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Abstract
AIM: To investigate the efficacy (survival) and safety of treatments for recurrent hepatocellular carcinoma (HCC) in liver transplantation (LT) patients. 

METHODS: Literature search was performed on available online databases without a time limit until January 2015. Clinical studies describing survival after HCC recurrence in LT patients were retrieved for a full-text evaluation. A total of 61 studies were selected: 13 case reports, 41 retrospective case series, and 7 retrospective comparative studies.

RESULTS: Based on all included studies, the mean HCC recurrence rate was 16% of all LTs for HCC. A total of 1021 LT patients experienced HCC recurrence. The median time from LT to HCC recurrence was 13 mo (range 2-132 mo). The majority of patients (67%) presented with HCC extra-hepatic recurrences, involving lung, bone, adrenal gland, peritoneal lymph nodes, and rarely the brain. Overall survival after HCC recurrence was 12.97 mo. Surgical resection of localized HCC recurrence and Sorafenib for controlling systemic spread of HCC recurrence were associated with the higher survival rates (42 and 18 mo, respectively). However, Sorafenib, especially when combined with mTOR, was frequently associated with severe side effects that required dose reduction or discontinuation.

CONCLUSION: Management of recurrent HCC in LT patients is challenging and associated with poor prognosis independently of the type of treatment. 
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Core tip: The present systematic review analyzes the current trends in the management of hepatocellular carcinoma recurrence after liver transplantation (LT). A great variety of treatment options, ranging from surgical resection to systemic therapies (e.g., Sorafenib), are tailored to the different clinical scenarios and aimed to increase patient survival. However, tumor recurrence after LT is still associated with poor prognosis. By summarizing the available literature, the present article provides to clinicians and surgeons the body of knowledge for a better decision-making process and supports researchers in future clinical trials. 

de’Angelis N, Landi F, Carra MC, Azoulay D. Managements of recurrent hepatocellular carcinoma after liver transplantation: A systematic review. World J Gastroenterol 2015; In press


INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and third leading cause of cancer-related deaths worldwide[1]. In Europe, the age-adjusted incidence rate of HCC is currently 6.2 per 100000 people[2]; however, owing to widespread viral hepatitis infections and nonalcoholic fatty liver disease, HCC incidence and related mortality are expected to increase in western countries over the next 10 years[2-5]. 
Liver transplantation (LT) is the best treatment option in selected patients for early HCC[6]. When the Milan criteria[7] are fulfilled, the long-term survival following LT for HCC is similar to that following transplantation in patients without HCC[7-9]. However, despite a restrictive patient selection policy, the post-transplant HCC recurrence is reported in up to 25% of cases and drastically affects patient survival[10-13]. 
Predictors of post-transplant HCC recurrence and prognostic factors have been extensively studied. They have been applied in the selection of candidates for LT and for the construction of models integrating the classic volume-related features (tumor number and maximal size) with histological differentiation, vascular invasion, and, more recently, markers of tumor biological behavior, such as alpha-fetoprotein (AFP) serum level[14-17]. On the contrary, a few well-conducted studies have addressed the management of HCC recurrence in LT patients by describing and comparing clinical outcomes and survival. Currently, the evidence level of recommendations is weak, and there is still a considerable debate about how to treat HCC recurrence in LT patients[6]. Current treatment options include a wide range of therapies, such as surgical resection, transarterial chemoembolization, immunosuppression, and multi-target tyrosine kinases inhibitor (Sorafenib)[18]. 
The objective of the present systematic review is to summarize and analyze the current available literature in order to evaluate the efficacy and safety of various treatments for HCC recurrence in LT patients. Owing to the lack of international consensus, a systematic approach was chosen to provide an exhaustive report of the clinical experience and current strategies to treat recurrent HCC in LT patients and to support the development of guidelines that will help clinicians in the challenging decision making process. 
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The methodological approach included the development of selection criteria, definition of search strategies, assessment of study quality, and abstraction of relevant data. The PRISMA statements checklist for reporting a systematic review was followed[19]. 

Study inclusion criteria 
The study selection criteria were defined before initiating data collection for proper identification of studies eligible for the analysis. All studies in which the primary objective was to evaluate the efficacy, safety, and/or survival of treatments for HCC recurrence in LT patients were retrieved and analyzed if they met the following selection criteria: 

Types of study: All types of prospective and retrospective clinical studies, including case reports, were eligible for inclusion without trial duration limitation. Review articles, commentaries, and conference abstracts were not considered. 

Types of participants: Adult LT patients with HCC recurrence were eligible. LT from either deceased or living donor were eligible. Patients with hepato-cholangiocarcinoma and fibrolamellar hepatocellular carcinoma were excluded. 

Types of interventions: All types of surgical and non-surgical therapies reported in the literature to treat HCC recurrence in LT patients were eligible. 

Types of outcome measures: The primary outcome was survival after treatment of recurrence. The secondary outcomes included safety, tolerability, efficacy, and all other possible clinical parameters evaluated in each study. 

Literature search strategy
A literature search was performed on the following online databases: MEDLINE (through PubMed), EMBASE, Scopus, Cochrane Oral Health Group Specialized Register, and ProQuest Dissertations and Thesis Database. To increase the probability of identifying all relevant articles, a specific research equation was formulated for each database, using the following keywords and/or MeSH terms: hepatocellular carcinoma, recurrence, recurrent hepatocellular carcinoma, liver transplantation, liver transplant, treatment, therapy, management, and Sorafenib (i.e., Nexavar®). In addition, reference lists from eligible studies and relevant review articles (not included in the systematic review) were crosschecked to identify additional studies. A grey literature search was also performed by using the OpenGrey database. No time limitation was applied. Studies written in English, French, Spanish or Italian and meeting the selection criteria were reviewed. 

Study selection and quality assessment 
The titles and abstracts of the retrieved studies were independently and blindly screened for relevance by two reviewers (NdeA and MCC). To enhance sensitivity, records were removed only if both reviewers excluded the record at the title screening level. All disagreements were resolved by discussion with a third reviewer (FL). Subsequently, both reviewers performed a full-text analysis of the selected articles. The two reviewers independently assessed the risk of bias using appropriate tools according to the study design. Briefly, the Cochrane criteria described in the Cochrane Handbook for Systematic Reviews of Interventions[20] were applied for RCT, and the Newcastle-Ottawa Scale (NOS)[21] was used for the non-randomized studies. Additionally, the Grading of Recommendations Assessment Development and Evaluation (GRADE) system was used to grade the “body of evidence” merging from this review[22]. 

Data extraction 
Data from the studies included in the systematic review were processed for qualitative and possibly quantitative analyses. Outcome measures (mean values, standard deviation, and ranges) were extracted for each treatment approach. Average survival was calculated as the weighted mean (and standard deviation) of median survivals reported in the included studies. Data from case reports were not pooled into the measurement of the outcomes of interest due to the low level of evidence of this study design. 

RESULTS
Literature search and selection 
All database searches were performed without time limit until January 2015. Overall, the combined search identified 124 articles (after removing duplicates); of these, 61 were rejected based upon title and abstract evaluation. Out of the remaining 63 articles (which underwent a full-text evaluation), 24 were excluded because they were not pertinent to the review questions, had non-relevant study design, or had language limitations. By reference crosscheck analysis and manual search, we identified 22 additional publications that were included in the total count. Finally, 61 articles were found eligible for the systematic review and were evaluated for both qualitative and quantitative analyses. The flow chart of the study identification and inclusion/exclusion process is shown in Figure 1. 

Study characteristics
The selected studies included 13 case reports[23-35], 41 retrospective case series[36-76], and 7 retrospective case-control/comparative studies[77-83]. Studies were conducted in 12 different countries including those in Europe (n = 28), North America (n = 13), Asia, and the Pacific (n = 20). Six (9.8%) studies out of 61 were multicentric. The study time frame ranged from 1987 to 2013. Since the first report published in 1995, a progressive increase in the number of publications was noted (Supplement Figure S1).
Based on the included studies, the mean rate of HCC recurrence was an average 16% of all patients receiving LT for HCC. The median time from LT to HCC recurrence was 13 mo (range 2-132 mo). The mean age at HCC recurrence diagnosis was 53.8 years, and 84.3% of affected patients being males. Nearly 51% of LT recipients were classified as beyond the Milan Criteria (upon examination of the explanted liver), and 44.5% of LTs were performed from living donors (LDLT). 
Overall, 1021 LT patients presenting with HCC recurrence were treated by different modalities. The majority (67%) were extra-hepatic HCC recurrences involving lung, bone, adrenal gland, peritoneal lymph nodes, and, more rarely, the brain. Only 33% of the described cases were limited to hepatic HCC recurrence at diagnosis. All included studies are summarized in Supplement Table S1. 

Treatment modalities
HCC recurrence was managed with surgical resections, radiofrequency ablation (RFA), microwave ablation, percutaneous ethanol injection (PEI), selective internal radiotherapy treatment (SIRT), stereotactic body radiation therapy, brachytherapy, transarterial chemoembolization (TACE), re-transplantation, immunosuppression (e.g., mTOR), systemic chemotherapy, administration of a multi-kinase inhibitor agent (Sorafenib), and best supportive care (BSC). Most of the studies applied multimodality therapies, which usually involved surgery and systemic treatments. 

Survival after treatment for HCC recurrence 
The overall median survival after HCC recurrence was 12.97 mo (mean range: 0.1-112.5 mo) (Supplement Table S1). In order to estimate the survival per treatment, the included studies were grouped based on the type of management applied and were considered into the estimation only if they reported the median survival for the specific treatment modality[34,38,39,45,47,50,54,58,63-65,73,74,76-80,84] (Table 1). Among the loco-regional treatments, surgical resection of HCC recurrence was associated with the highest survival (42 mo), whereas in the case of systemic spread of HCC recurrence, a longer survival was related to the use of Sorafenib combined with immunosuppression (mTOR) (18.3 mo). In all related studies, BSC was associated with the lowest survival (3.3 mo) (Table 1). 

Efficacy and safety of surgical resection
Surgical resection was performed for either localized intra-hepatic or extra-hepatic HCC recurrence. Resection of isolated HCC recurrence appeared to be safe and effective, with no reported post-operative mortality. The post-operative period was also reported as uneventful in the majority of the study[24,40,71,75,83]; one study, however, reported a very high morbidity rate after liver resection for post-LT HCC recurrence[74] (Table 2). 

Efficacy and safety of loco-regional therapies
Among the loco-regional therapies for HCC recurrence, TACE was the most frequently reported. Overall, TACE was well tolerated and not associated with major adverse events. Anecdotal reports described SIRT, RFA, and CT guided brachytherapy as effective, well-tolerated and safe loco-regional treatment approaches (Table 3). 

Efficacy and safety of Sorafenib: Since 2009, several studies investigated the safety and effectiveness of Sorafenib alone or in combination with modified immunosuppressors, namely Everolimus or Sirolimus (mTOR). As summarized in Table 4, the most common dose of Sorafenib was 400 mg/bid. However, this dosage was rarely tolerated, and dose reduction or discontinuation was reported in the majority of the studies. Overall, 197 patients were treated with Sorafenib: 42.1% of these required dose reduction, whereas 9.6% discontinued the therapy due to intolerable side effects. The most common side effects observed in almost all studies included gastrointestinal symptoms, hand foot skin reactions, hypertension, and fatigue. Six out of 23 studies[26,34,45,53,66,76] reported severe adverse events following the administration of Sorafenib combined with mTOR; among these, 4 cases reported death (Table 4).
Based on the RECIST classification (Response Evaluation Criteria in Solid Tumors) or its modified version (mRECIST)[85] used in some studies, Sorafenib appeared to have only a partial effect; indeed, stable disease was observed in the majority of the cases (46.5%), whereas a considerable amount of patients (37%) showed progression of the disease. Only in a minority of cases (5.5%), a complete response to Sorafenib was found. 

Study quality assessment: Two reviewers (NdeA and MCC) scored the methodological qualities of the included studies according to the criteria described above. The majority of the studies were case reports or case series without any comparison between different treatments. No RCT was found, therefore the Cochrane criteria were not applied. Only 12 retrospective studies (19.6%) performed statistical comparisons between groups of treatments for HCC recurrence in LT patients. The quality and risk of bias in these studies were assessed according to the Newcastle-Ottawa Criteria and are summarized in Supplement Table S2. Overall, 3 studies were classified at a low risk of bias, and 9 studies were at high risk of bias. 
In addition, the GRADE system was used to enable consistent judgment of the quality of the available evidence included in this systematic review. The quality of the evidence was rated according to the following aspects: study design, study quality, consistency, and directness of results. Fourteen studies[42,47,49,55-57,59,68,72,75,79-81,83] (22.9%) were judged as being of low quality, and the remaining 47 studies[23-41,43-46,50,52-54,58,60-67,69-71,73,74,76-78,82,84,86] had a very low quality of evidence. Of note, the majority of studies were retrospective, which, by definition, are susceptible of major selection bias as well as misclassification or information bias due to the unknown accuracy of record keeping.

DISCUSSION
Despite the stringent selection of LT candidates and measures to control the recipient[16,56,87] and, more recently, donor-related[88] risk factors, post-transplant HCC recurrence is a reality that occurs in average 16% of patients and drastically affects their survival. Treatments for HCC recurrence have been receiving increasing attention in the literature, as shown by the rising number of publications in the recent years. However, there are no randomized clinical trial or large sample prospective studies available on the topic. The present systematic review might provide a better understanding of the clinical experience and thus support the development of treatment strategies tailored for different clinical settings. 
As supported by several studies[50,57,59,60,72], the time between LT and HCC recurrence is a key predictor of survival, with worse prognosis associated with early HCC recurrence (within 24 mo). From a physiopathological perspective, early HCC recurrence could occur due to non-detectable extra-hepatic metastases that were present before LT, as well as a consequence of circulating HCC cell clones engrafting and growing in a target organ in the post-transplant period[89]. Conversely, late HCC recurrence appeared to be the consequence of late engrafting of HCC cells that remained latent and less numerous for a longer time post LT[60,89]. In LT patients, immunosuppression may also play a role in the recurrence of HCC[90,91]; however, it remains controversial whether the administration of mTOR as a first line of management after LT can control both the inherent risk of graft rejection and the potential risk of tumor recurrence[6,92,93] or impact on the delay and extension of HCC recurrence. Based on all included studies, the median HCC recurrence time was 13 mo; thus, the majority of HCC recurrence appeared early after LT. It was not possible from the available data to make distinctions and comparisons between early and late HCC recurrence. Although described in some studies, the survival was usually reported for all patients together. Notwithstanding, early HCC recurrence can be considered a negative prognostic factor for survival[42,47,50,60]. 
The majority of patients presented as extra-hepatic HCC recurrence at diagnosis, most commonly located at the lung, bone, adrenal gland, and abdominal lymph nodes. Hepatic recurrence, especially late recurrence, might be indicative of de novo HCC development from recurrent hepatitis and cirrhosis in the liver graft. However, in the absence of molecular profiling analyses to distinguish recipient origin from donor origin, it is impossible to determinate the nature of HCC recurrence[94]. As it is rarely described, the actual incidence of de novo HCC post-LT remains unclear. 
Another prognostic factor that emerged from the analysis of the literature is the pattern of HCC recurrence, either as localized, isolated nodule(s) or multifocal metastases. This is shown to impact on patient survival as well as on the choice of treatment strategies. For both isolated hepatic and extra-hepatic metastases, surgical resection appeared to be the best treatment option offering longer survival chance[50,52,59,61,72,75,83]. However, a major selection bias has to be highlighted: LT patients with HCC recurrence undergoing surgery are usually the ones with the best performance status, late recurrence, and most favorable localization allowing resection. Indeed, reported post-operative mortality and morbidity were very low in both resection of grafted liver and other organ metastases (e.g., lung, adrenal gland). Based on the current knowledge, surgery for HCC recurrence is a valuable option if performed in selected patients with curative intents, and, as recommended in a recent consensus conference[6], surgery should be attempted whenever feasible. On the contrary, little is known about re-transplantation for intra-hepatic recurrent HCC, and it is currently considered not appropriate[6]. 
Selected patients with unresectable but limited HCC recurrence may undergo loco-regional therapy including TACE, SIRT, and RFA, with potential improvement in survival[6]. These treatments appeared to be safe and well tolerated and may be repeated multiple times or combined in a multimodality approach[31,41,49,54,56,68,75,80]. 
When recurrent HCC is presenting as or becomes systemically spread, systemic treatments are warranted[6]. Among these, systemic chemotherapy (e.g., doxorubicin, or fuoropyrimidine and platinum) demonstrated very limited efficacy in both preventing and controlling HCC recurrence[84], confirming HCC as a low chemo-sensitivity tumor. Little is known about the efficacy of systemic chemotherapy combined with other immunosuppressive agents like mTOR. 
In contrast, systemic therapy with Sorafenib has gained significant interest in the recent years and has been the object of several publications assessing its efficacy and safety for the treatment of HCC recurrence in LT patients. Some studies demonstrated that the administration of Sorafenib, with or without mTOR, is associated with improvement of patient survival[45,58,62,63,73,79,81]. However, several studies also reported adverse effects related to Sorafenib, which required dose reduction or discontinuation in a high percentage of patients[26,34,43,45,53,66,76]. Of note, Sorafenib has been associated with major adverse effects (Grade 3 and 4) including five cases of centrolobular hepatocellular necrosis with lymphoplasmacellular and granulocytic infiltration of the portal tracts (with or without eosinophilia)[26,45,76], 1 case of massive gastrointestinal bleeding[66], 1 case of sepsis and multi-organ failure[34], and 1 case of severe diarrhea[53]. The complication of these conditions led to death in 4 patients. Therefore, the risk/benefit and the cost/effectiveness ratios of Sorafenib remain unknown and should be further investigated[95]. However, pooling together the available data, it seems that most of the times, Sorafenib is able to stabilize the disease, even though complete responses are rare. Notwithstanding, a benefit in patient survival post-HCC recurrence has been reported in the majority of the study series[23,34,61,65,73,76,79,80], which was assessed at 12.1 mo for Sorafenib alone and at 18.2 mo for Sorafenib + mTOR. This is highly superior to the 3.3 mo of survival for patients receiving best supportive care[79]. A synergistic effect of Sorafenib + mTOR inhibitors has been advocated by some authors[23,45,79]; however, the current evidence is insufficient to draw definitive conclusions. Moreover, it was not possible to specifically assess the effects of Sorafenib combined with different ongoing immunosuppressive therapies (e.g., calcineurin inhibitors, Tacrolimus). 
The use of mTOR has also been proposed as an immunosuppression paradigm to be applied at the time of HCC recurrence[93,96]. This is because mTOR seems to have a strong immunosuppressive activity with concomitant antineoplastic properties[97] that may prevent or control HCC recurrence as well as protect from de novo cancers[98]. 
Managing post-transplant recurrent HCC is a challenging field, as reflected by the highly heterogeneous conditions and treatment strategies encountered in the literature. Since the first report in 1995[30], novel therapies have been introduced; however, international guidelines are still lacking. The available evidence is of rather low quality to sort management paradigms with predictable outcomes. Waiting for a significant progress, the best treatment may likely remain the prevention of HCC recurrence by applying stringent selection criteria for LT candidates and relying on up-to-date imaging and biological assessments, which need to be repeated shortly before transplantation.
However, once HCC recurrence is diagnosed in LT patients, clinicians and surgeons face a difficult decision making process. Recently, Toso et al[98] proposed a management algorithm that applies different treatment strategies depending on the localization of the recurrence (hepatic vs extra-hepatic) and the feasibility of surgical resection. The present systematic review supports this paradigm, which can be summarized as follows: (1) consider to switch to mTOR or decrease overall immunosuppression; (2) apply surgery whenever feasible; (3) reserve more aggressive approaches for cases with better potential outcomes (e.g., late recurrence); and (4) recur to systemic treatments, namely Sorafenib, for unresectable multifocal disease and HCC re-recurrence. 
The present systematic review has several limitations mainly related to the retrospective nature of the included studies, which displayed high heterogeneity in the clinical parameters and outcomes evaluated, missing data, and small sample size. Moreover, external validity of the present results cannot be assured due to the highly selected study populations and specialized centers in which the clinical trials have been performed. 
The clinical management of HCC recurrence in LT patients is challenging and is associated with a poor prognosis independently of the type of treatment. Most of the time, a multimodal approach is required to slow down the disease progression. Although the administration of Sorafenib with or without mTOR appears promising, further clinical trials are needed to assess its efficacy and safety. Finally, an international consensus meeting should be advocated in order to assess guidelines and draw up future research directions in the field of HCC recurrence management in LT patients. 
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Background
Hepatocellular carcinoma (HCC) recurrence after liver transplantation drastically affects patient survival. Management of HCC recurrence involves a wide range of local and systemic treatment modalities that lack established guidelines.

Research frontiers
The present systematic review provides a better understanding of the clinical experience in the management of post-transplant HCC recurrence. It also highlights the need of developing standardized treatment strategies tailored for different clinical settings.

Innovations and breakthroughs
By means of the systematic approach, this review allows the reader to have an overview of the state of art in the management of post-transplant HCC recurrence, ranging from surgery to systemic therapy. However, this study also highlights that the overall evidence available are low and further well-conducted studies are needed. 

Applications
The clinical management of HCC recurrence in transplanted patients remains challenging and is associated with a poor prognosis independently of the type of treatment. In the near future, research studies need to establish whether the treatment approach has to be chosen based on the underlying etiology of liver disease or HCC recurrence pattern; which are the indications and outcomes of multimodal approaches; which are the efficacy and safety of target therapy combined with immunosuppressant agents. Finally, an international consensus meeting is awaited in order to assess guidelines and clinical recommendations. 

Terminology
Sorafenib is an orally active multikinase inhibitor approved for the treatment of advanced HCC. mTOR (i.e., Mammalian target of rapamycin) inhibitors can be used as immunosuppressant agents in transplant patients as well as cancer chemotherapy. 

Peer-review
This is an interesting systematic review describing the management of post transplant HCC recurrence.
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Figure 1 Flow chart of the electronic literature search strategy using MEDLINE, Scopus, EMBASE and other sources. Examples of PubMed Equations: recurrent hepatocellular carcinoma[Title/Abstract] OR recurrent hepatocellular carcinoma[MeSH Terms] OR hepatocellular carcinoma recurrence[Title/Abstract] AND liver transplantation[MeSH Terms] OR liver transplantation[Title/Abstract] OR liver transplant[Title/Abstract] OR liver transplant[MeSH Terms] AND treatment[Title/Abstract] OR therapy[Title/Abstract] OR management[Title/Abstract] OR recurrent hepatocellular carcinoma[Title/Abstract] OR recurrent hepatocellular carcinoma[MeSH Terms] OR hepatocellular carcinoma recurrence[Title/Abstract] AND liver transplantation[MeSH Terms] OR liver transplantation[Title/Abstract] OR liver transplant[Title/Abstract] OR liver transplant[MeSH Terms] AND sorafenib[Title/Abstract] OR sorafenib[MeSH Terms] OR Nexavar[Title/Abstract]) OR Nexavar[MeSH Terms]).



Table 1 Mean survival time after specific treatment modalities for local and systemic hepatocellular carcinoma recurrence in liver transplantation patients
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	Type of treatment for HCC recurrence 
in LT patients
	No. of patients

	Median survival1 (mo)
[Weighted mean (SD)]
	Ref.

	

Loco-regional treatments for resectable local recurrence of HCC
	
Surgery

	

27
	

42 (24.45)
	Bates et al[38], 2008
Kornberg  et al[50], 2010
Pfiffer  et al[54], 2011
Kim  et al[47], 2011
Chen  et al[77], 2012
Sommacale  et al[74], 2013

	
	TACE
	

40
	

11.2 (8.81)
	Tan  et al[80], 2010
Kim  et al[47], 2011
Pfiffer  et al[54], 2011
Carr[39] 2012
Chen  et al[77], 2012
Yamagami  et al[64], 2014

	



Systemic treatments for
unresectable, advanced, multifocal recurrence of HCC

	
Sorafenib
	

76
	

12.1 (9.95)
	Tan  et al[88], 2010
Yoon  et al[65], 2010
Pfiffer  et al[54], 2011
Staufer  et al[76], 2012
Sposito  et al[79], 2013
Pfeiffenberger  et al[78], 2013
Alsina  et al[73], 2014

	
	Sorafenib + mTOR
	

68
	

18.2 (6.53)
	Waidman  et al[34], 2011
Gomez-Martin  et al[45], 2012[
Weimann  et al[63], 2012
Staufer  et al[76], 2012
Sotiropoulos  et al[58], 2012

	
	Systemic chemotherapy
	35
	5.79 (2.7)
	Lee  et al[84], 2009
Kim  et al[47], 2011

	
	Best supportive care
	
54
	
3.3 (2.12)
	Kim  et al[47], 2011
Pfiffer  et al[54], 2011
Yoon  et al[82], 2013
Sposito  et al[79], 2013




[bookmark: _GoBack]1Weighted mean survival (standard deviation) is calculated from the studies that reported the median survival in months from HCC recurrence diagnosis. TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma; LT: Liver transplantation; mTOR: Mammalian target of rapamycin.;





















Table 2 Morbidity and mortality from surgical treatments for recurrent hepatocellular carcinoma in liver transplantation patients

	Ref.
	No. of patients
	Surgical treatments 
(No. of patients)
	Post-operative morbidity 
	Post-operative mortality

	Regalia  et al[75], 1998
	7
	Liver resection (2), pulmonary lobectomy (2), omentectomy (1), bone resection (1), skin resection (1)
	Uneventful 
	0

	Castroagudìn  et al[24], 2002
	1
	Bilateral adrenalectomies in a successive manner 
	Uneventful
	0

	Catalano  et al[40], 2004
	2
	Liver resection (2)
	Uneventful
	0

	Roayaie  et al[55], 2004[55]
	15
	Liver resection (5), pulmonary resection (7), adrenalectomy (2), chest wall resection (1)
	NR
	0

	Bates  et al[38], 2008
	5
	Pulmonary lobectomy (4), pulmonary lobectomy + rib resection after pre-transplant tumor biopsy (1)
	NR
	0

	Kwon  et al[71], 2008
	7
	Pulmonary resection (7)
	Uneventful
	0

	Marangoni  et al[52], 2008
	4
	Liver resection (4)
	NS
	0

	Han  et al[69], 2010
	12
	Pulmonary resection (12)
	NS
	0

	Kornberg  et al[50], 2010
	7
	Liver resection (2), pulmonary resection (2), cerebral tumor extirpation (1), adrenalectomy (1), chest wall resection after pre-transplant tumor biopsy (1)
	NR
	0

	Valdivieso  et al[61], 2010
	8
	Liver resection (2), adrenalectomy (2), abdominal lymph node resection (2), pulmonary resection (2)
	NR
	0

	Kitano  et al[70], 2011
	3
	Pulmonary resection (3)
	
	0

	Pfiffer  et al[54], 2011
	7
	Liver resection (1), extra-hepatic resection (6)
	NR
	NR

	Kim  et al[47], 2011
	3
	Left adrenalectomy (1), splenectomy (1), lymph node resection
	NR
	0

	Chen  et al[77], 2012
	2
	Pulmonary resection (1), adrenalectomy (1)
	NR
	0

	Hwang  et al[83], 2012
	23
	Pulmonary resection (23)
	Uneventful
	0

	Sommacale  et al[74], 2013
	3
	Liver resection (3)
	100% (renal failure, respiratory sepsis, sub phrenic abscess)
	0


 

NR: Not reported; HCC: Hepatocellular carcinoma; LT: Liver transplantation.




Table 3 Efficacy, safety and tolerability of loco-regional treatments for recurrent hepatocellular carcinoma in liver transplantation patients
	Ref.
	No. of patients
	Treatment
	No. of treatments per patient
	Efficacy
(No.of patients)
	Side effects
(No. of patients)
	Tolerability
	Safety

	Rivera et al[31,  2006
	1
	SIRT (Y-90)
	1
	Efficacy demonstrated
by tumor necrosis on imaging and decreased AFP level
	Intermittent nausea
Mild right upper quadrant abdominal pain
	Well tolerated
	No adverse consequence

	Ho  et al[27],  2007
	1
	RFA 
	1
	No evidence of local progression and normalization of
AFP levels
	None
	Well tolerated
	No adverse consequence

	Ko  et al[49],  2007
	28
	TACE
	2.5

	Complete response (3), partial response (11), minimal response (5), stable disease (3), progressive disease (6)
	In 17.9% of patients:
   Nausea, vomiting, diarrhea 
   Hypertension, tachycardia
   Mild right upper quadrant abdominal pain
	Well tolerated
	No adverse consequence

	Tan  et al[80], 2010
	10
	TACE
	NR
	According to RECIST criteria, partial response (1), stable disease (3), and progressive disease (6)
	NR
	Well tolerated
	No adverse consequence

	Carr[39] 2012
	6
	TACE
	8.2
	Complete response (1), partial response (2), stable disease (1), progression (2)
	Bilirubin toxicity (Grade 2) (1)
 Granulocyte toxicity (Grade 3) (3)
	Well tolerated
	No adverse consequence

	Chen  et al[77],  2012
	4
	TACE
	2.8
	According to mRECIST criteria, complete or partial response in all patients
	None 
	Well tolerated
	No adverse consequence

	Cheng  et al[41],  2014
	11
	TACE
	NR
	NR
	NR
	Well tolerated
	No adverse consequence

	Zhang  et al[67],  2009
	10
	CT 125I guided brachytherapy
	3.9
	Complete local control of HCC recurrence 72% of patients at 2 years
	Minor displacement of radioactive seeds (2)
Mild increase of white blood cell counts (3)
Fever (4)
	Well tolerated
	Hemothorax (1)
Hemosputum (3)





CT: Computed tomography; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation; SIRT: Selective internal radiotherapy treatment; HCC: Hepatocellular carcinoma; LT: Liver transplantation. 



Table 4 Efficacy, safety and tolerability of Sorafenib for recurrent hepatocellular carcinoma in liver transplantation patients


	Ref.
	n
	Treatments
	Type of immunosuppression
	Efficacy
(No. of patients)
	Most frequent side effects1
	Tolerability
	Safety
(No. of patients)

	Yeganeh et al[35],  2009
	1
	Sorafenib (400 m bid)
	Tacrolimus + mycophenolate mofetil
	Complete resolution of his lung lesion
	Diarrhea
Hand-foot skin reactions
	Dose reduction needed (200 mg bid)
	No major adverse consequence

	Bhoori et al[23],  2010
	1
	Sorafenib (400 mg bid)
	Everolimus 
	50% response according to RECIST criteria modifications after introduction of Everolimus
	Hand-foot skin reactions (Grade 1)
	Well tolerated
	No major adverse consequence

	Herden et al[26],  2010
	1
	Sorafenib (200 mg bid)
	Cyclosporine A 
	NR
	Nausea
Fever up to 39 °C 
Jaundice
	Discontinuation after 5 d of treatment 
	Centrolobular hepatocellular necrosis and lymphoplasmacellular and granulocytic infiltration of portal tracts with significant eosinophilia (hyper allergic drug reaction)

	Kim et al[48], 2010
	9
	Sorafenib (200 to 400 mg bid)
	Tacrolimus ± Sirolimus
	Complete radiographic response (1), 
stable disease (4), progression (3)
	Hand-foot skin reactions
Fatigue and anorexia
Diarrhea
Mucositis 
Rash
	Discontinuation in 5 patients
	No major adverse consequence nor deterioration of liver graft function

	Tan et al[80], 2010
	10
	Sorafenib (400 mg bid)
	Tacrolimus
	Stable disease (7),
progressive disease (3)
	Hypertension
Agrypnia
Hand-foot skin reaction
Diarrhea
	Discontinuation in 1 patient
	No major adverse consequence

	Valdivieso et al[61], 2010
	5
	Sorafenib (400 mg bid)
	Everolimus
	NR
	NR
	NR
	NR

	Wang et al[37], 2010
	1
	Sorafenib (400 mg bid)
	Tacrolimus/Sirolimus
	Partial response (after introduction of Sirolimus)
	Hand-foot skin reactions 
Chest wall pain
	Dose reduction needed (200 mg bid)
	No major adverse consequence

	Yoon et al[65],  2010
	13
	Sorafenib (400 mg bid)
	Calcineurin inhibitors ± mycophenolate mofetil
	Stable disease (6)

	Hand-foot skin reactions
Neutropenia, thrombocytopenia, anemia
Rash
Diarrhea
	Dose reduction (200 mg bid) in 4 patients
	No major adverse consequence

	Kim et al[28], 2011
	1
	Sorafenib (200 to 400 mg bid)
	Sirolimus
	Complete radiologic response
	Hand-foot skin reactions
Fatigue
Mucositis
	Dose reduction needed (200 mg bid)
	No major adverse consequence

	Takahara et al[33],  2011
	2 
	Sorafenib (200 to 400 mg bid)
	Cyclosporine/Tacrolimus
	Complete response (1)
	Hypertension
Diarrhea, anorexia

	Dose reduction (200 mg bid) for 1 patient 
	No major adverse consequence

	Waidmann et al[34], 2011
	3
	Sorafenib (400 mg bid)
	Everolimus/Sirolimus
	Partial response after introduction of mTOR (1), progression (1)
	Hand-foot skin reactions (Grade 3)
Fatigue (Grade 3)
	Discontinuation for 1 patient, dose reduction (200 mg bid) for 1 patient
	Death for sepsis and multi-organ failure (1) after 3 wk of Sorafenib treatment 

	Gomez-Martin et al[45], 2012
	31
	Sorafenib (400 mg bid)
	Everolimus 
	Complete response (1), partial response (1), and stable disease (13)
	Mild graft dysfunction 
Hand-foot skin reactions
Asthenia
Hypertension
Diarrhea
Thrombocytopenia
	Dose reduction (200-300 mg bid) in 8 patients
	Central nervous system hemorrhaging (1), severe biventricular heart failure (1), and upper digestive hemorrhaging (2) leading to death (1). 

	Sotiropoulos et al[58], 2012
	14
	Sorafenib (400 mg bid)
	mTOR
	Progression (4)
	NR
	Discontinuation for 4 patients, dose reduction (100 to 200 mg bid) for 2 patients
	NR

	Staufer et al[76],  2012
	13
	Sorafenib (400 mg bid)
	mTOR/Cyclosporine A
	Partial response (1), stable disease (4), progression (7)
	Anemia, leukopenia
Hand-foot skin reactions
Increase of liver function tests
Fatigue
Diarrhea
	Poor tolerability. Dose reduction (200 mg bid) in 10 patients. 
	Centrolobular hepatocellular necrosis and lymphoplasmacellular infiltration of portal tracts (2) with eosinophilia (2)

	Vitale et al[62], 2012
	10
	Sorafenib (400 mg bid)
	mTOR/Tacrolimus
	According to mRECIST criteria, partial response (2), stable disease (6), progression (2)
	Diarrhea
Hand-foot skin reactions
Fatigue

	Dose reduction in 7 patients
	No major adverse consequence

	Weinmann et al[63],  2012
	11
	Sorafenib (400 mg bid)
	Sirolimus
	Stable disease (4), progression (7)
	Diarrhea 
Fatigue
Nausea 
Hand-foot skin reactions
 Hair loss
Weight loss
	Discontinuation and dose reduction (200 mg bid) for 7 patients
	No major adverse consequence

	Pfeiffenberger et al[78], 2013
	8
	Sorafenib (400 mg bid)
	Tacrolimus/Tacrolimus + mycophenolate mofetil/Cyclosporin A 
	Progression (1)
	Hand-foot skin reaction
Diarrhea 
	Dose reduction for 6 patients
	No major adverse consequence

	Sposito et al[79],  2013
	15
	Sorafenib (400 mg bid)
	mTOR/Cyclosporine A/Tacrolimus 
	According to
RECIST, stable disease (11), partial response (4)
	Hand-foot skin reactions
Diarrhea
Fatigue
	Dose reduction (200 mg bid) for 8 patients
	No major adverse consequence

	Waghray et al[81],  2013
	17
	Sorafenib (400 mg bid)
	Sirolimus
	Complete response (2), partial response (1), stable disease (2), progression (5)
	Diarrhea, nausea
Fatigue
Increase of liver function tests
Hand-foot skin reactions
	Dose reduction (100 to 200 mg bid) for 14 patients 
	No major adverse consequence

	Zavaglia et al[66],  2013
	11
	Sorafenib (400 mg bid)
	Everolimus/Cyclosporine A
	Partial response (2), stable disease (1), progression (6)
	Fatigue, anorexia
Hypophosphatemia
Diarrhea, nausea, vomiting
Hand-foot skin reactions
	Discontinuation in 4 patients, dose reduction (200 mg bid) for 7 patients 
	Massive gastrointestinal bleeding leading to death after 4 mo of Sorafenib + mTOR

	Alsina et al[73],  2014
	9
	Sorafenib (400 mg bid)
	Tacrolimus/Cyclosporine A ± mycophenolate mofetil
	NR
	Hand-foot skin reaction
Rash
Seizure
Skin flushing
	Dose reduction for 2 patients
	No major adverse consequence

	De Simone et al[43],  2014
	7
	Sorafenib (400 mg bid)
	Everolimus
	According to
mRECIST, progression (5)
	Hand-foot skin reactions
Hypertension
Diarrhea
Anorexia, asthenia
Hoarseness
Alopecia
	Dose reduction for 3 patients, temporary discontinuation for 2 patients 
	No major adverse consequence

	Perricone et al[53],  2014
	4
	Sorafenib (200 mg bid)
	Everolimus
	Stable disease (1), progression (3)
	Diarrhea (Grade 3)
Cholestasis (Grade 3)
	Discontinuation for 1 patient
	Severe diarrhea with progressive worsening of clinical condition, leading to coma then death (1) 4 mo after Sorafenib + mTOR



1When available, Sorafenib-related adverse events were graded according to the National Cancer Institute Common Toxicity Criteria (Grade I to V). RECIST: Response Evaluation Criteria in Solid Tumors; mTOR: Mammalian target of rapamycin; HCC: Hepatocellular carcinoma; LT: Liver transplantation.
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Figure 1. Flow chart of the electronic literature search strategy using Medline, Scopus, Embase and 
other sources.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Examples of PubMed Equations: ((((((recurrent hepatocellular carcinoma[Title/Abstract]) OR recurrent 
hepatocellular carcinoma[MeSH Terms])) OR hepatocellular carcinoma recurrence[Title/Abstract])) AND 
((((liver transplantation[MeSH Terms]) OR liver transplantation[Title/Abstract]) OR liver 
transplant[Title/Abstract]) OR liver transplant[MeSH Terms])) AND (((treatment[Title/Abstract]) OR 
therapy[Title/Abstract]) OR management[Title/Abstract]) 
OR 
((((((recurrent hepatocellular carcinoma[Title/Abstract]) OR recurrent hepatocellular carcinoma[MeSH 
Terms])) OR hepatocellular carcinoma recurrence[Title/Abstract])) AND ((((liver transplantation[MeSH 
Terms]) OR liver transplantation[Title/Abstract]) OR liver transplant[Title/Abstract]) OR liver 
transplant[MeSH Terms])) AND ((((sorafenib[Title/Abstract]) OR sorafenib[MeSH Terms]) OR 
Nexavar[Title/Abstract]) OR Nexavar[MeSH Terms]) 
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