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Abstract
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Management of hepatocellular carcinoma (HCC) with portal vein thrombosis (PVT) is complex and requires an understanding of multiple therapeutic options.  PVT is present in 10%-40% of HCC at the time of diagnosis, and is an adverse prognostic factor. Management options are limited, as transplantation is generally contraindicated, and surgical resection is only rarely performed in select centers. Systemic medical therapy with sorafenib has been shown to modestly prolong survival. Transarterial chemoembolization has been performed in select cases but has shown a high incidence of complications. Emerging data on treatment of PVT with Y-90 radioembolization suggest that this modality is well-tolerated and associated with favorable overall survival. Current society guidelines do not yet specifically recommend radioembolization for patients with PVT, but this may change with the development of newer staging systems and treatment algorithms.  In this comprehensive literature review, we present current and available management options with its relative advantages, disadvantages and contraindications of these treatment options with summarized data on overall survival.
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Core tip: Management for hepatocellular carcinoma (HCC) with portal vein thrombosis (PVT) is more challenging and limited than for HCC without PVT. Currently, liver transplantation is generally contraindicated and surgical resection with curative intent is controversial. Systemic chemotherapy with sorafenib has been shown to modestly prolong survival. Transarterial chemoembolization has traditionally been considered to be contraindicated due to its high embolic effect causing hepatic necrosis and worsening liver dysfunction. External radiation therapy is limited by the sensitivity of the liver to radiation toxicity. In this review, these treatment options are comprehensively presented, along with a relatively new modality in the treatment of HCC, selective internal radiation therapy with yttrium-90.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver cancer, the sixth most common cancer overall, and the third most common cause of cancer-related death worldwide[1]. It is responsible for over 700000 deaths annually[2,3]. In Western countries, the incidence of HCC is expected to increase in the coming years because of an aging cohort of patients infected with hepatitis C several decades ago and the rising epidemic of nonalcoholic fatty liver disease[4-7].
	Portal vein thrombosis (PVT) is a common complication of HCC, which is associated with a poor prognosis.  Approximately 10%-40% patients with HCC have PVT at the time of diagnosis[8-10], and approximately 35%-44% will be found to have PVT at the time of death or liver transplant[11]. Patients with PVT are more likely to have metastatic disease at diagnosis, have fewer therapeutic options, and have shortened overall survival compared to patients without PVT. In patients with PVT treated with supportive care, studies have reported overall survival ranging from two to four months, compared to 10-24 mo in HCC patients without PVT[9,10,12]. Thrombus involving the main portal vein is a worse prognostic factor than thrombus involving a branch portal vein[13].
	Management options for HCC with PVT are more limited than for HCC without PVT. Liver transplantation is generally contraindicated in these patients, and surgical resection with curative intent is controversial and not performed in most centers. Percutaneous ablation, another potentially curative therapy for small tumors, is less effective and potentially unsafe for tumors with PVT due to their proximity to the hepatic vascular structures. Transarterial chemoembolization (TACE) has traditionally been considered to be contraindicated in cases of PVT due to its high embolic effect and the potential for inducing hepatic necrosis and worsening liver dysfunction. External radiation therapy is limited by the sensitivity of the liver to radiation toxicity and the poor hepatic reserve of most HCC patients. These treatment options are reviewed below, along with a relatively new modality in the treatment of HCC, selective internal radiation therapy with yttrium-90, which is finding application in the treatment of HCC with PVT (Table 1).

SURGICAL MANAGEMENT
For eligible patients, liver transplantation remains the definitive curative treatment for cirrhosis as well as for hepatocellular carcinoma. However, due to high rates of tumor recurrence after transplantation in cases of HCC with PVT, transplantation is generally regarded as contraindicated in these patients[14-16]. Surgical resection is often technically infeasible in patients with PVT, and is associated with poorer outcomes. In a series of 406 patients who underwent partial hepatectomy for HCC with PVT, the one- and three-year overall survival were 34% and 13%, respectively, and the corresponding disease-free survival rates were 13% and 5%[17]. Another large series of 438 PVT patients who underwent resection for PVT found main portal vein tumor thrombus to be a significant risk factor for recurrence at 1 year, compared to branch portal vein (79% vs 45%)[18]. Overall survival in this series was 18.8 months with branch portal involvement and 10.1 months with main portal involvement. Smaller series have reported overall survivals of 9 to 15 mo in selected patients, mostly with good underlying liver function, many of whom received additional treatments[19-22]. These series generally report operative mortality rates of 0-6%.
	The most common staging system for HCC employed in American and European centers, the Barcelona Clinic Liver Cancer (BCLC) system, recommends against surgical resection in cases of PVT[23]. Surgical resection for HCC with PVT is more frequently employed across Asia[24], where hepatitis B is more common as a predisposing risk factor and patients tend to have better underlying liver function. Some centers have reported survival outcomes for patients with various degrees of portal vein invasion ranging from 9 to 33 mo[13]. Outcomes of surgical resection for tumors involving the main portal vein remain relatively poor in these series, with reported median survival of nine to ten months, and 3-year survival rates of zero to six percent.

SYSTEMIC THERAPY
Sorafenib is an oral multikinase inhibitor that targets tumor cell proliferation and angiogenesis. It was the first systemic agent shown to improve overall survival in patients with unresectable HCC, including those with PVT, and it is currently the only therapy specifically recommended for HCC with PVT in American Association for the Study of Liver Disease (AASLD) and European Association for Study of the Liver (EASL) guidelines[25,26]. The Sorafenib HCC Assessment Randomized Protocol (SHARP) trial[27] compared sorafenib to placebo in patients with good baseline liver function (mostly Child-Pugh A) with advanced, unresectable HCC. Median survival in the treatment group was 10.7 mo compared to 7.9 mo in the control group. In a subgroup analysis[28], patients with macroscopic vascular invasion, presumably largely consisting of PVT, had an overall survival of 8.1 months in the sorafenib group, compared to 4.9 in the control group. The respective times to progression were 4.1 and 2.7 mo. Both of these differences were significant. The Sorafenib Asia-Pacific Trial, the other landmark trial of oral sorafenib for patients with advanced stage HCC, obtained largely concordant results[29]. Sorafenib was found to prolong overall survival in all patients with unresectable HCC (6.5 mo vs 4.2 mo). In subgroup analyses[30], sorafenib was found to have modestly prolonged survival in patients with macroscopic vascular invasion and/or extrahepatic spread of tumor (5.6 vs 4.1). Time to progression was likewise somewhat prolonged (2.7 mo vs 1.2 mo). 
Subsequent studies have confirmed that sorafenib confers a relatively similar survival benefit to patients with PVT compared to those without, with a similar safety profile[31]. The most frequent adverse reactions to sorafenib are hand-foot skin reaction, diarrhea, and fatigue, which necessitate dose reduction or discontinuation in a minority of patients. 
Sorafenib is considered appropriate for patients with unresectable HCC whose liver disease remains well-compensated (Child-Pugh A). A portion of Child-Pugh B patients may benefit from sorafenib[32], however Child-Pugh C patients are unlikely to benefit from sorafenib due to their limited life expectancy and inability to tolerate the medication[33]. Treatment is generally continued until there is evidence of disease progression or death.  Combination of sorafenib with locoregional therapies remains an area of active investigation. Besides sorafenib, multiple additional agents are under investigation, but so far none have demonstrated efficacy in phase III trials, either in the setting of progression on sorafenib or as primary therapy[34]. Although a select group of patients responds remarkably to sorafenib, even to the point of downstaging[35,36], the majority of patients with PVT have relatively short overall survival expectancy despite treatment, which has inspired continued efforts at developing locoregional therapeutic options.

TRANSARTERIAL CHEMOEMBOLIZATION
TACE is a percutaneous technique for delivering chemotherapeutic agent (generally either cisplatin or doxorubicin) directly to a liver tumor via its arterial blood supply. The drug is suspended in iodized ethyl esters of poppyseed oil (lipiodol), or impregnated into drug-eluting beads, and is then delivered directly into the feeding tumoral artery. TACE takes advantage of the fact that HCC is preferentially fed by the hepatic arterial circulation, while the majority of blood flow to the normal liver comes from the portal vein, which allows relatively selective targeting of tumor and sparing of uninvolved liver. TACE has an established role as a locoregional therapy for inoperable tumors, which has been shown to prolong survival[37-39], and as a means of maintaining local control of tumor while a patient awaits definitive surgical management, the so-called “bridge to transplant”[26].
	Historically, PVT has been considered a contraindication to TACE due to the risk of precipitating liver necrosis and worsened liver dysfunction, related to the embolic effect of TACE on an already compromised hepatic vascular supply. In more recent years, several groups have reported that subselective and superselective TACE can be performed safely in some patients with PVT, and is associated with improved overall survival[40-47]. Overall survival among PVT patients treated with TACE in these studies ranged from 7.0 to 10.2 mo. In a large nonrandomized study, Luo and colleagues prospectively treated 164 patients with PVT with either lipiodol TACE or conservative treatment[43]. Twelve and 24 mo survival rates in the TACE group were significantly prolonged (30.9% and 9.2%, vs 3.8% and 0%), and the benefit was consistent across patients with segmental and main PVT. A 2013 meta-analysis examined eight controlled trials involving 1601 patients with PVT[48]. TACE was favored over conservative treatment in all studies, and pooled analysis estimated TACE to have a significantly beneficial effect on 6 month and 1 year mortality (HR = 0.41 and 0.44, respectively). In this analysis, TACE was favored for main as well as branch portal vein tumor thrombus, and in both Child-Pugh A and B cirrhotics, although there were fewer patients and more heterogeneity in these comparisons. A 2014 meta-analysis of 5 studies involving 600 patients likewise found TACE to be associated with improved 1-year survival compared with placebo in patients with PVT[47].
	Overall, TACE is now regarded as a viable therapeutic option for select patients with PVT, especially for those with nonocclusive thrombus or cavernous transformation of the portal vein, provided their underlying liver function is relatively preserved and their tumor burden is such that the procedure is technically achievable. However, reported overall survival of 7.4 to 10.2 mo is only marginally better than systemic sorafenib, and inferior to survival that has been reported with other modalities, in particular selective internal radiation therapy.

EXTERNAL RADIATION THERAPY
Use of external radiation therapy for liver lesions has traditionally been limited in patients with compromised underlying liver function. These patients are especially prone to develop radiation-induced liver disease, in the form of hepatic veno-occlusive disease[49,50]. However, newer techniques, in the form of stereotactic body radiation therapy, allow high doses of radiation to be delivered very selectively, with relative sparing of uninvolved liver[51,52]. 
There have been few studies specifically examining the effect of external radiation therapy in HCC with PVT. Toya and colleagues[53] achieved a median survival of 9.6 mo in 34 HCC patients with PVT using conformal radiation therapy. Lee and colleagues treated 46 patients with PVT with conformal radiation therapy and reported complete or partial response in 33%[54]. In this series, patients who initially responded to treatment showed a 1-year survival of 66.8%, compared to 27.4% among nonresponders. Other groups have reported overall survival of 10 months or more in these patients when external radiation therapy is combined with other modalities[55-57], and some studies have specifically combined radiation with sorafenib[58,59] and TACE[60-63]. A recent retrospective series of 97 patients compared radiotherapy to systemic sorafenib in patients with PVT, and found that, after performing propensity score matching, radiotherapy was associated with longer overall survival[64]. Use of external radiation therapy for HCC is not yet regarded as standard treatment, but remains an area of active investigation.

SELECTIVE INTERNAL RADIATION THERAPY
Selective internal radiation therapy (SIRT) or transarterial radioembolization with yttrium-90 is a relatively new therapeutic modality for HCC and other liver tumors, in which therapeutic doses of radiation are delivered to the tumor transarterially. There are two commercial products currently available, SIR Spheres, which are 20-60 m particles made of a biocompatible resin, and Theraspheres, which are 20-30 m glass particles. Both are considered permanent embolic agents, although due to their small size have much less embolic effect than a TACE procedure, with less effect on hepatic vascular dynamics[65]. Indeed, continued blood flow to treated tissue is necessary and desirable for radiation to have its intended effect through the production of free radicals. Yttrium-90 is a pure beta-emitting isotope that decays to zirconium-90 with a half-life of 64.1 h. Ninety-four percent of the total radiation dose is delivered within 11 d of the procedure. The emitted radiation penetrates surrounding liver tissue to an average depth of 2.5mm and a maximum depth of 11mm, such that there is essentially no expected radiation exposure to non-treated individuals in contact with the patient, and post-procedure isolation precautions are not necessary. Radiation doses delivered to the tumor, however, can be very high due to preferential flow of embolic particles toward hypervascular tumor tissue, in a ratio of between 3 : 1 and 20 : 1 compared to unaffected liver[66]. Particles preferentially accumulate in the periphery of tumor masses, where most viable tumor cells are located. On the basis of explant studies, it has been estimated that local radiation doses on a microscopic scale may vary from 100 Gy to more than 3000 Gy[66]. The radiation dose may be delivered to the whole liver, to both lobes sequentially, to a single lobe, or to a segment. 
	SIRT has found application as a locoregional therapy for unresectable HCC that is not amenable to TACE because of diffuse or multifocal disease, or as an alternative to TACE[13,67]. Although no randomized controlled trials have been performed directly comparing SIRT with TACE or other local therapies, numerous retrospective series have reported favorable outcomes and acceptable safety profiles in HCC patients[68-71]. Subgroup analyses from the three largest series of HCC patients treated with SIRT, together totaling over 700 patients, 234 of whom had PVT, demonstrated remarkably similar overall survival times ranging from 10.0 to 10.4 mo among all patients with PVT[68-71]. The largest group of PVT patients, reported by Salem and colleagues, showed overall survival of 16.6 mo among Child-Pugh A cirrhotics with branch PVT, decreasing to 4.5 mo among Child-B cirrhotics with main PVT[70]. This and other series have reported better overall survival in patients who demonstrate complete or partial response by WHO or EASL criteria following SIRT. Smaller series of patients with PVT treated with SIRT have demonstrated largely concordant results, with overall survival ranging from 7.2 to 13 mo[72-75]. A recent prospective phase II trial including 35 patients with branch or main PVT treated with SIRT has reported an overall survival of 13 months[76]. In this study, Child-Pugh A patients showed an overall survival of 16 months, compared to 6 mo for Child-Pugh B patients. A small nonrandomized study compared outcomes in 32 patients with unresectable HCC, one half of whom had major vascular invasion, following either TACE or SIRT[77]. Among patients with major vascular invasion, the SIRT group showed an overall survival of 12.0 months, compared to 8.0 months in the TACE group.
	Toxicity of SIRT is generally mild compared to TACE. A robust post-embolization syndrome with fever, abdominal pain and elevated liver enzymes, such as is common after TACE, is infrequently seen. The most common side effects are fatigue (occurring in approximately 40% of treated patients) and elevated bilirubin (in approximately 20%)[78]. Most serious complications, including radiation pneumonitis, radiation cholecystitis, hepatic abscess, and radiation induced liver disease are reported in < 1% of patients. Gastrointestinal ulceration has been reported to occur in approximately 5% of patients[78], but several recent large series have reported a 0% rate of GI ulceration[70,76], and this complication may be largely avoidable with careful pre-procedure preparation and appropriate quantitative radiation dosing[79]. SIRT is commonly performed as an outpatient procedure, unlike TACE which usually requires at least an overnight hospital admission. However, SIRT does require a separate prior mapping procedure, consisting of mesenteric angiography to ensure that there are no branching vessels near the intended catheter position, such as the gastroduodenal artery or left gastric artery, which could result in off-target embolization to bowel. If these vessels are identified they may be preemptively coil-embolized. Generally as part of the same pre-SIRT mapping procedure, technetium-labelled macroaggregated albumin is injected from the intended catheter position, and subsequent scintigraphic or SPECT imaging is performed to quantify the fraction of embolic particles that are shunted to the lungs. The accepted safe radiation dose to the lungs is < 30 Gy in a single procedure, and < 50 Gy total over multiple procedures. Inability to prevent excessive lung dose or off-target embolization are contra-indications to SIRT. Additionally, ideal candidates for the procedure will have good ECOG performance status (≤ 2), relatively preserved liver function (bilirubin < 2, albumin > 3, platelets > 50), and adequate renal function (creatinine < 2)[78,80].

GUIDELINES FOR MANAGEMENT OF PORTAL VEIN TUMOR THROMBUS
The barcelona clinic liver cancer (BCLC) staging system regards portal vein invasion as advanced (stage C) disease, for which systemic therapy in the form of sorafenib is the recommended treatment[23]. Current guidelines from the AASLD[26] and the European Association for the Study of Liver (EASL)[81] largely embrace BCLC staging and treatment recommendations. AASLD guidelines recognize radioembolization as an effective treatment, but stop short of recommending it for any specific HCC-related indication due to lack of data directly comparing it to alternatives such as TACE or sorafenib. Current EASL guidelines discourage TACE for patients with macroscopic vascular invasion, and state that radioembolization can be safely performed on patients with PVT with promising results, but more study is needed before it can be recommended as standard therapy. 2014 guidelines from the National Comprehensive Cancer Network (NCCN) state that sorafenib and locoregional therapy are both options for patients with unresectable disease who are not transplant candidates, but that arterially directed therapies are relatively contraindicated in patients who have main portal vein thrombosis[82]. Resection for patients with major vascular invasion is described as controversial, but may be considered.

FUTURE DIRECTIONS
There are a number of staging systems to characterize HCC[25, 83-87]. The BCLC system has been widely adopted due to its robust prognostic and therapeutic validation. However, as therapeutic options for HCC, particularly for those patients with PVT, continue to evolve, limitations of the BCLC system have become evident. All patients with macroscopic vascular invasion are considered to have advanced, stage C disease, and are recommended for systemic treatment. Given the data on other surgical and locoregional treatments reviewed above, it is likely that this recommendation will come to be regarded as too limiting. The recently published Hong Kong Liver Cancer (HKLC) staging system[88] is based on a cohort of 3856 patients, and was developed using rigorous statistical modeling. This system separates extrahepatic from intrahepatic vascular invasion, and generally recommends more aggressive management of early and intermediate disease, which is likely more in line with current and evolving practice in specialized centers. The HKLC staging system may represent an important step in classifying HCC and guiding treatment, but requires further validation, including in Western cohorts, before it is likely to be adopted in major guidelines.
	An active area of investigation concerns the combination of sorafenib with locoregional therapies such as TACE and SIRT[89]. This combination may maximize tumor cell killing by preventing compensatory revascularization in response to proangiogenic factors elaborated by ischemic tumor cells. Subgroup analyses of the SHARP and Asia-Pacific trials both found sorafenib to be beneficial in patients who had received prior TACE[28,30], however these patients received sorafenib long after their TACE procedure. The two largest randomized controlled trials to combine TACE and sorafenib, involving 458 and 307 patients with unresectable HCC randomized to receive sorafenib or placebo following TACE, reported only modest benefits associated with the addition of sorafenib[90,91]. However, a smaller randomized controlled trial has shown a significant survival benefit[92], and nonrandomized series have likewise shown promising results[93-98]. These studies used varying protocols for combining TACE and sorafenib. Some, including the two largest, excluded patients with PVT.  The ongoing START trial is a phase II prospective study of the effect of combined TACE and sorafenib in patients with good performance status and mostly BCLC B tumors, although second order branch portal vein involvement was allowed. In an interim analysis of 147 patients[99], adverse events appeared similar to those associated with the treatments independently, and early outcomes data appeared encouraging. Overall, the safety and efficacy of combined TACE and sorafenib in the population of patients with PVT remains to be determined.
	Fewer studies have focused on the combination of SIRT with sorafenib. A recently published phase II trial of 29 patients with BCLC stage B or C disease treated with yttrium-90 SIRT followed by sorafenib initiated 14 days post procedure, reported similar rates and severity of treatment-related adverse events as would be expected with the treatments separately[100]. Importantly, eligibility for treatment with sorafenib, whether in the context of a trial or in routine clinical use, requires that the patient’s liver function be maintained, ideally at the Child-Pugh A level. A recent series of 63 patients with PVT and Child-Pugh score ≤ 7 treated with yttrium-90 SIRT found that progression of Child-Pugh A to Child-Pugh B disease at the time of tumor progression following SIRT occurred in 55% of patients[101]. It may therefore be prudent to initiate therapy with sorafenib relatively soon after the procedure, rather than waiting until the time of tumor progression, to derive the maximum survival benefit before the patient’s underlying liver function deteriorates to the point where sorafenib is contraindicated. The safest and most effective combination of TACE, SIRT and sorafenib in PVT and in HCC generally remains an area of active investigation, with several ongoing clinical trials[89]. Additionally, data from the ongoing GIDEON study, a global observational database of HCC patients treated with sorafenib, may likewise yield insights into the safety and efficacy of various combinations of therapies in the real-world clinical setting[102,103].
CONCLUSION 
HCC is a significant source of worldwide morbidity and mortality, and one that is likely to increase in prevalence in Western countries in the coming years. Despite the emergence of numerous effective, life-prolonging treatments for HCC, patients with PVT remain especially challenging to treat and continue to experience shortened survival. Orthotopic liver transplantation is generally contraindicated in these patients due to high rates of recurrence. Hepatic resection with curative intent is controversial and infrequently employed in American and European centers, but may offer favorable overall survival in selected patients, especially those with branch portal vein involvement and good liver function. In patients who are not surgical candidates, various therapies including systemic sorafenib, TACE, and yttrium-90 SIRT may be management options. Of these, SIRT has demonstrated excellent safety and tolerability, and a growing body of data supports its use in patients with PVT.







REFERENCES
[bookmark: OLE_LINK106]1 Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/S0140-6736(11)61347-0]
2 Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI: 10.1002/ijc.25516]
3 Yang JD, Roberts LR. Hepatocellular carcinoma: A global view. Nat Rev Gastroenterol Hepatol 2010; 7: 448-458 [PMID: 20628345 DOI: 10.1038/nrgastro.2010.100]
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]4 Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL, Harrison SA. Prevalence of Nonalcoholic Fatty Liver Disease and Nonalcoholic Steatohepatitis Among a Largely Middle-Aged Population Utilizing Ultrasound and Liver Biopsy: A Prospective Study. Gastroenterology 2011; 140: 124-131 [PMID: 20858492 DOI: 10.1053/J.Gastro.2010.09.038]
5 Vernon G, Baranova A, Younossi ZM. Systematic review: the epidemiology and natural history of non-alcoholic fatty liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI: 10.1111/j.1365-2036.2011.04724.x]
6 Lazo M, Hernaez R, Eberhardt MS, Bonekamp S, Kamel I, Guallar E, Koteish A, Brancati FL, Clark JM. Prevalence of nonalcoholic fatty liver disease in the United States: the Third National Health and Nutrition Examination Survey, 1988-1994. Am J Epidemiol 2013; 178: 38-45 [PMID: 23703888 DOI: 10.1093/aje/kws448]
7 El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gastroenterology 2012; 142: 1264-1273.e1 [PMID: 22537432 DOI: 10.1053/j.gastro.2011.12.061]
8 Cheung TK, Lai CL, Wong BC, Fung J, Yuen MF. Clinical features, biochemical parameters, and virological profiles of patients with hepatocellular carcinoma in Hong Kong. Aliment Pharmacol Ther 2006; 24: 573-583 [PMID: 16907890 DOI: 10.1111/j.1365-2036.2006.03029.x]
9 Minagawa M, Makuuchi M. Treatment of hepatocellular carcinoma accompanied by portal vein tumor thrombus. World J Gastroenterol 2006; 12: 7561-7567 [PMID: 17171782]
10 Llovet JM, Bustamante J, Castells A, Vilana R, Ayuso Mdel C, Sala M, Brú C, Rodés J, Bruix J. Natural history of untreated nonsurgical hepatocellular carcinoma: rationale for the design and evaluation of therapeutic trials. Hepatology 1999; 29: 62-67 [PMID: 9862851 DOI: 10.1002/hep.510290145]
11 Pirisi M, Avellini C, Fabris C, Scott C, Bardus P, Soardo G, Beltrami CA, Bartoli E. Portal vein thrombosis in hepatocellular carcinoma: age and sex distribution in an autopsy study. J Cancer Res Clin Oncol 1998; 124: 397-400 [PMID: 9719503]
12 Schöniger-Hekele M, Müller C, Kutilek M, Oesterreicher C, Ferenci P, Gangl A. Hepatocellular carcinoma in Central Europe: prognostic features and survival. Gut 2001; 48: 103-109 [PMID: 11115830]
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]13 Lau WY, Sangro B, Chen PJ, Cheng SQ, Chow P, Lee RC, Leung T, Han KH, Poon RTP. Treatment for Hepatocellular Carcinoma with Portal Vein Tumor Thrombosis: The Emerging Role for Radioembolization Using Yttrium-90. Oncology 2013; 84: 311-318 [PMID: 23615394 DOI: 10.1159/000348325]
14 Cillo U, Vitale A, Bassanello M, Boccagni P, Brolese A, Zanus G, Burra P, Fagiuoli S, Farinati F, Rugge M, D'Amico DF. Liver transplantation for the treatment of moderately or well-differentiated hepatocellular carcinoma. Ann Surg 2004; 239: 150-159 [PMID: 14745321 DOI: 10.1097/01.sla.0000109146.72827.76]
15 Gondolesi GE, Roayaie S, Muñoz L, Kim-Schluger L, Schiano T, Fishbein TM, Emre S, Miller CM, Schwartz ME. Adult living donor liver transplantation for patients with hepatocellular carcinoma: extending UNOS priority criteria. Ann Surg 2004; 239: 142-149 [PMID: 14745320 DOI: 10.1097/01.sla.0000109022.32391.eb]
16 Shimada M, Takenaka K, Gion T, Fujiwara Y, Kajiyama K, Maeda T, Shirabe K, Nishizaki T, Yanaga K, Sugimachi K. Prognosis of recurrent hepatocellular carcinoma: a 10-year surgical experience in Japan. Gastroenterology 1996; 111: 720-726 [PMID: 8780578]
17 Shi J, Lai EC, Li N, Guo WX, Xue J, Lau WY, Wu MC, Cheng SQ. Surgical treatment of hepatocellular carcinoma with portal vein tumor thrombus. Ann Surg Oncol 2010; 17: 2073-2080 [PMID: 20131013 DOI: 10.1245/s10434-010-0940-4]
18 Chen XP, Qiu FZ, Wu ZD, Zhang ZW, Huang ZY, Chen YF, Zhang BX, He SQ, Zhang WG. Effects of location and extension of portal vein tumor thrombus on long-term outcomes of surgical treatment for hepatocellular carcinoma. Ann Surg Oncol 2006; 13: 940-946 [PMID: 16788755 DOI: 10.1245/ASO.2006.08.007]
19 Roayaie S, Jibara G, Taouli B, Schwartz M. Resection of hepatocellular carcinoma with macroscopic vascular invasion. Ann Surg Oncol 2013; 20: 3754-3760 [PMID: 23884750 DOI: 10.1245/s10434-013-3074-7]
20 Pawlik TM, Poon RT, Abdalla EK, Ikai I, Nagorney DM, Belghiti J, Kianmanesh R, Ng IO, Curley SA, Yamaoka Y, Lauwers GY, Vauthey JN. Hepatectomy for hepatocellular carcinoma with major portal or hepatic vein invasion: results of a multicenter study. Surgery 2005; 137: 403-410 [PMID: 15800485 DOI: 10.1016/j.surg.2004.12.012]
21 Lin DX, Zhang QY, Li X, Ye QW, Lin F, Li LL. An aggressive approach leads to improved survival in hepatocellular carcinoma patients with portal vein tumor thrombus. J Cancer Res Clin Oncol 2011; 137: 139-149 [PMID: 20340033 DOI: 10.1007/s00432-010-0868-x]
22 Le Treut YP, Hardwigsen J, Ananian P, Saïsse J, Grégoire E, Richa H, Campan P. Resection of hepatocellular carcinoma with tumor thrombus in the major vasculature. A European case-control series. J Gastrointest Surg 2006; 10: 855-862 [PMID: 16769542 DOI: 10.1016/j.gassur.2005.12.011]
23 Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for staging and treatment: the BCLC update and future prospects. Semin Liver Dis 2010; 30: 61-74 [PMID: 20175034 DOI: 10.1055/s-0030-1247133]
24 Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL, Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK, Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF, Sarin SK. Asian Pacific Association for the Study of the Liver consensus recommendations on hepatocellular carcinoma. Hepatol Int 2010; 4: 439-474 [PMID: 20827404 DOI: 10.1007/s12072-010-9165-7]
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]25 A new prognostic system for hepatocellular carcinoma: a retrospective study of 435 patients: the Cancer of the Liver Italian Program (CLIP) investigators. Hepatology 1998; 28: 751-755 [PMID: 9731568 DOI: 10.1002/hep.510280322]
26 Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI: 10.1002/hep.24199]
27 Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath I, Häussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D, Bruix J. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med 2008; 359: 378-390 [PMID: 18650514 DOI: 10.1056/NEJMoa0708857]
28 Bruix J, Raoul JL, Sherman M, Mazzaferro V, Bolondi L, Craxi A, Galle PR, Santoro A, Beaugrand M, Sangiovanni A, Porta C, Gerken G, Marrero JA, Nadel A, Shan M, Moscovici M, Voliotis D, Llovet JM. Efficacy and safety of sorafenib in patients with advanced hepatocellular carcinoma: subanalyses of a phase III trial. J Hepatol 2012; 57: 821-829 [PMID: 22727733 DOI: 10.1016/j.jhep.2012.06.014]
29 Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, Tak WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular carcinoma: a phase III randomised, double-blind, placebo-controlled trial. Lancet Oncol 2009; 10: 25-34 [PMID: 19095497 DOI: 10.1016/S1470-2045(08)70285-7]
30 Cheng AL, Guan Z, Chen Z, Tsao CJ, Qin S, Kim JS, Yang TS, Tak WY, Pan H, Yu S, Xu J, Fang F, Zou J, Lentini G, Voliotis D, Kang YK. Efficacy and safety of sorafenib in patients with advanced hepatocellular carcinoma according to baseline status: subset analyses of the phase III Sorafenib Asia-Pacific trial. Eur J Cancer 2012; 48: 1452-1465 [PMID: 22240282 DOI: 10.1016/j.ejca.2011.12.006]
31 Yau T, Chan P, Ng KK, Chok SH, Cheung TT, Fan ST, Poon RT. Phase 2 open-label study of single-agent sorafenib in treating advanced hepatocellular carcinoma in a hepatitis B-endemic Asian population: presence of lung metastasis predicts poor response. Cancer 2009; 115: 428-436 [PMID: 19107763 DOI: 10.1002/cncr.24029]
32 Ozenne V, Paradis V, Pernot S, Castelnau C, Vullierme MP, Bouattour M, Valla D, Farges O, Degos F. Tolerance and outcome of patients with unresectable hepatocellular carcinoma treated with sorafenib. Eur J Gastroenterol Hepatol 2010; 22: 1106-1110 [PMID: 20300004 DOI: 10.1097/MEG.0b013e3283386053]
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]33 Peck-Radosavljevic M, Greten TF, Lammer J, Rosmorduc O, Sangro B, Santoro A, Bolondi L. Consensus on the current use of sorafenib for the treatment of hepatocellular carcinoma. European J Gastroenterol Hepatol 2010; 22: 391-398 [PMID: 19940784 DOI: 10.1097/Meg.0b013e328333df23]
34 Llovet JM, Hernandez-Gea V. Hepatocellular carcinoma: reasons for phase III failure and novel perspectives on trial design. Clin Cancer Res 2014; 20: 2072-2079 [PMID: 24589894 DOI: 10.1158/1078-0432.CCR-13-0547]
35 Barbier L, Muscari F, Le Guellec S, Pariente A, Otal P, Suc B. Liver resection after downstaging hepatocellular carcinoma with sorafenib. Int J Hepatol 2011; 2011: 791013 [PMID: 22135750 DOI: 10.4061/2011/791013]
36 Jeong SW, Jang JY, Shim KY, Lee SH, Kim SG, Cha SW, Kim YS, Cho YD, Kim HS, Kim BS, Kim KH, Kim JH. Practical effect of sorafenib monotherapy on advanced hepatocellular carcinoma and portal vein tumor thrombosis. Gut Liver 2013; 7: 696-703 [PMID: 24312711 DOI: 10.5009/gnl.2013.7.6.696]
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]37 Llovet JM, Real MI, Montana X, Planas R, Coll S, Aponte J, Ayuso C, Sala M, Muchart J, Sola R, Rodes J, Bruix J, Grp BCLC. Arterial embolisation or chemoembolisation versus symptomatic treatment in patients with unresectable hepatocellular carcinoma: a randomised controlled trial. Lancet 2002; 359: 1734-1739 [PMID: 12049862 DOI: 10.1016/S0140-6736(02)08649-X]
38 Llovet JM, Bruix J. Systematic review of randomized trials for unresectable hepatocellular carcinoma: Chemoembolization improves survival. Hepatology 2003; 37: 429-442 [PMID: 12540794 DOI: 10.1053/jhep.2003.50047]
39 Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, Fan ST, Wong J. Randomized controlled trial of transarterial lipiodol chemoembolization for unresectable hepatocellular carcinoma. Hepatology 2002; 35: 1164-1171 [PMID: 11981766 DOI: 10.1053/jhep.2002.33156]
40 Pinter M, Hucke F, Graziadei I, Vogel W, Maieron A, Königsberg R, Stauber R, Grünberger B, Müller C, Kölblinger C, Peck-Radosavljevic M, Sieghart W. Advanced-stage hepatocellular carcinoma: transarterial chemoembolization versus sorafenib. Radiology 2012; 263: 590-599 [PMID: 22438359 DOI: 10.1148/radiol.12111550]
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]41 Chung GE, Lee JH, Kim HY, Hwang SY, Kim JS, Chung JW, Yoon JH, Lee HS, Kim YJ. Transarterial Chemoembolization Can Be Safely Performed in Patients with Hepatocellular Carcinoma Invading the Main Portal Vein and May Improve the Overall Survival. Radiology 2011; 258: 627-634 [PMID: 21273524 DOI: 10.1148/Radiol.10101058]
42 Lee HS, Kim JS, Choi IJ, Chung JW, Park JH, Kim CY. The safety and efficacy of transcatheter arterial chemoembolization in the treatment of patients with hepatocellular carcinoma and main portal vein obstruction. A prospective controlled study. Cancer 1997; 79: 2087-2094 [PMID: 9179054]
43 Luo J, Guo RP, Lai EC, Zhang YJ, Lau WY, Chen MS, Shi M. Transarterial chemoembolization for unresectable hepatocellular carcinoma with portal vein tumor thrombosis: a prospective comparative study. Ann Surg Oncol 2011; 18: 413-420 [PMID: 20839057 DOI: 10.1245/s10434-010-1321-8]
44 Niu ZJ, Ma YL, Kang P, Ou SQ, Meng ZB, Li ZK, Qi F, Zhao C. Transarterial chemoembolization compared with conservative treatment for advanced hepatocellular carcinoma with portal vein tumor thrombus: using a new classification. Med Oncol 2012; 29: 2992-2997 [DOI: 10.1007/S12032-011-0145-0]
45 Kim KM, Kim JH, Park IS, Ko GY, Yoon HK, Sung KB, Lim YS, Lee HC, Chung YH, Lee YS, Suh DJ. Reappraisal of repeated transarterial chemoembolization in the treatment of hepatocellular carcinoma with portal vein invasion. J Gastroenterol Hepatol 2009; 24: 806-814 [PMID: 19207681 DOI: 10.1111/j.1440-1746.2008.05728.x]
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]46 Dai QS, Gu HL, Ye S, Zhang YJ, Lin XJ, Lau WY, Peng ZW, Chen MS. Transarterial chemoembolization vs. conservative treatment for unresectable infiltrating hepatocellular carcinoma: A retrospective comparative study. Mol Clin Oncol 2014; 2: 1047-1054 [PMID: 25279196 DOI: 10.3892/mco.2014.391]
[bookmark: OLE_LINK87][bookmark: OLE_LINK88]47 Leng JJ, Xu YZ, Dong JH. Efficacy of transarterial chemoembolization for hepatocellular carcinoma with portal vein thrombosis: a meta-analysis. ANZ J Surg 2014; Epub ahead of print [PMID: 25088384 DOI: 10.1111/ans.12803]
48 Xue TC, Xie XY, Zhang L, Yin X, Zhang BH, Ren ZG. Transarterial chemoembolization for hepatocellular carcinoma with portal vein tumor thrombus: a meta-analysis. BMC Gastroenterol 2013; 13: 60 [PMID: 23566041 DOI: 10.1186/1471-230X-13-60]
49 Lawrence TS, Robertson JM, Anscher MS, Jirtle RL, Ensminger WD, Fajardo LF. Hepatic toxicity resulting from cancer treatment. Int J Radiat Oncol Biol Phys 1995; 31: 1237-1248 [PMID: 7713785 DOI: 10.1016/0360-3016(94)00418-K]
50 Dawson LA, Ten Haken RK. Partial volume tolerance of the liver to radiation. Semin Radiat Oncol 2005; 15: 279-283 [PMID: 16183482 DOI: 10.1016/j.semradonc.2005.04.005]
51 Hoffe SE, Finkelstein SE, Russell MS, Shridhar R. Nonsurgical options for hepatocellular carcinoma: evolving role of external beam radiotherapy. Cancer Control 2010; 17: 100-110 [PMID: 20404793]
52 Jiang W, Zeng ZC. Is it time to adopt external beam radiotherapy in the NCCN guidelines as a therapeutic strategy for intermediate/advanced hepatocellular carcinoma? Oncology 2013; 84 Suppl 1: 69-74 [PMID: 23428862 DOI: 10.1159/000345893]
53 Toya R, Murakami R, Baba Y, Nishimura R, Morishita S, Ikeda O, Kawanaka K, Beppu T, Sugiyama S, Sakamoto T, Yamashita Y, Oya N. Conformal radiation therapy for portal vein tumor thrombosis of hepatocellular carcinoma. Radiother Oncol 2007; 84: 266-271 [PMID: 17716760 DOI: 10.1016/j.radonc.2007.07.005]
54 Lee JH, Kim DH, Ki YK, Nam JH, Heo J, Woo HY, Kim DW, Kim WT. Three-dimensional conformal radiotherapy for portal vein tumor thrombosis alone in advanced hepatocellular carcinoma. Radiat Oncol J 2014; 32: 170-178 [PMID: 25324989 DOI: 10.3857/roj.2014.32.3.170]
55 Sugiyama S, Beppu T, Ishiko T, Takahashi M, Masuda T, Hirata T, Imai K, Hayashi H, Takamori H, Kanemitsu K, Hirota M, Murakami R, Baba Y, Oya N, Yamashita Y, Baba H. Efficacy of radiotherapy for PV and IVC tumor thrombosis in unresectable HCC. Hepatogastroenterology 2007; 54: 1779-1782 [PMID: 18019717]
56 Hou JZ, Zeng ZC, Zhang JY, Fan J, Zhou J, Zeng MS. Influence of tumor thrombus location on the outcome of external-beam radiation therapy in advanced hepatocellular carcinoma with macrovascular invasion. Int J Radiat Oncol Biol Phys 2012; 84: 362-368 [PMID: 22381903 DOI: 10.1016/j.ijrobp.2011.12.024]
57 Yu JI, Park HC, Lim do H, Park W, Yoo BC, Paik SW, Koh KC, Lee JH. Prognostic index for portal vein tumor thrombosis in patients with hepatocellular carcinoma treated with radiation therapy. J Korean Med Sci 2011; 26: 1014-1022 [PMID: 21860551 DOI: 10.3346/jkms.2011.26.8.1014]
58 Hsieh CH, Jeng KS, Lin CC, Chen CK, Liu CY, Lin CP, Tai HC, Wang CH, Shueng PW, Chen YJ. Combination of sorafenib and intensity modulated radiotherapy for unresectable hepatocellular carcinoma. Clin Drug Investig 2009; 29: 65-71 [PMID: 19067476 DOI: 10.2165/0044011-200929010-00007]
59 Chen SW, Lin LC, Kuo YC, Liang JA, Kuo CC, Chiou JF. Phase 2 study of combined sorafenib and radiation therapy in patients with advanced hepatocellular carcinoma. Int J Radiat Oncol Biol Phys 2014; 88: 1041-1047 [PMID: 24661657 DOI: 10.1016/j.ijrobp.2014.01.017]
60 Park MS, Kim SU, Park JY, Kim do Y, Ahn SH, Han KH, Chon CY, Seong J. Combination treatment of localized concurrent chemoradiation therapy and transarterial chemoembolization in locally advanced hepatocellular carcinoma with intrahepatic metastasis. Cancer Chemother Pharmacol 2013; 71: 165-173 [PMID: 23079897 DOI: 10.1007/s00280-012-1993-9]
61 Cho JY, Paik YH, Park HC, Yu JI, Sohn W, Gwak GY, Choi MS, Lee JH, Koh KC, Paik SW, Yoo BC. The feasibility of combined transcatheter arterial chemoembolization and radiotherapy for advanced hepatocellular carcinoma. Liver Int 2014; 34: 795-801 [PMID: 24350564 DOI: 10.1111/liv.12445]
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]62 Lu DH, Fei ZL, Zhou JP, Hu ZT, Hao WS. A comparison between three-dimensional conformal radiotherapy combined with interventional treatment and interventional treatment alone for hepatocellular carcinoma with portal vein tumour thrombosis. J Med Imaging Radiat Oncol 2014; Epub ahead of print [PMID: 25088249 DOI: 10.1111/1754-9485.12207]
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]63 Kang J, Nie Q, DU R, Zhang L, Zhang J, Li Q, Li J, Qi W. Stereotactic body radiotherapy combined with transarterial chemoembolization for hepatocellular carcinoma with portal vein tumor thrombosis. Mol Clin Oncol 2014; 2: 43-50 [PMID: 24649306 DOI: 10.3892/mco.2013.196]
64 Nakazawa T, Hidaka H, Shibuya A, Okuwaki Y, Tanaka Y, Takada J, Minamino T, Watanabe M, Kokubu S, Koizumi W. Overall survival in response to sorafenib versus radiotherapy in unresectable hepatocellular carcinoma with major portal vein tumor thrombosis: propensity score analysis. BMC Gastroenterol 2014; 14: 84 [DOI: Artn 84 Doi 10.1186/1471-230x-14-84]
65 Sato K, Lewandowski RJ, Bui JT, Omary R, Hunter RD, Kulik L, Mulcahy M, Liu D, Chrisman H, Resnick S, Nemcek AA, Vogelzang R, Salem R. Treatment of unresectable primary and metastatic liver cancer with yttrium-90 microspheres (TheraSphere): assessment of hepatic arterial embolization. Cardiovasc Intervent Radiol 2006; 29: 522-529 [PMID: 16729228 DOI: 10.1007/s00270-005-0171-4]
66 Kennedy AS, Nutting C, Coldwell D, Gaiser J, Drachenberg C. Pathologic response and microdosimetry of (90)Y microspheres in man: review of four explanted whole livers. Int J Radiat Oncol Biol Phys 2004; 60: 1552-1563 [PMID: 15590187 DOI: 10.1016/j.ijrobp.2004.09.004]
67 Sangro B, Iñarrairaegui M, Bilbao JI. Radioembolization for hepatocellular carcinoma. J Hepatol 2012; 56: 464-473 [PMID: 21816126 DOI: 10.1016/j.jhep.2011.07.012]
68 D'Avola D, Lñarrairaegui M, Bilbao JI, Martinez-Cuesta A, Alegre F, Herrero JI, Quiroga J, Prieto J, Sangro B. A retrospective comparative analysis of the effect of Y90-radioembolization on the survival of patients with unresectable hepatocellular carcinoma. Hepatogastroenterology 2009; 56: 1683-1688 [PMID: 20214218]
69 Hilgard P, Hamami M, Fouly AE, Scherag A, Müller S, Ertle J, Heusner T, Cicinnati VR, Paul A, Bockisch A, Gerken G, Antoch G. Radioembolization with yttrium-90 glass microspheres in hepatocellular carcinoma: European experience on safety and long-term survival. Hepatology 2010; 52: 1741-1749 [PMID: 21038413 DOI: 10.1002/hep.23944]
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]70 Salem R, Lewandowski RJ, Mulcahy MF, Riaz A, Ryu RK, Ibrahim S, Atassi B, Baker T, Gates V, Miller FH, Sato KT, Wang E, Gupta R, Benson AB, Newman SB, Omary RA, Abecassis M, Kulik L. Radioembolization for Hepatocellular Carcinoma Using Yttrium-90 Microspheres: A Comprehensive Report of Long-term Outcomes. Gastroenterology 2010; 138: 52-64 [PMID: 19766639 DOI: 10.1053/J.Gastro.2009.09.006]
71 Sangro B, Carpanese L, Cianni R, Golfieri R, Gasparini D, Ezziddin S, Paprottka PM, Fiore F, Van Buskirk M, Bilbao JI, Ettorre GM, Salvatori R, Giampalma E, Geatti O, Wilhelm K, Hoffmann RT, Izzo F, Iñarrairaegui M, Maini CL, Urigo C, Cappelli A, Vit A, Ahmadzadehfar H, Jakobs TF, Lastoria S. Survival after yttrium-90 resin microsphere radioembolization of hepatocellular carcinoma across Barcelona clinic liver cancer stages: a European evaluation. Hepatology 2011; 54: 868-878 [PMID: 21618574 DOI: 10.1002/hep.24451]
72 Iñarrairaegui M, Thurston KG, Bilbao JI, D'Avola D, Rodriguez M, Arbizu J, Martinez-Cuesta A, Sangro B. Radioembolization with use of yttrium-90 resin microspheres in patients with hepatocellular carcinoma and portal vein thrombosis. J Vasc Interv Radiol 2010; 21: 1205-1212 [PMID: 20598574 DOI: 10.1016/j.jvir.2010.04.012]
73 Kulik LM, Carr BI, Mulcahy MF, Lewandowski RJ, Atassi B, Ryu RK, Sato KT, Benson A, Nemcek AA, Gates VL, Abecassis M, Omary RA, Salem R. Safety and efficacy of 90Y radiotherapy for hepatocellular carcinoma with and without portal vein thrombosis. Hepatology 2008; 47: 71-81 [PMID: 18027884 DOI: 10.1002/hep.21980]
74 Pracht M, Edeline J, Lenoir L, Latournerie M, Mesbah H, Audrain O, Rolland Y, Clément B, Raoul JL, Garin E, Boucher E. Lobar hepatocellular carcinoma with ipsilateral portal vein tumor thrombosis treated with yttrium-90 glass microsphere radioembolization: preliminary results. Int J Hepatol 2013; 2013: 827649 [PMID: 23476792 DOI: 10.1155/2013/827649]
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]75 Salem R, Lewandowski R, Roberts C, Goin J, Thurston K, Abouljoud M, Courtney A. Use of yttrium-90 glass microspheres (TheraSphere) for the treatment of unresectable hepatocellular carcinoma in patients with portal vein thrombosis. J Vasc Interv Radiol 2004; 15: 335-345 [PMID: 15064336 DOI: 10.1097/01.Rvi.0000123319.20705.92]
76 Mazzaferro V, Sposito C, Bhoori S, Romito R, Chiesa C, Morosi C, Maccauro M, Marchianò A, Bongini M, Lanocita R, Civelli E, Bombardieri E, Camerini T, Spreafico C. Yttrium-90 radioembolization for intermediate-advanced hepatocellular carcinoma: a phase 2 study. Hepatology 2013; 57: 1826-1837 [PMID: 22911442 DOI: 10.1002/hep.26014]
77 She WH, Cheung TT, Yau TC, Chan AC, Chok KS, Chu FS, Liu RK, Poon RT, Chan SC, Fan ST, Lo CM. Survival analysis of transarterial radioembolization with yttrium-90 for hepatocellular carcinoma patients with HBV infection. Hepatobiliary Surg Nutr 2014; 3: 185-193 [PMID: 25202695 DOI: 10.3978/j.issn.2304-3881.2014.07.09]
78 Coldwell D, Sangro B, Wasan H, Salem R, Kennedy A. General selection criteria of patients for radioembolization of liver tumors: an international working group report. Am J Clin Oncol 2011; 34: 337-341 [PMID: 20921882 DOI: 10.1097/COC.0b013e3181ec61bb]
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]79 Garin E, Rolland Y, Boucher E. Pre-therapeutic dosimetry evaluation and selective internal radiation therapy of hepatocellular carcinoma using yttrium-90-loaded microspheres. J hepatol 2013; 58: 1055-1056 [PMID: 23318603 DOI: 10.1016/j.jhep.2012.11.050]
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]80 Kennedy A, Nag S, Salem R, Murthy R, McEwan AJ, Nutting C, Benson A, Espat J, Bilbao JI, Sharma RA, Thomas JP, Coldwell D. Recommendations for radioembolization of hepatic malignancies using yttrium-90 microsphere brachytherapy: A consensus panel report from the Radioembolization Brachytherapy Oncology Consortium. Int J Radiat Oncol Biol Phys 2007; 68: 13-23 [PMID: 17448867 DOI: 10.1016/J.Ijrobp.2006.11.060]
[bookmark: OLE_LINK101][bookmark: OLE_LINK102]81 European Association For The Study Of The Liver1; European Organisation For Research And Treatment Of Cancer. EASL-EORTC clinical practice guidelines: management of hepatocellular carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI: 10.1016/j.jhep.2011.12.001]
82 National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology: Hepatobiliary cancers. Version 2.2014. 2014
83 Chevret S, Trinchet JC, Mathieu D, Rached AA, Beaugrand M, Chastang C. A new prognostic classification for predicting survival in patients with hepatocellular carcinoma. Groupe d'Etude et de Traitement du Carcinome Hépatocellulaire. J Hepatol 1999; 31: 133-141 [PMID: 10424293]
84 Kudo M, Chung H, Osaki Y. Prognostic staging system for hepatocellular carcinoma (CLIP score): its value and limitations, and a proposal for a new staging system, the Japan Integrated Staging Score (JIS score). J Gastroenterol 2003; 38: 207-215 [PMID: 12673442 DOI: 10.1007/s005350300038]
85 Leung TW, Tang AM, Zee B, Lau WY, Lai PB, Leung KL, Lau JT, Yu SC, Johnson PJ. Construction of the Chinese University Prognostic Index for hepatocellular carcinoma and comparison with the TNM staging system, the Okuda staging system, and the Cancer of the Liver Italian Program staging system: a study based on 926 patients. Cancer 2002; 94: 1760-1769 [PMID: 11920539]
86 Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging classification. Semin Liver Dis 1999; 19: 329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]
87 Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N, Hasegawa H, Nakajima Y, Ohnishi K. Natural history of hepatocellular carcinoma and prognosis in relation to treatment. Study of 850 patients. Cancer 1985; 56: 918-928 [PMID: 2990661]
88 Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Development of Hong Kong Liver Cancer staging system with treatment stratification for patients with hepatocellular carcinoma. Gastroenterology 2014; 146: 1691-700.e3 [PMID: 24583061 DOI: 10.1053/j.gastro.2014.02.032]
89 Weintraub JL, Salem R. Treatment of hepatocellular carcinoma combining sorafenib and transarterial locoregional therapy: state of the science. J Vasc Interv Radiol 2013; 24: 1123-1134 [PMID: 23562168 DOI: 10.1016/j.jvir.2013.01.494]
90 Kudo M, Imanaka K, Chida N, Nakachi K, Tak WY, Takayama T, Yoon JH, Hori T, Kumada H, Hayashi N, Kaneko S, Tsubouchi H, Suh DJ, Furuse J, Okusaka T, Tanaka K, Matsui O, Wada M, Yamaguchi I, Ohya T, Meinhardt G, Okita K. Phase III study of sorafenib after transarterial chemoembolisation in Japanese and Korean patients with unresectable hepatocellular carcinoma. Eur J Cancer 2011; 47: 2117-2127 [PMID: 21664811 DOI: 10.1016/j.ejca.2011.05.007]
91 Lencioni R, Llovet JM, Han G, Tak WY, Yang J, Leberre MA, Niu W, Nicholson K, Meinhardt G, Brui J. Sorafenib or placebo in combination with transarterial chemoembolization (TACE) with doxorubicin-eluting beads (DEBDOX) for intermediate-stage hepatocellular carcinoma (HCC): phase II, randomized, double-blind SPACE trial (abstr.). J Clin Oncol 2012; 30 (suppl 4; abstr LBA154)
92 Sansonno D, Lauletta G, Russi S, Conteduca V, Sansonno L, Dammacco F. Transarterial chemoembolization plus sorafenib: a sequential therapeutic scheme for HCV-related intermediate-stage hepatocellular carcinoma: a randomized clinical trial. Oncologist 2012; 17: 359-366 [PMID: 22334456 DOI: 10.1634/theoncologist.2011-0313]
93 Park JW, Koh YH, Kim HB, Kim HY, An S, Choi JI, Woo SM, Nam BH. Phase II study of concurrent transarterial chemoembolization and sorafenib in patients with unresectable hepatocellular carcinoma. J Hepatol 2012; 56: 1336-1342 [PMID: 22314421 DOI: 10.1016/j.jhep.2012.01.006]
94 Cabrera R, Pannu DS, Caridi J, Firpi RJ, Soldevila-Pico C, Morelli G, Clark V, Suman A, George TJ, Nelson DR. The combination of sorafenib with transarterial chemoembolisation for hepatocellular carcinoma. Aliment Pharmacol Ther 2011; 34: 205-213 [PMID: 21605146 DOI: 10.1111/j.1365-2036.2011.04697.x]
95 Pawlik TM, Reyes DK, Cosgrove D, Kamel IR, Bhagat N, Geschwind JF. Phase II trial of sorafenib combined with concurrent transarterial chemoembolization with drug-eluting beads for hepatocellular carcinoma. J Clin Oncol 2011; 29: 3960-3967 [PMID: 21911714 DOI: 10.1200/JCO.2011.37.1021]
96 Sieghart W, Pinter M, Reisegger M, Müller C, Ba-Ssalamah A, Lammer J, Peck-Radosavljevic M. Conventional transarterial chemoembolisation in combination with sorafenib for patients with hepatocellular carcinoma: a pilot study. Eur Radiol 2012; 22: 1214-1223 [PMID: 22215073 DOI: 10.1007/s00330-011-2368-z]
97 Zhao Y, Wang WJ, Guan S, Li HL, Xu RC, Wu JB, Liu JS, Li HP, Bai W, Yin ZX, Fan DM, Zhang ZL, Han GH. Sorafenib combined with transarterial chemoembolization for the treatment of advanced hepatocellular carcinoma: a large-scale multicenter study of 222 patients. Ann Oncol 2013; 24: 1786-1792 [PMID: 23508822 DOI: 10.1093/annonc/mdt072]
98 Zhu K, Chen J, Lai L, Meng X, Zhou B, Huang W, Cai M, Shan H. Hepatocellular carcinoma with portal vein tumor thrombus: treatment with transarterial chemoembolization combined with sorafenib--a retrospective controlled study. Radiology 2014; 272: 284-293 [PMID: 24708192 DOI: 10.1148/radiol.14131946]
99 Chung YH, Han G, Yoon JH, Yang J, Wang J, Shao GL, Kim BI, Lee TY, Chao Y. Interim analysis of START: Study in Asia of the combination of TACE (transcatheter arterial chemoembolization) with sorafenib in patients with hepatocellular carcinoma trial. Int J Cancer 2013; 132: 2448-2458 [PMID: 23129123 DOI: 10.1002/ijc.27925]
100 Chow PK, Poon DY, Khin MW, Singh H, Han HS, Goh AS, Choo SP, Lai HK, Lo RH, Tay KH, Lim TG, Gandhi M, Tan SB, Soo KC. Multicenter phase II study of sequential radioembolization-sorafenib therapy for inoperable hepatocellular carcinoma. PLoS One 2014; 9: e90909 [PMID: 24614178 DOI: 10.1371/journal.pone.0090909]
[bookmark: OLE_LINK103][bookmark: OLE_LINK104]101 Memon K, Kulik L, Lewandowski RJ, Mulcahy MF, Benson AB, Ganger D, Riaz A, Gupta R, Vouche M, Gates VL, Miller FH, Omary RA, Salem R. Radioembolization for hepatocellular carcinoma with portal vein thrombosis: Impact of liver function on systemic treatment options at disease progression. J Hepatol 2013; 58: 73-80 [PMID: 23000237 DOI: 10.1016/J.Jhep.2012.09.003]
102 Lencioni R, Kudo M, Ye SL, Bronowicki JP, Chen XP, Dagher L, Furuse J, Geschwind JF, Ladrón de Guevara L, Papandreou C, Sanyal AJ, Takayama T, Yoon SK, Nakajima K, Cihon F, Heldner S, Marrero JA. First interim analysis of the GIDEON (Global Investigation of therapeutic decisions in hepatocellular carcinoma and of its treatment with sorafeNib) non-interventional study. Int J Clin Pract 2012; 66: 675-683 [PMID: 22698419 DOI: 10.1111/j.1742-1241.2012.02940.x]
103 Lencioni R, Kudo M, Ye SL, Bronowicki JP, Chen XP, Dagher L, Furuse J, Geschwind JF, de Guevara LL, Papandreou C, Takayama T, Yoon SK, Nakajima K, Lehr R, Heldner S, Sanyal AJ. GIDEON (Global Investigation of therapeutic DEcisions in hepatocellular carcinoma and Of its treatment with sorafeNib): second interim analysis. Int J Clin Pract 2014; 68: 609-617 [PMID: 24283303 DOI: 10.1111/ijcp.12352]

[bookmark: OLE_LINK427][bookmark: OLE_LINK435][bookmark: OLE_LINK516][bookmark: OLE_LINK45]P-Reviewer:  Liu M, Wan JMF, Zhang LS S-Editor: Qi Y   L-Editor:   E-Editor:




Table 1 An up-to-date summary of management options for hepatocellular carcinoma with portal vein thrombosis


	　
	Survival data (mo)
	Adverse effects
	Key references
	Additional comments

	
	Overall survival
	Main PVTT
	Branch PVTT
	CP-A
	CP-B
	
	
	

	Supportive Care
	2-4
	　
	　
	　
	　
	　
	Schoniger 2001, Minagawa 2006, Llovet 1999(1)
	　

	Surgical Resection
	9-33
	9-10
	　
	　
	　
	0-6% operative mortality
	Lau 2013, Shi 2010, Chen 2006, Lin 2011
	Employed in select centers

	Sorafenib
	6-8
	　
	　
	8.1
	　
	skin reaction, diarrhea, fatigue
	Llovet 2008, Cheng 2009
	Recommended by AASLD and EASL guidelines; 

	
	
	
	
	
	
	
	
	Dose reduction in 25%, interruption in 44%

	XRT
	9.6
	　
	　
	　
	　
	radiation induced liver disease
	Toya 2007
	Investigational

	TACE
	7-10
	5.3
	10.2
	7.4
	2.8
	liver failure, postembolization syndrome
	Pinter 2012, Chung 2011, Luo 2011, Xue 2013
	Lowest risk with nonocclusive thrombus, cavernous transformation, superselective TACE

	Y-90 SIRT
	5-17
	9
	17
	10.4
	5.6
	fatigue, hyperbilirubinemia, GI ulceration
	Salem 2010, Hilgard 2010, Sangro 2011
	Currently, PVT is one of the indications for Y90.



