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Abstract
With the increasing prevalence of living - donor liver transplantation (LDLT) for patients with hepatocellular carcinoma (HCC), some authors have reported a potential increase in the HCC recurrence rates among LDLT recipients compared to deceased-donor liver transplantation (DDLT) recipients. The aim of this review is to encompass current opinions and clinical reports regarding differences in the outcome, especially the recurrence of HCC, between LDLT and DDLT. 
While some studies report impaired recurrence - free survival and increased recurrence rates among LDLT recipients, others, including large database studies, report comparable recurrence - free survival and recurrence rates between LDLT and DDLT. Studies supporting the increased recurrence in LDLT have linked graft regeneration to tumor progression, but we found no association between graft regeneration/ initial graft volume and tumor recurrence among our 125 consecutive LDLTs for HCC cases.
In the absence of a prospective study regarding the use of LDLT versus DDLT for HCC patients, there is no evidence to support the higher HCC recurrence after LDLT than DDLT, and LDLT remains a reasonable treatment option for HCC patients with cirrhosis.
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Introduction
Hepatocellular carcinoma (HCC) is the 7th most common cancer overall and the 3rd most common cause of cancer-related death worldwide1,2. Since the landmark report of the Milan criteria by Mazzaferro et al.3, which demonstrated comparable outcomes of patients with HCC having a single tumor smaller than 5 cm in diameter or up to 3 tumors smaller than 3 cm in diameter with no vascular invasion or extra-hepatic disease determined by preoperative imaging studies, deceased - donor liver transplantation (DDLT) has become an established treatment for cirrhotic patients with HCC4,5. Similarly, in Asian countries where living - donor liver transplantation (LDLT) comprises the majority of liver transplantation procedures, LDLT has become an established treatment for HCC patients with end-stage liver disease6,7. LDLT is now considered a promising treatment for HCC patients in Western countries, not only to compensate for the shortage of donor organs but also to reduce the dropout rate on the waiting list8.	Comment by 作者: The Authors should put the number of the references in Arabic numerals according to the citation order in the text. Put reference numbers in square brackets in superscript at the end of citation content or after the citied author’s name. For citation content which is part of the narration, the coding number and square brackets should be typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]” .

    With the accumulation of LDLTs for HCC patients, the impact of LDLT on recipient outcome compared with DDLT, especially the recurrence of HCC after liver transplantation, has become an important topic of debate9. The aim of this review was to encompass the current opinions and clinical reports regarding the differences in outcome, especially the recurrence of HCC, between LDLT and DDLT.

Studies comparing LDLT and DDLT for HCC patients
Studies comparing LDLT and DDLT for HCC patients are summarized in Table 1.
Studies reporting a poorer outcome in the LDLT setting
Park and colleagues10 recently reported poorer recurrence - free survival among 166 LDLT recipients (81% at 5 years ) compared to 50 DDLT recipients (94% at 5 years; p=0.045). The noteworthy finding of this study was that the smaller the LDLT graft, the poorer the recurrence - free survival. Based on this finding, Park et al.10 suggested that the physiology of the small graft may stimulate tumor recurrence. 
The results of the A2ALL cohort in USA also demonstrated an impaired outcome in LDLT recipients. In their initial report11, they found a higher rate of recurrence within 3 years in LDLT than in DDLT (29% versus 0%, p=0.002), but there was a clear tendency toward more aggressive tumor characteristics in the LDLT group. The same group recently published an updated report12, in which HCC recurrence remained significantly different between LDLT and DDLT after adjustment for tumor characteristics. They concluded that the higher recurrence observed after LDLT was likely due to differences in the tumor characteristics, pretransplant HCC management, and waiting time. 
Vakili and colleagues, reporting the Lahey Clinic experience13, found a significant difference in the HCC recurrence rates (29% for LDLT and 12% for DDLT, p<0.05), but survival after LDLT was significantly better than that following DDLT for HCC during the same period (p=0.02).
Lo et al. from Hong Kong14 also reported a significantly higher incidence of HCC recurrence, 29% in LDLT and 0% in DDLT (p=0.029). While the tumor characteristics were comparable between groups, the authors speculated that LDLT as a salvage transplantation, microscopic vascular invasion, and liver regeneration led to the difference in the recurrence rate.

Studies reporting a comparable outcome
Sandhu and colleagues of the Toronto group15 reported that LDLT and DDLT both provide similarly low recurrence rates and high survival rates. They compared the results of 58 LDLT cases with those of 287 DDLT cases having comparable tumor characteristics, in which the 1 -, 3 -, and 5 -year recurrence - free survival rates were 88%, 75%, and 70%, and 86%, 75%, and 70%, respectively. 
In a well-designed study by Bhangui et al.16, an intention-to-treat analysis was conducted with recurrence rate representing the primary endpoint, comparing 36 LDLT cases and 147 DDLT cases. The authors demonstrated that both LDLT and DDLT provided similar recurrence - free survival rates (88% versus 86% at 5 years) for patients with HCC. The dropout rate and waiting time were significantly lower in the LDLT group than in the DDLT group, and there was also a trend toward a longer time to recurrence in the LDLT group, which may guarantee additional advantages with LDLT. 
The Mount Sinai group17,18 reported comparable recurrence - free survival between LDLT (n=36) and DDLT (n=165 ; 74% versus 83% at 2 years, p=0.3). When stratified by tumor size (5 cm diameter) and the existence of microvascular invasion, there was still no difference between groups.
Sotiropoulos and colleagues of Essen, Germany19,20, also supported the comparable recurrence - free survival rates between LDLT and DDLT for HCC (75% versus 81% at 3 years). 
Hwang et al. of Korea21 performed a nationwide survey regarding this issue. Among 237 LDLTs and 75 DDLTs for HCC, the 1 - and 3 - year recurrence - free survival rates were 83% and 80%, and 88% and 82%, respectively, with no significant difference between them.

A comparison of outcomes after liver transplantation obtained from database studies revealed comparable patient survival rates between LDLT and DDLT. According to a report from the Japanese Liver Transplantation Society Registry22, a total of 6097 LDLTs were performed in Japan by the end of 2010, and 1225 (32%) were indicated for HCC, which was the most common indication in adult patients. The 1-, 3-, 5-, and 10-year cumulative survival rates of LDLT for HCC were 85%, 74%, 69%, and 60%, respectively. Todo and colleagues23 performed a detailed survey using the same database (up to the end of 2005), comprising 653 patients who had undergone LDLT for HCC in Japan. At 1, 3, and 5 years, overall patient survival was 83%, 73%, and 69%, and disease-free survival was 77%, 65%, and 61%, respectively. Based on preoperative imaging studies, 62% were within the Milan criteria and 38% were beyond the Milan criteria, with 5-year recurrence - free survival rates of 90% and 61%, respectively (p<0.001). These findings do not differ much from those obtained in the DDLT database of the United States and Europe24-27, and may validate the use of LDLT for HCC patients.

Current opinions regarding the difference between LDLT and DDLT
A randomized clinical study would be best to resolve the debate regarding the use of LDLT versus DDLT for HCC patients, but this is indeed difficult, if not impossible, to realize given the complicated decision-making process involved in LDLT. No prospective study has been conducted to date. 
The Toronto group28 recently performed a meta-analysis on 12 retrospective studies comparing the recurrence rates and recurrence - free survival between LDLT and DDLT recipients. A total of 633 LDLTs and 1232 DDLTs were enrolled, and the study provided evidence of lower disease - free survival after LDLT compared with DDLT for HCC (hazard ratio 1.59, confidence interval: 1.02-2.49; p=0.041). In contrast, there was no difference in overall survival between LDLT and DDLT (hazard ratio 0.97, confidence interval: 0.73-1.27; p=0.808). As mentioned by the authors of the paper, however, all involved studies were retrospective, had a low data quality score with poor reporting of baseline patient characteristics and an inadequate statistical approach, and were heterogeneous in critical aspects such as indication criteria and basal tumor characteristics, which warrant further well-designed studies to determine whether differences in HCC recurrence are due to study biases or biologic differences.
A recent review article by experts29 concluded the following: Although there is no evidence for recurrence rates to guide the choice between DDLT and LDLT for HCC, the higher recurrence rates reported by several authors cannot be ignored. Because of 1) differences in the allocation policies for deceased - donor livers and in the availability of deceased - donor livers, 2) local, regional, and national differences in the potential waiting times for DDLT, and 3) national legal requirements, patients with HCC and their donors should be offered LDLT with the understanding that estimates of the waiting time for DDLT and the potential for dropout due to HCC progression need to be weighed against the potential for a lower dropout rate and a higher recurrence rate after LDLT. Because the existing literature is far from definitive and the outcomes are far from uniform, however, patients should be informed that a true risk-versus-benefit balance for DDLT and LDLT for HCC cannot be fully and accurately assessed at this time. Nonetheless, the weight of the evolving evidence suggests that tumor biology is likely the key factor driving HCC recurrence after DDLT or LDLT; the graft type and waiting time are less likely to be important independent risk factors.

Postulated theories for differences between LDLT and DDLT
LDLT provides several advantages compared with DDLT, such as a shorter waiting time, good quality graft with normal liver function and shorter ischemic time, and pretransplant treatment optimization, which might contribute to improved survival in LDLT recipients. Some of these characteristics, on the other hand, may lead to a favorable milieu for tumor progression9.
There are several hypotheses other than tumor characteristics to explain the inferior outcome of LDLT. One explanation for the higher recurrence rates in LDLT is fast-tracking patients into liver transplantation, the so - called fast-track effect11,30. Some patients with more biologically aggressive HCC might drop off the waiting list due to tumor progression beyond the criteria during the wait-time in the DDLT setting. In contrast, due to the shortened wait time for LDLT candidates, progression of HCC with an aggressive tumor biology might not be recognized during such a short wait-time. This scenario might account for the higher HCC recurrence in the LDLT setting.
Another hypothesized mechanism for the higher recurrence rates in LDLT is that growth factors and cytokines released during rapid regeneration of the partial grafts from living donors might contribute to tumor progression and recurrence31-34. A rapidly regenerating liver parenchyma and ischemic-reperfusion injury facilitated by a small-for-size graft in LDLT setting might be a more favorable environment for tumor progression and HCC recurrence. 
Additionally, some authors11,35,36 insist that the technique of LDLT per se foregoes the principles of oncologic surgery. During LDLT, the meticulous dissection and mobilization of the liver might increase the possibility of tumor capsule violation or tumor embolization through the hepatic veins, thus promoting tumor dissemination. Preservation of the native vena cava and the long native vessel lengths in the hepatic hilum might increase the risk of not removing the foci of residual tumors.

As opposed with the above - mentioned anecdotal explanations, the advanced tumor characteristics of LDLT recipients can reasonably explain the higher recurrence rate in the LDLT setting. Grafts from living donors are not limited by restrictions imposed by the organ allocation system, meaning that the relation of the graft and recipient is usually one-on-one. Consequently, selection criteria based on the tumor burden, such as the tumor size and number, can be considered relative on a case-by-case basis, taking into account the presence of risk factors for recurrence and the chance of survival, as well as the wishes of the donor37. Consequently, the majority of Asian transplant centers have adopted extended criteria beyond those of Milan or the University of California, San Francisco (UCSF)38. Based on some studies, differences in patient tumor characteristics between LDLT and DDLT remain a main reason for the higher recurrence rate in LDLT. Additionally, in the majority of the aforementioned studies comparing LDLT and DDLT for HCC patients, tumor burdens such as the size, number, vascular invasion, and poor differentiation have proved to be independent risk factors for HCC recurrence after liver transplantation, all of which may lead to a rational explanation for the impaired recurrence - free survival of LDLT compared to DDLT.

Our experience
At our institution, the University of Tokyo Hospital, a total of 423 adult recipients underwent LDLT by the end of 2012. Among them, 125 (30%) patients had HCC. The principle criterion for LDLT for HCC at our center is “up to 5 nodules with a maximum tumor diameter within 5 cm”, which we call the ‘5-5 rule’39. Of the 125 patients, 118 (94%) were within the 5-5 rule criteria and 109 (87%) were within the Milan criteria. Overall survival of the 125 recipients at 1, 3, and 5 years was 88%, 82%, and 76%, respectively, with a median follow-up period of 8 years. A total of 11 (9%) patients developed HCC recurrence with a cumulative recurrence rate at 1, 3, and 5 years of 6%, 9%, and 11%, respectively. 
We compared the graft regeneration rate between patients with HCC recurrence (n=11) and those without recurrence (n=114) to confirm the association of liver regeneration with HCC recurrence. The regeneration rate was calculated as follows : ( graft volume at 3 months after LDLT- initial graft volume)/ initial graft volume x100 (%). As shown in Table 2, there was no difference in the regeneration rate between those with HCC recurrence and those without recurrence. At the same time, the graft type (right versus left) and the initial graft volume ratio to the recipient’s standard liver volume were also compared between groups, revealing no difference. A similar result was reported by the Asan group of Korea40, in which the graft-recipient weight ratio had no impact on HCC recurrence after LDLT among 181 LDLT recipients with HCC. Our result as well as the report of the Asan group clearly demonstrated that graft regeneration of the partial liver graft has no impact on HCC recurrence, at least in a clinical setting. The independent predictors for HCC recurrence in our series were tumors not within the 5-5 rule (Tokyo criteria), AFP level over 400 ng/ml, and des-gamma-carboxy prothrombin levels over 200 mAU/ml.

Conclusion
In conclusion, there is no strong evidence to support higher HCC recurrence after LDLT than DDLT. Additionally, it may be reasonable to use different indication criteria for LDLT and DDLT. LDLT should always be considered as a treatment option for HCC patients with advanced cirrhosis in areas where deceased donors are scarce or for patients whose tumor status interrupts access to DDLT in the context of paternalism and respect for autonomy of the living donor.

Referrcnes	Comment by 作者: Pleased provide PubMed citation numbers for the reference list, e.g. PMID and DOI, which can be found at http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.org/SimpleTextQuery/, respectively. The numbers will be used in the E-version of this journal. Thanks very much for your co-operation. 

[bookmark: _ENREF_1]1.	Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. International journal of cancer Journal international du cancer 2010;127:2893-917.
[bookmark: _ENREF_2]2.	Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012;379:1245-55.
[bookmark: _ENREF_3]3.	Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients with cirrhosis. The New England journal of medicine 1996;334:693-9.
[bookmark: _ENREF_4]4.	Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma: clinical frontiers and perspectives. Gut 2014.
[bookmark: _ENREF_5]5.	Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology (Baltimore, Md) 2011;53:1020-2.
[bookmark: _ENREF_6]6.	de Villa V, Lo CM. Liver transplantation for hepatocellular carcinoma in Asia. The oncologist 2007;12:1321-31.
[bookmark: _ENREF_7]7.	Lee Cheah Y, P KHC. Liver Transplantation for Hepatocellular Carcinoma: An Appraisal of Current Controversies. Liver cancer 2012;1:183-9.
[bookmark: _ENREF_8]8.	Hwang S, Lee SG, Belghiti J. Liver transplantation for HCC: its role: Eastern and Western perspectives. Journal of hepato-biliary-pancreatic sciences 2010;17:443-8.
[bookmark: _ENREF_9]9.	Quintini C, Hashimoto K, Uso TD, Miller C. Is there an advantage of living over deceased donation in liver transplantation? Transplant international : official journal of the European Society for Organ Transplantation 2013;26:11-9.
[bookmark: _ENREF_10]10.	Park MS, Lee KW, Suh SW, et al. Living-donor liver transplantation associated with higher incidence of hepatocellular carcinoma recurrence than deceased-donor liver transplantation. Transplantation 2014;97:71-7.
[bookmark: _ENREF_11]11.	Fisher RA, Kulik LM, Freise CE, et al. Hepatocellular carcinoma recurrence and death following living and deceased donor liver transplantation. American journal of transplantation : official journal of the American Society of Transplantation and the American Society of Transplant Surgeons 2007;7:1601-8.
[bookmark: _ENREF_12]12.	Kulik LM, Fisher RA, Rodrigo DR, et al. Outcomes of living and deceased donor liver transplant recipients with hepatocellular carcinoma: results of the A2ALL cohort. American journal of transplantation : official journal of the American Society of Transplantation and the American Society of Transplant Surgeons 2012;12:2997-3007.
[bookmark: _ENREF_13]13.	Vakili K, Pomposelli JJ, Cheah YL, et al. Living donor liver transplantation for hepatocellular carcinoma: Increased recurrence but improved survival. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2009;15:1861-6.
[bookmark: _ENREF_14]14.	Lo CM, Fan ST, Liu CL, Chan SC, Ng IO, Wong J. Living donor versus deceased donor liver transplantation for early irresectable hepatocellular carcinoma. The British journal of surgery 2007;94:78-86.
[bookmark: _ENREF_15]15.	Sandhu L, Sandroussi C, Guba M, et al. Living donor liver transplantation versus deceased donor liver transplantation for hepatocellular carcinoma: comparable survival and recurrence. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2012;18:315-22.
[bookmark: _ENREF_16]16.	Bhangui P, Vibert E, Majno P, et al. Intention-to-treat analysis of liver transplantation for hepatocellular carcinoma: living versus deceased donor transplantation. Hepatology (Baltimore, Md) 2011;53:1570-9.
[bookmark: _ENREF_17]17.	Gondolesi GE, Roayaie S, Munoz L, et al. Adult living donor liver transplantation for patients with hepatocellular carcinoma: extending UNOS priority criteria. Annals of surgery 2004;239:142-9.
[bookmark: _ENREF_18]18.	Roayaie S, Schwartz JD, Sung MW, et al. Recurrence of hepatocellular carcinoma after liver transplant: patterns and prognosis. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2004;10:534-40.
[bookmark: _ENREF_19]19.	Malago M, Sotiropoulos GC, Nadalin S, et al. Living donor liver transplantation for hepatocellular carcinoma: a single-center preliminary report. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2006;12:934-40.
[bookmark: _ENREF_20]20.	Sotiropoulos GC, Lang H, Nadalin S, et al. Liver transplantation for hepatocellular carcinoma: University Hospital Essen experience and metaanalysis of prognostic factors. Journal of the American College of Surgeons 2007;205:661-75.
[bookmark: _ENREF_21]21.	Hwang S, Lee SG, Joh JW, Suh KS, Kim DG. Liver transplantation for adult patients with hepatocellular carcinoma in Korea: comparison between cadaveric donor and living donor liver transplantations. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2005;11:1265-72.
[bookmark: _ENREF_22]22.	Liver transplantation in Japan- registry by the Japnese Liver Transplantation Society. Ishoku 2012;46:524-36.
[bookmark: _ENREF_23]23.	Todo S, Furukawa H, Tada M. Extending indication: role of living donor liver transplantation for hepatocellular carcinoma. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2007;13:S48-54.
[bookmark: _ENREF_24]24.	Mazzaferro V, Bhoori S, Sposito C, et al. Milan criteria in liver transplantation for hepatocellular carcinoma: an evidence-based analysis of 15 years of experience. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2011;17 Suppl 2:S44-57.
[bookmark: _ENREF_25]25.	Adam R, Karam V, Delvart V, et al. Evolution of indications and results of liver transplantation in Europe. A report from the European Liver Transplant Registry (ELTR). Journal of hepatology 2012;57:675-88.
[bookmark: _ENREF_26]26.	Singal AK, Guturu P, Hmoud B, Kuo YF, Salameh H, Wiesner RH. Evolving frequency and outcomes of liver transplantation based on etiology of liver disease. Transplantation 2013;95:755-60.
[bookmark: _ENREF_27]27.	Taniguchi M. Liver transplantation in the MELD era--analysis of the OPTN/UNOS registry. Clinical transplants 2012:41-65.
[bookmark: _ENREF_28]28.	Grant RC, Sandhu L, Dixon PR, Greig PD, Grant DR, McGilvray ID. Living vs. deceased donor liver transplantation for hepatocellular carcinoma: a systematic review and meta-analysis. Clinical transplantation 2013;27:140-7.
[bookmark: _ENREF_29]29.	Grant D, Fisher RA, Abecassis M, McCaughan G, Wright L, Fan ST. Should the liver transplant criteria for hepatocellular carcinoma be different for deceased donation and living donation? Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2011;17 Suppl 2:S133-8.
[bookmark: _ENREF_30]30.	Kulik L, Abecassis M. Living donor liver transplantation for hepatocellular carcinoma. Gastroenterology 2004;127:S277-82.
[bookmark: _ENREF_31]31.	Man K, Lo CM, Xiao JW, et al. The significance of acute phase small-for-size graft injury on tumor growth and invasiveness after liver transplantation. Annals of surgery 2008;247:1049-57.
[bookmark: _ENREF_32]32.	Shi JH, Huitfeldt HS, Suo ZH, Line PD. Growth of hepatocellular carcinoma in the regenerating liver. Liver transplantation : official publication of the American Association for the Study of Liver Diseases and the International Liver Transplantation Society 2011;17:866-74.
[bookmark: _ENREF_33]33.	Efimova EA, Glanemann M, Liu L, et al. Effects of human hepatocyte growth factor on the proliferation of human hepatocytes and hepatocellular carcinoma cell lines. European surgical research Europaische chirurgische Forschung Recherches chirurgicales europeennes 2004;36:300-7.
[bookmark: _ENREF_34]34.	Man K, Fan ST, Lo CM, et al. Graft injury in relation to graft size in right lobe live donor liver transplantation: a study of hepatic sinusoidal injury in correlation with portal hemodynamics and intragraft gene expression. Annals of surgery 2003;237:256-64.
[bookmark: _ENREF_35]35.	Di Sandro S, Slim AO, Giacomoni A, et al. Living donor liver transplantation for hepatocellular carcinoma: long-term results compared with deceased donor liver transplantation. Transplantation proceedings 2009;41:1283-5.
[bookmark: _ENREF_36]36.	Li C, Wen TF, Yan LN, et al. Outcome of hepatocellular carcinoma treated by liver transplantation: comparison of living donor and deceased donor transplantation. Hepatobiliary & pancreatic diseases international : HBPD INT 2010;9:366-9.
[bookmark: _ENREF_37]37.	Tamura S, Sugawara Y, Kokudo N. Living donor liver transplantation for hepatocellular carcinoma: the Japanese experience. Oncology 2011;81 Suppl 1:111-5.
[bookmark: _ENREF_38]38.	Chan SC. Liver Transplantation for Hepatocellular Carcinoma. Liver cancer 2013;2:338-44.
[bookmark: _ENREF_39]39.	Sugawara Y, Tamura S, Makuuchi M. Living donor liver transplantation for hepatocellular carcinoma: Tokyo University series. Digestive diseases (Basel, Switzerland) 2007;25:310-2.
[bookmark: _ENREF_40]40.	Hwang S, Lee SG, Ahn CS, et al. Small-sized liver graft does not increase the risk of hepatocellular carcinoma recurrence after living donor liver transplantation. Transplantation proceedings 2007;39:1526-9.


Akamatsu et al. 15



	Table 1. Studies comparing LDLT and DDLT for HCC

	Author	Comment by 作者: Please modify this list.
e.g., Park et al[10]
	Country
	Year
	Study period
	Type of LT
	Case number
	Recurrence - free survival
	　
	% Recurrence rate
	　
	Criteria used
	% Outside Milan
	 Difference in tumor characteristics
	Median follow-up period (months)

	Impaired results in LDLT
	　
	　
	1-year
	3-year
	5-year
	　
	　
	　
	　
	　
	　
	　

	Park et al.10
	Korea
	2014
	1999-2010
	LDLT
	166
	89
	
	81
	p=0.045
	19%
	p=0.045
	UCSF
	na
	none
	35

	
	
	
	
	DDLT
	50
	96
	
	94
	
	6%
	
	
	
	
	

	Vakili et al13
	USA
	2009
	1999-2007
	LDLT
	28
	
	
	
	
	29
	p<0.05
	UNOS
	25
	none
	41

	
	
	
	
	DDLT
	65
	
	
	
	
	12
	
	
	
	
	

	Kulik et al.12
	USA
	2012
	1998-2010
	LDLT
	100
	80
	66
	56
	0.05
	38
	0.0004
	UNOS
	59
	More aggressive in LDLT
	60

	
	Multi-center
	
	
	DDLT
	97
	90
	81
	73
	
	11
	
	
	30
	
	

	Lo et al.14
	Hong Kong
	2007
	1995-2004
	LDLT
	43
	93
	71
	71
	0.029
	29
	0.029
	UCSF
	26
	More aggressive in LDLT
	33

	
	
	
	
	DDLT
	17
	100
	100
	100
	
	0
	
	
	29
	
	

	Comparable results
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sandhu et al.15
	Canada
	2013
	1996-2009
	LDLT
	58
	88
	75
	70
	ns
	17
	ns
	Toronto criteria
	28
	none
	38

	
	
	
	
	DDLT
	287
	86
	75
	70
	
	15
	
	
	32
	
	31

	Bhangui et al.16
	France
	2011
	2000-2009
	LDLT
	36
	100
	89
	88
	ns
	13
	ns
	UCSF
	27
	none
	58

	
	
	
	
	DDLT
	120
	93
	89
	86
	
	13
	
	
	21
	
	50

	Li et al.36
	China
	2010
	2005-2009
	LDLT
	38
	71
	42
	
	ns
	50
	ns
	UCSF
	79
	none
	25

	
	
	
	
	DDLT
	101
	76
	41
	
	
	55
	
	
	68
	
	

	Sandro et al.35
	Italy
	2009
	2000-2007
	LDLT
	25
	
	96
	96
	ns
	4
	ns
	Milan
	20
	none
	NA

	
	
	
	
	DDLT
	154
	
	91
	89
	
	11
	
	
	31
	
	

	Sotiropoulos et al.20
	Germany
	2007
	1998-2006
	LDLT
	45
	88
	75
	
	ns
	12
	ns
	UCSF
	44
	none
	NA

	
	
	
	
	DDLT
	55
	
	81
	
	
	14
	
	
	
	
	

	Hwang et al.8
	Korea
	2005
	1992-2002
	LDLT
	237
	83
	80
	
	ns
	18
	ns
	
	27
	none
	26

	
	Multi-center
	
	
	DDLT
	75
	88
	82
	
	
	16
	
	
	29
	
	45

	Gondolesi et al.17
	USA
	2004
	1988-2002
	LDLT
	36
	82
	74
	
	ns
	19
	ns
	UNOS
	53%
	none
	15

	
	
	
	
	DDLT
	165
	90
	83
	　
	
	19
	
	
	　
	
	


Abbreviations: DDLT, deceased - donor liver transplantation; HCC, hepatocellular carcinoma; LDLT, living - donor liver transplantation; LT, liver transplantation; UCSF, University of California, San Francisco; UNOS, United Network for Organ Sharing.



Table 2. Graft characteristics and HCC recurrence
	　
	Patients with recurrence (n=11)
	Patients without recurrence (n=114)
	p

	Regeneration rate at 3 months (%)
	90 ±24
	93 ±34
	0.732

	Graft type: right/left
	4/7
	36/78
	0.702

	Initial graft volume ratio to standard liver volume (%)
	46 ±9
	47 ±9
	0.842
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