referral centers, with some centers reporting < 1% mortality10


[ ADDIN EN.CITE ,11,32]
. Predictors of perioperative mortality are primarily related to liver function and include Child-Pugh class, degree of hepatic fibrosis, total bilirubin level, presence of clinically relevant portal hypertension, and platelet count. 

High operative blood loss and transfusions have repeatedly been shown to correlate with poor outcome; refinement of patient selection as well as of surgical technique has led to improvement in this regard. Inflow occlusion (Pringle maneuver) is widely applied, and many studies have compared different occlusion methods43


[ ADDIN EN.CITE ,44]
. Intermittent inflow occlusion has been shown to decrease ischemia/reperfusion injury with subsequently reduced morbidity and mortality rates, and is the procedure of choice at most centers. Total hepatic vascular exclusion has a role in resection of tumors that are adjacent to the vena cava and/or large hepatic veins, but is rarely applied in cirrhotic patients. In all cases, maintenance of low central venous pressure (< 5 mmHg) by the anesthesiologist is the best way to limit bleeding from hepatic veins during the division of the liver11


[ ADDIN EN.CITE ]
.

There is an array of techniques and technologies available for dividing liver parenchyma45[]
. Since no one method is suitable for all situations, it is important to master a few techniques and to have a flexible approach.

These combined strategies, in addition to improved perioperative management, have led to a decrease in blood transfusion from 80% to 90% to less than 10% over the past two decades11


[ ADDIN EN.CITE ]
. 

Recurrence and survival: Recurrence after resection is common; even with early-stage HCC recurrence develops in approximately 20%, 50% and 75% of patients at 1 year, 3 years and 5 years, respectively4


[ ADDIN EN.CITE ,16,32]
. Recurrence of HCC may be the result either of metastasis from the primary tumor that was resected (true recurrence), or de novo HCC due to the underlying predisposition; while molecular testing is required to definitively distinguish between the two, most true recurrence manifests within 2 years of resection, and thus 2 years is often adopted as a practical cut-off to distinguish between true recurrence and de novo HCC7


[ ADDIN EN.CITE ,42]
. Predictors of true recurrence include tumor grade, microscopic and macroscopic vascular invasion, tumor size, number of tumors, presence of satellites, alpha-fetoprotein level, transfusion, and positive surgical margin4


[ ADDIN EN.CITE ,40-42]
. Postresection survival rates are in the range of 80%-92% at 1 year, 61%-86% at 3 years, and 41%-74% at 5 years (Table 2)4


[ ADDIN EN.CITE ,5,17,46-49]
. The nature of the underlying liver disease is important: patient survival is higher and HCC recurrence is less-common in patients with hepatitis B compared to those with hepatitis C42


[ ADDIN EN.CITE ]
. The independent predictors of recurrence and survival are summarized in Table 34


[ ADDIN EN.CITE ,41,42,47,50-52]
. 
Adjuvant therapies to prevent recurrence: The only adjuvant therapy of proven value is treatment of underlying viral hepatitis. Remarkable advances have been made in the past decade in preventing recurrent HCC with the use of antiviral treatment, either after local resection or locoregional tumor ablation. Antiviral therapy of hepatitis B, especially with nucleoside analogues, has been shown to reduce de novo HCC recurrence as well as to retard progression of cirrhosis16


[ ADDIN EN.CITE ,53,54]
. Similarly, interferon-based therapy has been shown to reduce de novo HCC in patients who comply with the treatment regimen55


[ ADDIN EN.CITE ,56]
. Several RCT have been conducted to explore strategies to prevent true recurrence (Table 4)57-64


[ ADDIN EN.CITE ]
. Chemoembolization, systemic chemotherapy, and interferon did not provide benefit59


[ ADDIN EN.CITE ,65]
. Intraarterial radiotherapy with iodine-131 (131I) iodized oil  showed improved outcome in two small RCT’s but is currently unavailable66


[ ADDIN EN.CITE ,67]
. Decreased HCC recurrence was reported with acyclic retinoids in 1996, but a follow-up study has proven negative68


[ ADDIN EN.CITE ]
. Samuel et al69


[ ADDIN EN.CITE ]
 published a review of 12 RCTs and demonstrated no clear evidence for the efficacy of any of the adjuvant or neoadjuvant protocol. The result of a large randomized trial evaluating sorafenib in the adjuvant setting is currently underway70[]
. 

Treatment of recurrent HCC after resection: In 65%-80% of cases of recurrent HCC the liver is the sole site of disease42


[ ADDIN EN.CITE ]
. Repeat resection has been widely accepted as the treatment of choice for recurrent intrahepatic HCC in patients with well preserved liver function and solitary tumors71[]
. Applicability of repeat hepatectomy in published series ranges from 10% to 35%, with 5-year survival reported from 37%-87%71


[ ADDIN EN.CITE ,72]
. Roayaie et al71[]
 identified time from primary resection to recurrence (<1 year) and presence of gross vascular invasion at second hepatectomy as predictors of poor outcome in patients undergoing repeat hepatectomy, providing some guidance in case selection.

OLT may be applied secondarily to treat recurrent HCC after hepatectomy and several authors have explored the possibilities of “salvage” transplantation73-75


[ ADDIN EN.CITE ]
. Cherqui et al76


[ ADDIN EN.CITE ]
 found that 61% of patients with recurrent HCC after resection had recurrence within transplant eligibility criteria, and that 5-year survival after retransplant was 70%. 

TACE is the most widely used treatment modality for recurrent intrahepatic HCC in patients with unresectable disease. Several retrospective studies have reported 1-year survival of 64%-88% with 5-year survival ranging from 0%-27%77


[ ADDIN EN.CITE , 78]
. These results are not dissimilar to those reported in primary BCLC B HCC. 

There are few data available on the management of extrahepatic recurrence after hepatectomy, all from small case series. Independent predictors of survival after recurrence include time from primary resection to recurrence > vs < 1 year, size and number of recurrent tumor nodules, site of recurrence, AFP level at recurrence, and type of treatment77-80


[ ADDIN EN.CITE ]
. These studies suggest that aggressive surgical treatment may be of benefit in patients with isolated metastasis, with the most common site being the lung: Lam et al81[]
 reported 67% 5-year survival after resection of solitary lung metastasis.

Transplantation

Selection criteria: Liver transplantation (OLT) is an appealing option for cirrhotic patients with early stage HCC, since it allows removal of both detectable and undetectable HCC in the liver and also treats the underlying cirrhosis. OLT is, however, limited by graft shortage, and appropriate patient selection is critical to achieving satisfactory results4


[ ADDIN EN.CITE ,18]
. The outcomes have improved in the past decades with 5-year survival rates from 18%-40% the 1980s rising to 85% 1-year and 70% 5-year survival in recent reports (Table 2)4


[ ADDIN EN.CITE ,18,19,82-85]
. In a landmark study, Mazzaferro et al18


[ ADDIN EN.CITE ]
 proposed a strict criteria for OLT that result in survival rates equal to those in cirrhotic patients without HCC, with 5 year overall and recurrence free survival of 75% and 83% respectively. The “Milan Criteria” (solitary tumor ≤ 5 cm, or 2-3 nodules all <3 cm and without gross vascular invasion or extrahepatic spread) are now widely accepted as the basis for selecting candidates with HCC for transplantation and have been adopted in the US by UNOS (United Network for Organ Sharing) as the basis for prioritizing HCC patients for OLT18


[ ADDIN EN.CITE ]
. Consensus guidelines suggest that OLT is the treatment choice for patients with Child’s B cirrhosis and/or portal hypertension and HCC within Milan criteria; hepatectomy remains the accepted first-line treatment for patients with preserved liver function and early-stage HCC. 

Based on the success of OLT for HCC within Milan criteria, controversy has arisen over expansion of the Milan criteria (Table 5)18


[ ADDIN EN.CITE ,19,21,86-91]
. The most widely-recognized study (UCSF criteria) was proposed by Yao and colleagues as the UCSF criteria (single nodule < 6.5 cm, or ≤3 nodules the largest of which is ≤4.5 cm with the cumulative tumor diameters ≤8 cm)19


[ ADDIN EN.CITE ]
. Small studies evaluating post-OLT survival rates in patients who meet the UCSF but exceed the Milan criteria have shown 5-year survival ranging from 38%-93%92


[ ADDIN EN.CITE ,93]
. Although there is no question that many patients would be cured with the adoption of broader criteria, opponents challenge the expansion due to concern that it will lead to increased risk of vascular invasion and tumor recurrence that they consider unacceptable in light of the widespread donor organ shortage92


[ ADDIN EN.CITE ]
. 

Drop-out rates and downstaging: For patients without HCC, prioritization for OLT is based on the Model for End Stage Liver Disease (MELD) score94[]
. The MELD score, which ranges from 6 to 40 and is calculated based on total bilirubin, creatinine, and prothrombin time international normalized ratio (INR), provides an objective and reliable index of 3-mo mortality in cirrhotic patients94[]
. For patients with HCC, however, the primary risk is not death due to liver failure but rather progression of HCC to the point where transplant is no longer worthwhile. Current UNOS policy accords patients with T2 HCC (single nodule between 2-5 cm or 2-3 nodules all < 3 cm) an initial score of 22 points (“MELD exception”) that rises every three months as long as the tumor is maintained within Milan criteria95[]
. This has resulted in both increased transplant rates and excellent long-term outcomes94[]
.
Despite this policy, however, in many regions of the US patients must wait a year or more for a donor liver. As a result, drop-out from the waiting list due to tumor progression is an important problem that can significantly decrease the survival of transplant for HCC when viewed on an intention-to-treat basis4


[ ADDIN EN.CITE ]
. Identified risk for drop-out include multinodular tumors, failed neoadjuvant therapy, baseline AFP >200 ng/mL, or steady increase of >15 ng/mL/month96


[ ADDIN EN.CITE ]
. Numerous studies have examined the role of locoregional therapies as a “bridge” to OLT in order to prevent tumor progression and drop-out and possibly to improve posttransplant outcomes, but none are of adequate design or sufficient power to provide strong evidence in support of this approach7


[ ADDIN EN.CITE ,97]
. Thermal ablation techniques are typically employed to treat solitary nodules > 3 cm, while TACE is commonly preferred for larger or multinodular tumors98


[ ADDIN EN.CITE ,99]
. Based on the available evidence, guidelines recommend locoregional treatment of HCC in patients awaiting OLT when the estimated waiting time will exceed 6 months. 

In an attempt to better define a subset of patients with HCC beyond Milan criteria who could benefit from OLT, a number of reports have explored the concept of downstaging, i.e. nonsurgical tumor treatment to reduce the size and/or number of viable lesions to within acceptable criteria, typically the Milan criteria99


[ ADDIN EN.CITE ,100]
. The rationale of downstaging per se is dubious; all reported protocols include a minimum waiting period after locoregional therapy, typically 3-6 mo, to allow for assessment of tumor behavior. Several single-center studies have reported excellent results with patient survival and the incidence of HCC recurrence comparable those achieved in patients initially within Milan criteria; to this point the evidence is not strong enough for downstaging to have been accepted into guidelines or organ allocation policy100-103


[ ADDIN EN.CITE ]
. 

Living donor transplantation (LDLT) is, for patients with a suitable and willing donor, a way to eliminate waiting time and the attendant risk of drop-out. In patients fulfilling the Milan criteria, 5-year survival after LDLT is similar to after deceased donor OLT (Table 2), though there is a suggestion of a higher rate of HCC recurrence84


[ ADDIN EN.CITE ,85,104,105]
. Because there is no competition for living donor organs, many centers also offer this option to patients with HCC that is modestly beyond Milan criteria, with reported 5 year survival rates up to 60%106


[ ADDIN EN.CITE ,107]
. 

Recurrence and outcome: Post-OLT HCC recurrence is seen in 10%-15% of patients transplanted within the Milan criteria4


[ ADDIN EN.CITE ,18]
. It is the result of extrahepatic dissemination of HCC that has occurred before or during the transplant procedure, although interestingly intrahepatic recurrence is common site. The large majority of recurrences are within 2 years of OLT4


[ ADDIN EN.CITE ,18]
. Reported predictors of post-OLT HCC recurrence are summarized in Table 6, foremost among them being the finding of vascular invasion on examination of the explanted liver83


[ ADDIN EN.CITE ,108-112]
. 

Overall post-OLT 5-year survival for patients with HCC within Milan criteria is in the range of 70%-75%, though results in patients with associated hepatitis C are around 10% lower than in patients with other underlying diseases4


[ ADDIN EN.CITE ,18,113]
. When considering OLT as an alternative to resection in patients eligible for both, it becomes important to view OLT on an intention-to-treat basis, incorporating waiting list drop-out. When waiting time is > 6 mo, 5-year intention-to-treat survival has been shown to be reduced by 10%-20% (from 58%-81% to 47%-62%)114[]
. 

Post-OLT survival in patients with who develop HCC recurrence is approximately 22% at 5 years115


[ ADDIN EN.CITE ]
. Independent predictors of poor survival from the time of recurrence include tumor grade (poor), time to recurrence < 1 year, presence of bone metastasis115


[ ADDIN EN.CITE ]
. Patients who undergo locoregional or surgical treatment for recurrent HCC enjoy significantly better outcomes than other patients, but it is difficult to fully account for case selection bias in the available retrospective reports. Isolated hepatic recurrence, observed in 15%-20% of cases, is the pattern most amenable to locoregional therapy116[]
. Hepatic resection for isolated recurrent disease post-OLT can achieve 5-year survival up to 66%115-117


[ ADDIN EN.CITE ]
. Response to TACE for treatment of recurrent HCC has been demonstrated to be similar to that observed in primary HCC116


[ ADDIN EN.CITE ,118]
. A few Asian reports describe retransplantation for post-OLT HCC recurrence, but there is a broad consensus against this approach119


[ ADDIN EN.CITE ,120]
. 
Ablation

Thermal (RFA, microwave) or chemical (ethanol, acetic acid) is the treatment of choice in patients with single small tumors who are not candidates for surgery, and may be curative in well-selected candidates16


[ ADDIN EN.CITE ,114]
. 

Percutaneous ethanol injection (PEI) is a long-established technique for the treatment of nodular-type HCC, inducing coagulation necrosis of the lesion as a result of cellular dehydration, protein denaturation, and chemical occlusion of small tumor vessels121[]
. For tumors < 2 cm, PEI has been shown to yield equivalent results to thermal ablation; for larger tumors PEI is inferior to thermal ablation and is now rarely performed122


[ ADDIN EN.CITE ]
. 

Thermal ablation has now largely supplanted PEI, initially with RFA and more recently with microwave ablation121


[ ADDIN EN.CITE ,123]
. While most commonly performed percutaneously, ablation can also be done via an open or laparoscopic surgical approach. The thermal damage caused by heating is dependent on both the tissue temperature achieved and the duration of heating. In order to achieve adequate tumor destruction, the entire lesion must be exposed to cytotoxic temperatures; in order to assure this, a rim of nontumor tissue surrounding the lesion being treated is included in the ablation zone. Thermal ablation is associated with low major morbidity (2.2%-3.1%) and mortality (0.1%-0.5%) rates124


[ ADDIN EN.CITE ,125]
. Major complications include intraperitoneal hemorrhage, hepatic abscess, bile duct injury, and liver decompensation. Tumor seeding along the needle track has been reported as a rare (0.5%) late complication of RFA126


[ ADDIN EN.CITE ]
. 

The efficacy of RFA is reduced with increasing tumor size and the presence of large (3 mm or more) abutting vessels. Complete tumor necrosis in explanted liver specimens was shown in 83% of lesions > 3 cm and in 88% of tumors in nonperivascular locations 16


[ ADDIN EN.CITE ,125,127]
. Five RCTs and a meta-analysis have confirmed the superiority of RFA over PEI except in very small lesions (Table 7)122


[ ADDIN EN.CITE ,128-131]
. 

A number of studies have reported on long-term outcomes of RFA in the treatment of HCC. Lencioni et al have demonstrated 61% 5-year survival in patients with Child A cirrhosis and solitary HCC, compared with 51% in patients with Child A cirrhosis and multiple tumors and 31% in patients with Child B cirrhosis125


[ ADDIN EN.CITE ,132]
. 

The role of thermal ablation vis-à-vis resection has been the subject of a number of randomized trials. Chen et al24


[ ADDIN EN.CITE ]
. demonstrated no difference in overall or recurrence-free survival in patients with solitary HCC < 5 cm Huang et al133[]
, on the other hand, showed a significant survival benefit for surgical resection (75.6% 5-year OS, 28.7% RFS) over RFA (54.8% 5-year OS, 21.3% RFS) in patients with HCC within Milan criteria. Both of these studies have been criticized due to insufficient sample size and lack of non-inferiority design24


[ ADDIN EN.CITE ,133]
. Recently, Hasegawa et al134


[ ADDIN EN.CITE ]
 published data from a large Japanese cohort study and concluded that resection was associated with higher overall survival and lower recurrence rate than RFA or PEI in the treatment of HCC ≤ 3 cm. Livraghi et al135


[ ADDIN EN.CITE ]
 has reported complete tumor response in 97% of tumors ≤ 2 cm, with 5-year survival in patients with preserved hepatic function of 68%, in the process challenging resection as the first-line approach in such cases. Roayaie et al17


[ ADDIN EN.CITE ]
 eported the outcomes of resection at two large Western centers in patients for HCC ≤2 cm and showed a substantial incidence of vascular invasion, with anatomic resection resulting in significantly less recurrence than nonanatomic resection in patients with VI. The best results of resection, with 5-year survival of 81%, were achieved when the platelet count was > 150000.

Microwave ablation (MWA) is an emerging alternative method to RFA, inducing thermal injury using microwaves with a frequency of 900 kHz. Compared to RFA, MWA is less-susceptible to the heat sink effect of nearby blood vessels. In the one RCT thus far reported RFA proved superior with respect to local recurrence and complications rates, but with the rapid evolution of the technology the outcome of MWA has improved136


[ ADDIN EN.CITE ]
. 

The use of other ablative technologies including laser ablation, cryoablation, and irreversible electroporation, remains under clinical investigation16[]
.  

Chemoembolization

Transcatheter chemoembolization (TACE), the image-guided delivery of embolic particles +/- chemotherapeutic agents via selective injection into vessels feeding tumors in order to achieve cytoreduction, is a well-established treatment for intermediate stage (BCLC stage B) HCC16


[ ADDIN EN.CITE ,26,137]
. TACE has been shown both in RCTs and in a meta-analysis of RCT’s to provide survival benefit in patients with preserved liver function and HCC confined to the liver without macrovascular invasion: one RCT demonstrated 2-year survival of 63% vs 27% in untreated controls26


[ ADDIN EN.CITE ,27]
. Based on this evidence, TACE has been incorporated into guidelines on HCC management. 

Complications of TACE include nontarget embolization, postembolization syndrome (fever, abdominal pain, ileus), liver failure, cholecystitis, and acute portal vein thrombosis138


[ ADDIN EN.CITE ]
. Treatment-related mortality is seen in less than 5% of cases138


[ ADDIN EN.CITE ]
. Main portal vein thrombosis, poor liver function, and extrahepatic spread have been shown to be predictors of poor outcome and are considered contraindications for chemoembolization139


[ ADDIN EN.CITE ]
. Due to increased risk of hepatic necrosis and abscess formation, a total bilirubin level greater than 3 mg/mL should be considered a relative contraindication to TACE unless selective embolization can be performed. 


There is no universal standard technique for the performance of TACE; the choice of embolic agent, whether lipiodol is used, the choice of drugs, and the schedule (on demand vs at fixed intervals) all vary among centers. Most commonly, TACE is performed by injection of chemotherapy with or without lipiodol, followed by the injection of embolic particles to near stasis. More recently, the use of calibrated particles that adsorb chemotherapy when mixed with the drug prior to injection and slowly elute the drug after the procedure have been shown to result in fewer side-effects and, in high-risk cases, better results140


[ ADDIN EN.CITE ]
. 

Whether the addition of the chemotherapy in TACE provides benefit over bland embolization has been the subject of a number of trials (Table 8)122-124


[ ADDIN EN.CITE ,141-143]
. In a recent study, patients treated TACE using drug-eluting beads with epirubicin had a higher rate of complete necrosis (77% vs 27%) and a significantly decreased tumor progression rate compared to patients treated with bland embolization alone144


[ ADDIN EN.CITE ]
.

Radiation therapy and radioembolization
There is growing interest supported by a number of nonrandomized studies in the use of stereotactic body radiation therapy (SBRT) to treat HCC in a variety of settings (Table 9)145-149


[ ADDIN EN.CITE ]
. The best-defined role for SBRT is to treat isolated lesions of HCC, either as definitive therapy or neoadjavant to transplant, when the conventional modalities including TACE and thermal ablation are either not applicable or have failed to achieve tumor control. 

 Radioembolization via the hepatic artery using microspheres impregnated with yttrium-90 (Y90) has been investigated in the treatment of unresectable HCC (Table 9)28


[ ADDIN EN.CITE ,29,150-153]
. The safety of this technique has been demonstrated in multiple studies, and as there is minimal embolic effect it may be safely applied to patients with tumoral invasion of the portal vein. The treatment protocol requires preliminary investigations to exclude significant hepatopulmonary shunting and to assure that the arterial anatomy is suitable to allow treatment of the involved liver without deposition of microspheres in the gastrointestinal tract. 

Cohort and retrospective studies have evaluated the efficacy of radioembolization in the treatment of HCC28


[ ADDIN EN.CITE ,29,150-153]
. Pathologic examination of livers removed at transplant in which HCC had been treated with Y90 has demonstrated complete response in 61% of cases. Median survival for patients with macroscopic portal invasion has been reported at 12 mo. These data are encouraging, and a number of RCT’s are underway to clarify the role of Y90 treatment. 

Another agent, 131I iodized oil, has also been used for radioembolization. A small RCT from Hong Kong as well as a French study have shown increased survival after hepatic resection for HCC with postoperative adjuvant infusion of 131I lipiodol into the hepatic artery of the remnant liver60


[ ADDIN EN.CITE ,67]
. These results have yet to be replicated on a larger scale, and due to complexities in its production the agent is no longer available for clinical use.

Systemic therapy

Prior to 2007, there was no first-line systemic therapy with proven efficacy in HCC.  In that year Sorafenib, an oral tyrosine kinase inhibitor that suppresses tumor proliferation and angiogenesis, was shown in a large Western placebo-controlled RCT to significantly prolong survival (from 7.9 mo to 10.7 mo) in patients with Child’s A cirrhosis and advanced HCC (extrahepatic spread, macroscopic vascular invasion, or failure of locoregional treatment)30


[ ADDIN EN.CITE ]
. These findings were confirmed in a second trial conducted in Asia31


[ ADDIN EN.CITE ]
. Sorafenib was overall well-tolerated in both trials with the most common grade 3 drug-related side effects being diarrhea, weight loss, and hand/foot skin reactions30


[ ADDIN EN.CITE ,31]
.


Data on the efficacy and tolerability of sorafenib in patients with Child’s B cirrhosis are limited as the majority of patients enrolled in trials have been Child’s class A; such data as are available suggest markedly lower survival (median 3.2 mo for Child’s B compared to 9.5 mo in Child’s A cirrhosis)154-157


[ ADDIN EN.CITE ]
. Furthermore, data on safety and dosing in Child’s B patients are inadequate, particularly when the bilirubin level is elevated16


[ ADDIN EN.CITE ,155]
. Systemic therapy should be administered with caution in these patients. 

Encouraged by the success of sorafenib, a number of other studies have been undertaken using other targeted agents in combination with sorafenib, head-to-head against sorafenib, or as second-line after progression on or inability to tolerate sorafenib; to date, all completed studies have been negative (Table 10)158-163


[ ADDIN EN.CITE ]
. A RCT looking at sorafenib after chemoembolization in an attempt to prolong time to progression also provided no meaningful benefit. A large RCT of sorafenib vs placebo as adjuvant therapy after resection or ablation is currently underway70[]
. In view of these multiple failures in unselected populations of patients, attention is increasingly shifting to trial enrichment using molecular studies to identify subgroups of patients with identified drivers of tumor progression that may be rationally targeted with specific drugs. 
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Table 1  Existing series on treatment of hepatocellular cancer: evidence based benefit (NCI classification) and outcome

	Treatment
	Author
	Year
	Number
	5 year survival 

	Liver resection (Evidence 2A)
	Llovet[4]
	1999
	77
	51%

	
	2Fong[5]
	1999
	154
	57% 

	
	1Roayaie[17]
	2012
	132
	70%

	Liver transplantation (Evidence 2A)
	Mazzaferro[18]
	1996
	444
	73.3%

	
	Llovet[4]
	1999
	87
	69%

	
	Yao[19]
	2001
	70
	72.4%

	
	4 Roayaie[20]
	2002
	43
	44%

	
	3Mazzaferro[21]
	2009
	48
	75%

	Radiofrequency ablation (Evidence 2A)
	1Sala [22]
	2004
	34
	63 %

	
	Vivarelli[23]
	2004
	79
	33% (3 years)

	
	2Chen[24]
	2006
	71
	67.9% (4 years)

	Transarterial chemoembolization
	DETCH[25]
	1995
	50
	38% (2 years)

	(Evidence 1A)
	Llovet[26]
	2002
	40
	29% (3 years)

	
	Lo[27]
	2002
	40
	31% (2 years)

	Radiotherapy (Evidence 1A)
	6Carr[28]
	2004
	65
	Median 21.3 months

	
	5Salem[29]
	2011
	123
	Median 20.7 months

	Systemic therapy (Evidence 1A)
	Llovet[30]
	2008
	299
	10.7 months

	
	Cheng[31]
	2009
	150
	6.5 months


1 < 3 cm HCC; 2 < 5 cm HCC; 3within Milan criteria; 4 > 5 cm HCC; 5Child-Pugh A; 6 Stage I disease. DETCH: Group d’Etude et de Traitment du Carcinome He´patocellulaire. HCC: Hepatocellular carcinoma.
Table 2  Outcome of patients with hepatocellular carcinoma treated by resection, liver transplantation, and living donor liver transplantation

	Treatment
	No. of patients
	1 year survival (%)
	5 years survival

	Surgical resection
	
	
	

	Fong 1999[5]

	154


	81


	37



	Llovet 1999[4]

	177


	85


	51



	Poon 2002[46]

	2135


	90


	70



	Wayne 2002[47]

	249 (≤5 cm)


	83


	41



	Shrager 2012[48]

	1206


	60


	46



	Roayaie 2013[17]

	132 (≤ 2 cm)
	-
	70

	Liver transplantation


	
	
	

	Mazzaferro 1996[18]

	48


	84


	74



	Bismuth 1999[82]
	45


	82


	74



	Llovet 1999[4]

	79


	86


	75



	Jonas 2001[83]

	120


	90


	71



	Yao 2001[19]

	64
	87
	73

	Living donor transplantation


	
	
	

	Gondolesi 2004[84]

	15


	-

	86 (3 years)



	Todo 2004[85]

	137
	-
	79 (3 years)


1Cirrhosis; 2Child A cirrhosis and small lesion HCC. HCC: Hepatocellular carcinoma.
Table 3  Independent predictors of recurrence and survival in patients undergoing resection for hepatocellular carcinoma
	Authors
	No. of patients
	Variables

	Belghiti 1991[50]
	47
	Tumor size ≥ 5 cm

	
	
	AFP levels ≥ 100 ng/mL

	Llovet 1999[4]
	77
	Differentiation degree

	
	
	Multinodularity

	
	
	Satellites

	Imamura 2003[42]
	184
	Early recurrence (<2 years)

	
	
	Microvascular invasion

	
	
	AFP levels ≥ 32 ng/mL

	
	
	Non-anatomical resection

	
	
	Late recurrence (>2 years)

	
	
	Higher grade of hepatitis activity

	
	
	Multinodularity

	
	
	Gross tumor classification

	Roayaie 2009[41]
	131
	Invasion of a vessel with a muscular wall

	
	
	Tumor size > 10 cm

	Survival
	
	

	Llovet 1999[4]
	77
	Portal hypertenstion

	
	
	Bilirubin level (>1 mg/dL)

	Wayne 2002[47]
	249
	Child-Pugh (B) 

	
	
	Differentiation degree

(Edmonson-Steiner 1-2 vs 3-4)

Fibrosis

(Ishak score 0-4 vs 5-6)

	Vauthey 2002[51]
	557
	Vascular invasion

	
	
	Multinodularity

	
	
	Tumor size (>5 cm)

	
	
	Fibrosis

	Poon 2003[52]
	518
	Vascular invasion

	
	
	Tumor size (>5 cm)

	
	
	Multinodularity

	
	
	Cirrhosis

	
	
	AST >50 U/L

	
	
	Invasion of adjacent organs

	Roayaie 2009[41]
	131
	Invasion of a vessel with a muscular wall

	
	
	Invasion > 1 cm from tumor


AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma.
Table 4  Result of randomized controlled trials: Adjuvant/neoadjuvant treatment in resected hepatocellular cancer
	Authors
	Treatment
	Recurrence rate-3 yr

	Izumi 1994[57]
	Adjuvant arterial lipiodolization (23) vs control 27)
	No differences

	Lai 1998[58]
	Adjuvant chemoembolization (30) vs control (36)
	82% vs 52%, P =NS

	Yamasaki 1996[59]
	Neoadjuvant chemoembolization (50) vs control (47)
	54% vs 66%, P =NS

	Lau 1999[60]
	Adjuvant intraarterial lipiodol 131I (21) vs control (22)
	75% vs 38%, P =0.03

	Lygidakis 1996[61]
	Adjuvant chemoembolization +immunotherapy (49) vs control (42)
	36 mo vs 18 mo (OS)

	Takayama 2000[62]
	Adjuvant immunotherapy (76) vs control (74)
	33% vs 48%, P =0.008

	Yamamoto 1996[63]
	Adjuvant 5-FU (35) vs control (32)
	52% vs 75%, P =NS

	Kubo 2001[64]
	Adjuvant Interferon alpha (15) vs control (15)
	30% vs  60%, P=0.03


NS: Not significant; RCTs: Randomized controlled trials; OS: Overall survival. 
Table 5  Selection criteria for transplantation in hepatocellular carcinoma
	Authors
	No. of patients
	Selection criteria
	Survival rate at 5 years

	Mazzaferro 1996[18]
	48
	Milan criteria: single HCC <5 cm or up to 3 nodules <3 cm
	75 % (4 years)

	Yao 2001[19]
	70
	UCSF criteria: a maximum tumor size of 6.5 cm or 2 lesions ≤4.5 cm in diameter with a total tumor diameter of ≤8 m
	75%

	Kwon 2007[86]
	114
	HCC≤5 cm 
	87%

	
	
	AFP≤400 ng/mL
	

	Lee 2008[87]
	186
	Up to 6 nodules with a maximum diameter of <5 cm
	76%

	Mazzaferro 2009[21]
	283
	Up to 7 criteria: 7 as the sum of the largest size (cm) and the number of tumors
	71%

	Herrero 2001[88]
	154
	HCC ≤6 cm or ≤3 HCC≤5 cm
	73%

	Jonas 2007[89]
	21
	Any number, each ≤6 cm with cumulated diameter ≤15 cm
	62% at 3 years

	Toso 2008[90]
	288
	TTV ≤ 115 cm3 
	72%

	Sugawara 2007[91]
	78
	≤5 HCC≤5 cm
	70% at 3 years


TTV: Total tumor volume; HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; UCSF: University of California, San Francisco.
Table 6  Independent predictors of recurrence and survival in patients undergoing liver transplantation for hepatocellular carcinoma
	Authors
	No. of patients
	Variables

	Recurrence
	
	

	Iwatsuki 2000[108]
	344
	Bilobar disease

	
	
	Vascular invasion

	
	
	Tumor size (2-5 cm, >5 cm)

	Bismuth 1993[109]
	60
	Tumor size

	
	
	Number of tumors 

	
	
	Portal thrombus

	Roayaie 2000[110]
	119
	Tumor size

	
	
	Vascular invasion

	Hemming 2002[111]
	112
	Vascular invasion

	Survival
	
	

	Iwatsuki 2000[108]
	344
	Number of tumors (> 3)

	
	
	Vascular invasion

	Jonas 2001[83]
	120
	Vascular invasion

	
	
	Tumor grade


HCC: Hepatocellular carcinoma.
Table 7  Randomized controlled trial comparing radiofrequency ablation to percutaneous ethanol injection for the treatment of early stage hepatocellular carcinoma 
	Authors


	No. of patients
	Initial response (%)
	Failure (%)
	3 years survival (%)
	P value

	Lencioni 2003[128]
	RFA (52)
	91
	8
	81
	NS

	
	PEI (50)
	82
	34
	73
	

	Lin 2004[129]
	RFA (52)
	96

88
	17


	74


	0.014

	
	PEI (52)
	88
	45
	50
	

	Shiina 2005[122]
	RFA (118)
	100
	2
	80
	0.02

	
	PEI (114)
	100
	11
	63
	

	Lin 2005[130]
	RFA (62)
	97
	16
	74
	0.031

	
	PEI (62)
	89
	42
	51
	

	Brunello 2008[131]
	RFA (70)
	96
	34
	59
	NS

	
	PEI (69)
	66
	64
	57
	


RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; NS: Not significant. HCC: Hepatocellular carcinoma.
Table 8  Randomized controlled trias comparing transarterial chemoembolization or transarterial embolization to other treatments

	Authors


	No. of patients
	1 yr survival (%)
	2 yr survival

(%)
	P value

	Lin 1988[141]
TAE (gelfoam + ivalon)
	21
	42
	25
	NS

	TAE + IV 5-FU
	21
	20
	20
	

	IV 5-FU
	21
	13
	13
	

	Pelletier 1990[142]
TACE (doxorubicin, gelfoam)
	21
	24


	--


	NS

	Conservative treatment
	21
	33
	-
	

	GETCH 1995[25]
TACE (cisplatin, gelfoam)
	50
	62
	38
	NS

	Conservative treatment
	46
	43
	26
	

	Bruix 1998[143]
TAE (gelfoam, coils)
	40
	70
	49
	NS

	Conservative treatment
	40
	72
	50
	

	Lo 2002[27]
TACE (cisplatin, gelfoam)
	40
	57
	31
	0.002

	Conservative treatment
	39
	32
	11
	

	Llovet 2002[26]
TACE (doxorubicin, gelfoam)
	40
	82
	63
	0.009

	TAE (gelfoam)
	37
	75
	50
	

	Conservative treatment
	35
	63
	27
	


NS : Not significant; IV: Intravenous; GETCH: Groupe d’Etude et de Traitement du Carcinome He´patocellulaire; TACE: Transarterial chemoembolization; TAE: Transarterial embolization; RCT: Randomized controlled trial.
Table 9  Existing series on treatment of hepatocellular cancer: stereotactic body radiation therapy and radioembolization with yttrium-90
	Treatment
	Author
	Year
	Number
	Overall survival 

	Radiotherapy
	
	
	
	

	
	Kwon[145]
	2010
	42
	58.6% (3 yr)

	
	Andolino[146]
	2011
	60
	67% (2 yr)

	
	Huang[147]
	2012
	36
	64% (2 yr)

	
	Kang[148]
	2012
	47
	68.7% (2 yr)

	
	Facciuto[149]
	2012
	117
	1Median 32 mo

	Radioembolization
	
	
	
	

	
	Carr[28]
	2004
	65
	Median 21.3 mo

	
	Sangro[150]
	2006
	24
	Median 7 mo

	
	Kulik[151]
	2008
	108
	2Median 15.6 mo

3Median 4.4 mo

	
	Hilgard[152]
	2010
	108
	Median 16.4 mo

	
	Salem[153]
	2010
	291
	4Median 7.7 mo

	
	Salem[29]
	2011
	123
	Median 20.7 mo


1Post liver transplant; 2No portal vein thrombosis; 3With main portal vein thrombosis; 4 Child B cirrhosis.
Table 10  Ongoing and reported randomized phase II-III trials in the treatment of advanced hepatocellular carcinoma
1ClinicalTrials.gov. Available at: http://www.clinicaltrials.gov/. OS: Overall survival.
	Treatment
	Acronym


	Treatment
	Primary outcome 

	First line treatment
	
	
	

	
	1SEARCH
	Erlotinib + Sorafinib vs  Sorafenib
	OS

	
	1BRISK-FL
	Brivanib vs Sorafenib
	OS

	
	-
	Linifanib  vs  Sorafenib
	OS

	Second line treatment
	
	
	

	
	1EVOLVE-1
	Everolimus  vs  Placebo
	OS

	
	1BRISK
	Brivanib  vs  Placebo
	OS

	
	1BRISK-APS
	Brivanib  vs  Placebo
	OS 

	Phase 2 trial (reported)
	
	
	

	
	Toh 2010[158]
	Linifanib
	OS: 9.7 mo

	
	Hsu 2010[159]
	Sorafenib + Tegafur/Uracil
	OS: 7.4 mo

	
	Thomas 2007[160]
	Erlotinib
	OS: 6.25 mo

	
	Thomas 2009[161]
	Erlotinib + Bevacizumab
	OS: 15.7 mo

	
	Faivre 2009[162]
	Sunitinib
	OS: 8 mo
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Figure 1  Barcelona Clinic Liver Cancer staging system and treatment strategy (2011). BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; CLT: Cadaveric liver tansplantation; LDLT: Living donor transplantation; RF: Radiofrequency; PEI: Percutaneous ethanol injection; TACE: Transarterial chemoembolization; PST: Performance status tast.
