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Abstract
AIM: To evaluated patterns and outcomes of hepatocellular carcinoma (HCC) recurrence after living donor liver transplantation (LDLT).

METHODS: From 2001 to 2014, 293 patients underwent LDLT for HCC at our transplant center. We retrospectively reviewed 54 (18.4%) patients with HCC recurrence after LDLT. We evaluated patterns and outcomes of HCC recurrence after LDLT, with particular attention to the Milan criteria at transplantation, treatments for HCC-recurrent patients, and factors related to survival after HCC recurrence. Furthermore, we evaluated the efficacy of combination treatment of sorafenib and an mTOR inhibitor.

RESULTS: The 1-, 2-, and 3-year overall survival rates after HCC recurrence were 41.1%, 20.5%, and 15.4%, respectively. The median time interval between LDLT and HCC recurrence was 6.5 months. Although recurrence rates according to the Milan criteria at LDLT were significantly different, HCC recurrence patterns and survival rates after HCC recurrence were not significantly different between the two groups. Time to recurrence < 12 mo (P = 0.048), multiple recurrences at HCC recurrence (P = 0.038), and palliative treatment for recurrent tumors (P = 0.003) were significant independent prognostic factors for poor survival after HCC recurrence in a multivariate analysis. The combination treatment of sorafenib and sirolimus showed survival benefits in the palliative treatment group (P = 0.005).

CONCLUSION: Curative treatment for recurrent HCC after LDLT is the most important factor in survival rates after HCC recurrence and combination treatments of sorafenib and an mTOR inhibitor could have survival benefits in patients with HCC recurrence after LT in the palliative treatment group.

Key words: Hepatocellular carcinoma; Living donor liver transplantation; mTOR inhibitor; Recurrence; Selection criteria
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Core tip: Although survival rates after liver transplantation (LT) have improved dramatically, hepatocellular carcinoma (HCC) recurrence remains a significant problem and studies regarding the clinical outcomes and treatments of patients with HCC recurrence after LT are rare. In this study, satisfying the Milan criteria at living donor liver transplantation (LDLT) was important for recurrence rates after LDLT, but was not important for survival rates after HCC recurrence. Curative treatment for recurrent HCC after LDLT is the most important factor in survival rates after HCC recurrence. Combination treatments of sorafenib and an mTOR inhibitor could have survival benefits in patients with HCC recurrence after LT in the palliative treatment group.

[bookmark: OLE_LINK2756][bookmark: OLE_LINK2349][bookmark: OLE_LINK2413][bookmark: OLE_LINK2287][bookmark: OLE_LINK2309][bookmark: OLE_LINK2329][bookmark: OLE_LINK2285][bookmark: OLE_LINK2245][bookmark: OLE_LINK2212][bookmark: OLE_LINK2178][bookmark: OLE_LINK2039][bookmark: OLE_LINK3369][bookmark: OLE_LINK3314][bookmark: OLE_LINK2028][bookmark: OLE_LINK2206][bookmark: OLE_LINK2158][bookmark: OLE_LINK2074][bookmark: OLE_LINK2176][bookmark: OLE_LINK1942][bookmark: OLE_LINK1917][bookmark: OLE_LINK1875][bookmark: OLE_LINK1869][bookmark: OLE_LINK1796][bookmark: OLE_LINK1719][bookmark: OLE_LINK1802][bookmark: OLE_LINK1369][bookmark: OLE_LINK1236][bookmark: OLE_LINK658][bookmark: OLE_LINK699][bookmark: OLE_LINK140][bookmark: OLE_LINK111][bookmark: OLE_LINK110][bookmark: OLE_LINK48][bookmark: OLE_LINK2951][bookmark: OLE_LINK3500][bookmark: OLE_LINK58][bookmark: OLE_LINK3037][bookmark: OLE_LINK61][bookmark: OLE_LINK3055][bookmark: OLE_LINK77]Na GH, Hong TH, You YK, Kim DG. Clinical analysis of patients with hepatocellular carcinoma recurrence after living-donor liver transplantation. World J Gastroenterol 2016; In press














INTRODUCTION
Among the several treatment modalities for HCC, liver transplantation (LT) is a preferred treatment for selected patients with hepatocellular carcinoma (HCC) because it targets not only the tumor but also the underlying liver disease. Since the introduction of the Milan criteria by Mazzaferro et al[1] in 1996, disease-free survival and overall survival after LT for patients HCC meeting the Milan criteria have been equivalent to those of non-HCC patients. HCC has become a major indication for LT, and due to the increasing number of HCC patients, the number of LTs will likely increase further[2]. However, although survival rates after LT have improved dramatically, HCC recurrence remains a significant problem. Furthermore, because the outcomes were disappointing when patients with HCC not meeting the Milan criteria were treated with current treatment modalities other than LT[3], many centers are making efforts to expand the selection criteria[4,5]. For living-donor liver transplantation (LDLT), there has been a tendency to accept extended criteria in comparison with deceased-donor liver transplantation (DDLT)[6]. Thus, an evaluation of results after LDLT with such expanded criteria is important. In particular, it would be meaningful to compare HCC recurrence patterns and clinical outcome after LT according to the Milan criteria.
Treatment strategies for HCC-recurrence patients after LT are not well established, and treatment options are limited[7]. Due to the use of immunosuppressive agents, the prognosis of recurrent HCC after LT is poor, and its progression is typically very rapid. Additionally, recurrent HCC after LT tends to recur in multifocal and extra-hepatic sites. Nevertheless, some patients with HCC recurrence after LT have favorable prognoses and long-term survival after recurrence treatment[8]. However, few reports have examined patients with recurrent HCC after LT. Furthermore, LDLT differs from DDLT in terms of treatments after HCC recurrence, and there are a few reports about recurrent HCC after LDLT. Because currently used immunosuppressive agents, such as calcineurin inhibitors, make tumor cells proliferate, mammalian target of rapamycin (mTOR) inhibitors are recommended in patients at high risk of recurrent HCC after LT[9]. Due to compromised liver function in cirrhotic patients and the low efficacy of chemotherapy in HCC, chemotherapy treatments in HCC are not used commonly. Sorafenib is a small-molecule inhibitor of several tyrosine protein kinases (VEGFR and PDGFR) and Raf kinases. The SHARP trial showed the efficacy of sorafenib in HCC, with both median survival and time to progression showing 3-mo improvements[10]. Although combination treatments with mTOR inhibitors and sorafenib had some favorable results in HCC-recurrent patients after LT, there is currently no consensus on the most reliable treatment approach.
Thus, we examined patterns and outcomes of recurrent HCC after LDLT, particularly with regard to the Milan criteria at transplantation, treatments for HCC-recurrent patients after LDLT, and factors related to survival after HCC recurrence. Furthermore, we evaluated the effectiveness of combination treatment with sorafenib and mTOR inhibitors for recurrent HCC patients.

MATERIALS AND METHODS
Patients
From January 2001 to June 2014, 293 patients underwent LDLT for HCC at our transplant center. Among them, 54 (18.4%) patients experienced HCC recurrence after LDLT. We retrospectively reviewed HCC recurrence patients after LDLT. This study was approved by the institutional review board of our center.

LT and post-transplant follow-up
Because of a shortage of deceased donor in my country, most patients with HCC could not undergo DDLT, and usually underwent LDLT. Therefore, For LDLT, relatively expanded selection criteria could be adopted, if liver transplantation was not contraindicated such as distant metastasis, regional lymph node metastasis, and macroscopic main portal vein invasion. The availability of liver donor is most important in LDLT. When a live donor is available, we performed LDLT. If not, we performed locoregional treatments regardless of the Milan criteria. In case of HCC patients within Milan criteria, we performed LT first, if the donor is available. In case of HCC patients beyond Milan criteria, when the tumor biology is expected to good and the donor is available, we performed LT first, but otherwise we performed locoregional treatments with the purpose of bridging or down-staging.
LDLT was performed according to a standard technique using a modified right lobe with middle hepatic vein reconstruction. For patients with ascites, aspiration and cytology were performed before the operation. When lymph node enlargement was present and in cases with suspected metastatic disease, an intraoperative biopsy was performed. The operation was performed only in cases with negative biopsy results. Immunosuppression regimens after LT consisted of a triple-drug regimen that included tacrolimus or cyclosporin, mycophenolate mofetil (MMF), and prednisolone. Steroids were withdrawn 3 mo after surgery, and MMF was withdrawn 6 mo after surgery. An interleukin-2 receptor blocker was administered on the day of surgery and on the fourth postoperative day. Patients were followed monthly for the first year, every 2 mo for 5 years, and then every 3 mo. Tumor markers such as AFP was measured monthly during the first year, and then every 2 mo. Abdomen CT, chest CT, and bone scintigraphy were performed routinely every 4 mo for the first year, every 6 months for the second year, and then annually. When tumor recurrence was suspected, MRI and/or PET-CT were performed. The median follow up period was 18.5 mo (range: 3–170 mo).

Treatment of recurrent HCC after LDLT
Upon HCC recurrence after LDLT, the immunosuppressive agent was discontinued immediately or used at a reduced dose. Since the introduction of sorafenib in 2008 and sirolimus in 2012 in our hospital, the current standard treatment for recurrent HCC after LT has been a combination treatment of sorafenib and an mTOR inhibitor after locoregional treatment for suitable recurrent lesions. As an immunosuppressant, sirolimus was used instead of calcineurin inhibitors. The initial dose of sirolimus was 2 mg/d orally, and sirolimus whole blood concentrations were measured by immunoassay methodologies to adjust the dose to maintain whole blood trough concentrations at 5–10 ng/mL. The dose of sorafenib was 400 mg orally twice daily, and sorafenib was continued until the patient no longer benefitted or unacceptable toxicity emerged. Treatment modalities for recurrence were divided into curative intent and palliative intent treatments. Curative intent treatment was defined as surgical resection or ablation therapy, such as radiofrequency ablation (RFA) and percutaneous ethanol injection (PEI), intended to achieve no evidence of known recurrence. All patients considered unsuitable for curative treatment were enrolled in the palliative treatment group. Palliative treatments included transarterial chemoembolization (TACE), chemotherapy, and radiation. 

Statistical analysis
Continuous variables are reported as means ±[image: ][image: ] standard deviations; they were compared using Student’s t-test. Categorical variables were analyzed using Pearson’s chi-square test. Overall survival was calculated using the Kaplan–Meier method. To evaluate risk factors for survival in HCC recurrence patients, univariate analysis was performed using the Kaplan–Meier method and evaluated using the log-rank test. Candidate predictors associated with a p-value < 0.2 in univariate analyses were entered into a multivariate analysis using Cox regression analysis. Furthermore, comparative study was done between recurrent HCC patients regarding Milan criteria at transplantation, also, in curative and palliative treatment groups, comparative studies were done between sorafenib and sirolimus treatment group and other treatment group. Statistical analyses were performed using the SPSS software (ver. 18.0 for Windows; SPSS, Inc., Chicago, IL, USA). A p-value <0.05 was considered to indicate statistical significance.

RESULTS
Clinicopathological characteristics and recurrence patterns of patients with HCC recurrence after LDLT (Table 1)
The mean age of patients with HCC recurrence after LDLT was 52.0 ± 8.1 years, and 46 (85.2%) patients were males. The most common reason for LT was hepatitis B (n = 46, 85.2%), followed by alcohol (n = 5, 9.3%), hepatitis C (n = 2, 3.7%), and other causes (n = 1, 1.9%). The mean Child–Pugh score was 7.5 ± 2.4, and the mean model for end-stage liver disease (MELD) score was 11.7 ± 8.5. Of the patients, 48 (88.9%) received pretransplant locoregional treatments. The mean tumor number and maximal tumor size at LT were 2.4 ± 1.9 and 4.85 ± 4.07 cm, respectively. Of the patients, 38 (70.4%) did not meet the Milan criteria. The median follow-up periods after LDLT and after HCC recurrence were 18.5 (range, 3–170) mo and 8.5 (range, 0–122) mo, respectively.
The median time interval between LDLT and HCC recurrence was 6.5 mo (range, 1–150 mo, mean: 15.3 mo). Most HCC recurrence (n = 44, 81.5%) occurred within 2 years, with 37 (68.5%) patients experiencing HCC recurrence within 1 year (Figure 1A). At the time of HCC recurrence after LDLT, 14 (25.9%) patients had a solitary recurrent tumor, but 40 (74.1%) patients had multiple recurrent tumors. The most frequently involved organs were the lung (n = 24, 44.4%), followed by the liver (n = 17, 31.5%), bone (n = 10, 18.5%), lymph node (n = 6, 11.1%), brain (n = 2, 3.7%), and chest wall (n = 2, 3.7%).
In this study, 15 (27.8%) patients were managed with curative intent treatment, and the remaining 39 (72.2%) were managed with palliative intent treatments. Among the curative treatment group, 13 patients received only the operation for the first treatment of recurrent HCC, one patient underwent the operation and TACE, and one patient underwent TACE and RFA. Among the palliative group, TACE was the most common treatment modality for the first treatment of recurrent HCC: 10 patients received TACE as monotherapy or combined therapy (Table 2).

Patterns and treatment outcome of HCC recurrence after LDLT according to the Milan criteria at transplantation (Table 3)
We performed subgroup analysis to compare patterns of recurrent HCC according to the Milan criteria at LDLT. The Milam criteria were based on pathology results. During the study period, 293 patients underwent LDLT for HCC at our transplant center. Among the 180 (61.4%) patients who met the Milan criteria at LDLT, 16 (8.9%) experienced HCC recurrence. Among the 113 (38.6%) patients who did not meet the Milan criteria, 38 (33.6%) experienced HCC recurrence. Recipient age in the group not meeting the Milan criteria was significantly higher than that in the group meeting them (P = 0.005). Tumor number (P < 0.001) and size (P < 0.001) and AFP (P = 0.043) in the outside-the-Milan group were significantly higher than those in the within Milan group. Other clinicopathological factors at transplantation, such as recipient gender, etiology for transplantation, MELD score, GRWR, and history of pre-transplant locoregional treatments, were not significantly different between the two groups. Recurrence rates according to the Milan criteria at LDLT were significantly different (P < 0.001). However, in terms of tumor recurrence patterns, the time interval between LDLT and HCC recurrence (P = 0.157, Figure 1B), tumor number at HCC recurrence (P = 0.735), and HCC recurrence site (P = 0.555), there was no significant difference between the groups. Furthermore, survival rates after HCC recurrence were not significantly different between the groups (P = 0.245, Figure 2C).

Survival after HCC recurrence and factors related to it
The 6-, 12-, 24-, and 36-month overall survivals after HCC recurrence were 63.0, 41.1, 20.5, and 15.4%, respectively (Figure 2A). In univariate analysis, time to recurrence < 12 mo (P = 0.010), multiple HCC recurrences (P < 0.001), brain metastasis (P < 0.001), and palliative treatment for recurrent tumors (P < 0.001; Figure 2B) were statistically associated with poor overall survival after HCC recurrence. Among them, time to recurrence < 12 mo [hazard ratio = 2.408 (1.007–5.756), P = 0.048], multiple HCC recurrences [hazard ratio = 3.438 (1.072–11.025), P = 0.038], and palliative treatment for recurrent tumors [hazard ratio = 3.886 (1.591–9.490), P = 0.003] were independent predictors of poor survival in a multivariate analysis. However, tumor state at transplantation, such as meeting the Milan criteria (P = 0.245), microvascular invasion (P = 0.384), and tumor grade (P = 0.227), were not significantly associated with survival rate after HCC recurrence (Table 4).

Efficacy of combination treatments of sorafenib and sirolimus for HCC-recurrent patients after LDLT
We evaluated the efficacy of the combination treatment of sorafenib and sirolimus. We divided patients into a curative treatment group and a palliative group. In the palliative group, 12 patients received a combination treatment of sorafenib and sirolimus; the remaining 27 patients did not. Although tumor characteristics at transplantation and at HCC recurrence were not significantly different between the combination treatment group and the other treatment group (Table 5), survival rates after HCC recurrence in the combination treatment group were significantly higher than in the other treatment group among the palliative group (P = 0.005; Figure 3A). However, combination treatment with sorafenib and sirolimus did not show survival benefits in the curative treatment group (P = 0.955; Figure 3B).
During the combination treatments of sorafenib and sirolimus, adverse effects included 8 cases of diarrhea and 3 cases of hand-foot syndrome. Although the combination treatment was generally well tolerated, there were adverse events exceeding grade 3 were 3 cases of diarrhea. Among them, one patient discontinued the combination treatment, the remaining two patient reduced the dose of sorafenib.

DISCUSSION
LT is a preferred treatment for selected patients with HCC because it targets not only the tumor but also the underlying liver disease. The 5-year survival rate for HCC patients who meet the Milan criteria is 70–85%, with a recurrence-free survival rate of 75%[1]. Many centers are making efforts to expand the selection criteria because of the strictness of the Milan criteria[4,5]. However, HCC recurrence after LT remains an important problem in clinical practice. Indeed, the number of patients with HCC recurrence after LT continues to increase. In addition, for LDLT, there has been a tendency to accept extended criteria in comparison with DDLT[6]. In one meta-analysis, disease-free survival was significantly shorter in patients receiving LDLT[11]. The inferior oncological outcomes in the LDLT group may have been caused by more aggressive tumor biology and small-for-size graft injuries and regeneration[12]. In this study, 54 (18.4%) patients experienced HCC recurrence after LDLT. HCC recurrence rates after LDLT in this study were higher than that in previous DDLT studies, especially in the group that did not meet the Milan criteria (33.6% for the group outside the Milan criteria vs 8.9% for the group within them). Although the risk factors for HCC recurrence after LT have been studied, there are few studies about the clinical outcomes and treatments of patients with HCC recurrence after LT. Furthermore, studies about the effects of meeting the Milan criteria at transplantation on clinical outcomes after HCC recurrence are even rarer. Thus, the primary aim of this study was to assess the clinical outcome in patients with HCC recurrence after LDLT and to identify factors affecting survival after HCC recurrence following LDLT. A secondary aim was to compare recurrence patterns and outcomes according to the Milan criteria at transplantation. The last aim was to examine the effectiveness of new modalities for patients with HCC recurrence after LDLT.
Although HCC patients are selected for LT according to standard criteria, previous studies have reported that 10%–40% of them experience HCC recurrence[13]. Most HCC recurrence develops within 2 years after LT, and the lung is the most frequent site of recurrence after LT[14,15]. Similarly, in this study, most HCC recurrence (n = 44, 81.5%) occurred within 2 years after LDLT, with 37 (68.5%) patients experiencing HCC recurrence within 1 year; where the most frequently involved organ was the lung (n = 24, 44.4%). The 1-, 2-, and 3-year overall survival rates after HCC recurrence were 41.1, 20.5, and 15.4%, respectively. These findings were consistent with previous studies. This study also showed that time to recurrence < 12 mo, multiple recurrences at HCC recurrence, and palliative treatment for recurrent tumors were significant independent predictors of poor survival after HCC recurrence. These findings reinforce previous studies suggesting that the time between LT and HCC recurrence and curative treatment for recurrent HCC after LT are keys for predicting outcomes after HCC recurrence[16-18]. This study provides an important guide for the management for recurrent HCC in patients after LT and supports our treatment policy indicating that when a patient is diagnosed with HCC recurrence after LT, resection or ablative treatments should be considered first in the treatment algorithm if possible.
Because previous reports about patients with HCC recurrence after LT involved patients receiving DDLT, most patients met the Milan criteria at transplantation. There are some differences between LDLT and DDLT, and there has been a tendency to accept extended criteria for LDLT compared with DDLT. Our transplant center mainly performs LDLT. Thus, this study included many HCC patients who did not meet the Milan criteria at transplantation in contrast with most previous reports. Additionally, previous studies comparing recurrence patterns and survival rates after HCC recurrence according to the Milan criteria at LT are rare. Thus, we analyzed clinical outcomes and HCC-recurrent patterns according to the Milan criteria at transplantation. Our study showed that although recurrence rates after LDLT were significantly different, HCC recurrence patterns and survival rates after HCC recurrence were not significantly different between the two groups. Because of the small number of patients included in this study and the scarcity of comparable previous studies, further prospective studies are needed.
Treatment of recurrent HCC after LT is difficult, and the prognosis is poor, with a median survival of less than 1 year[18]. In principal, all treatment options currently available for advanced HCC are also potentially feasible in recurrent HCC after LT. However, HCC recurrence after LT is considered a “systemic disease”, and the efficacy of locoregional treatment for a systemic disease is doubtful. Thus, new treatment strategies in recurrent HCC after LT are needed. Sorafenib is the treatment of choice for advanced HCC because survival in sorafenib patients with underlying liver cirrhosis is longer than that in placebo controls[10,19]. Theoretically, such a systemic therapy could be the best approach for HCC recurrence after LT. Sposito et al[20] reported that sorafenib seemed to be associated with an acceptable safety profile and provided benefit in survival in HCC patients suffering recurrence after LT. Survival of patients in the sorafenib group was improved significantly (median survival from recurrence 21.3 mo vs 11.8 mo, HR = 5.2, P = 0.0009). The only factor associated with survival after HCC recurrence in a multivariate analysis was treatment with sorafenib (HR = 4.0; P = 0.0325).
The growth rate of recurrent HCC after LT is significantly faster than that in non-transplanted patients with HCC who underwent surgical resection, presumably due to ongoing immunosuppression and reduced host immunity against micrometastasis[21,22]. Over recent decades, the mTOR inhibitors everolimus and sirolimus has been introduced, and attention has turned to the question of whether their use could ameliorate the risk of post-transplant HCC recurrence. Combination treatments of sorafenib and an mTOR inhibitor as a new treatment modality have been studied, but data about combination treatments of sorafenib and mTOR inhibitors in patients with HCC recurrence after LT are limited. It has been hypothesized that combination treatments could have synergistic effects. Recently, some studies reported that combination treatments of sorafenib and mTOR inhibitors showed survival benefits in patients with HCC recurrence after LT. Gomez-Martin et al[23] reported that the combination treatment of sorafenib and an mTOR inhibitor could be effective in recurrent HCC after LT in the palliative treatment group. In a total of 26 patients, there was one partial response and 13 cases with disease stabilization as the best response. Our study also showed that combination treatments of sorafenib and mTOR inhibitors had significant survival benefits in the palliative treatment group (P = 0.005).
In conclusion, meeting the Milan criteria at LDLT is associated with significant less recurrence rates after LDLT, but is not associated with survival rates after HCC recurrence. However, curative treatment for recurrent HCC after LDLT is the most important factor in survival rates after HCC recurrence. Furthermore, combination treatments of sorafenib and an mTOR inhibitor could have survival benefits in patients with HCC recurrence after LT in the palliative treatment group. Lastly, prospective studies with larger cohorts are required to address these issues more fully.
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Figure 1 Time interval between living donor liver transplantation and hepatocellular carcinoma recurrence. A: Whole study population; B: Comparison according to the Milan criteria at transplantation. HCC: Hepatocellular carcinoma; LDLT: Living donor liver transplantation.
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Figure 2 Survival rates after hepatocellular carcinoma recurrence. A: Whole study population; B: Comparison between curative intent group and palliative intent group; C: Comparison according to the Milan criteria at living donor liver transplantation. HCC: Hepatocellular carcinoma.
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Figure 3 Survival rates after hepatocellular carcinoma recurrence in palliative treatment group (A) and curative treatment group (B). HCC: Hepatocellular carcinoma.




Table 1 Clinicopathological characteristics of patients with hepatocellular carcinoma recurrence after living donor liver transplantation
	Factors
	Data, n (%)

	Recipient age1
	52.0 ± 8.1

	Recipient sex, male
	46 (85.2)

	Etiology
Hepatitis B
Hepatitis C
Alcohol
Other
	
46 (85.2)
2 (3.7)
5 (9.3)
1 (1.9)

	MELD score1
	11.7 ± 8.5

	GRWR1
	1.28 ± 0.24

	Pre-transplant locoregional treatment
	48 (88.9)

	Tumor marker at transplantation
	

	AFP1
	717.3 ± 1748.1 (median: 43.3)

	HCC characteristics at pathology
	

	Number1
	2.4 ± 1.9 (median: 2.0)

	Maximal tumor size (cm)1
	4.85 ± 4.07 (median: 3.8)

	Microvascular invasion
	30 (60.0)

	E-S grade III-IV
	25 (52.1)

	Beyond Milan criteria
Patterns of HCC recurrence
Time between LDLT and recurrence (mo)1
Single vs multiple
Intrahepatic vs extrahepatic vs both
Recurrence organ
 Lung
 Liver
 Bone
	38 (70.4)

15.3 ± 23.9 (median: 6.5, range: 1 – 150)
14 (25.9) vs 40 (74.1)
12 (22.2) vs 37 (68.5) vs 5 (9.3)

24 (44.4)
17 (31.3)
10 (18.5)


1Values are shown as mean ± SD except where stated otherwise. MELD: Model for end-stage liver disease; GRWR: Graft-to-recipient body weight ratio; AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; E-S grade: Edmondson-Steiner grade; LDLT: Living donor liver transplantation.


























Table 2 First treatment modalities for recurrent hepatocellular carcinoma after liver transplantation, n (%)
	Treatments
	Curative
(n = 15, 27.8%)
	Palliative
(n = 39, 72.2%)

	Operation
Operation and radiation 
Operation and TACE
TACE
TACE and RFA
Radiation
Intravenous chemotherapy
Sorafenib
Conservative treatment
	13 (86.7)
1 (6.7)


1 (6.7)




	1 (2.6)
4 (10.3)
1 (2.6)
8 (20.5)
1 (2.6)
7 (17.9)
5 (12.8)
8 (20.5)
4 (10.3)


TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation. 


















Table 3 Differences of hepatocellular carcinoma recurrence patterns according to the Milan criteria at transplantation, n (%)
	Factors
	Within Milan
(n = 16)
	Beyond Milan
(n = 38)
	P value

	Recipient age1
	47.4 ± 5.9
	53.9 ± 8.1
	0.005

	Recipient sex, male
	13 (81.3)
	33 (86.8)
	0.682

	Etiology, hepatitis B
	12 (75.0)
	34 (89.5)
	0.127

	MELD score1
	10.9 ± 9.1
	12.0 ± 8.2
	0.692

	GRWR1
	1.27 ± 0.20
	1.28 ± 0.26
	0.919

	Pre-transplant locoregional treatment
	13 (81.3)
	35 (92.1)
	0.346

	Tumor marker at transplantation
	
	
	

	 AFP1
	213.0 ± 371.8
	829.6 ± 2040.7
	0.043

	HCC characteristics at pathology
	
	
	

	 Number1
	1.2 ± 0.6
	2.9 ± 2.0
	< 0.001

	 Maximal tumor size1
	2.33 ± 1.10
	5.93 ± 4.41
	< 0.001

	 Microvascular invasion
	7 (50.0)
	23 (63.9)
	0.368

	 E-S grade III-IV
	6 (46.2)
	19 (54.3)
	0.616

	Recurrent HCC patterns
	
	
	

	 Recurrence rates 
	8.9%
	33.6%
	< 0.001

	 Time interval, median (mo) 
(LDLT-HCC recurrence)
	7.0 (1-150)
mean: 24.1 ± 39.5
	6.0 (1-46)
mean: 11.5 ± 11.9
	0.157


	 Single or Multiple
	
	
	0.735

	 Single
	5 (31.3)
	9 (23.7)
	

	 Multiple
	11 (68.7)
	29 (76.3)
	

	 Recurrence site
	
	
	0.555

	 Intrahepatic
	5 (31.3)
	7 (18.4)
	

	 Extrahepatic
	10 (62.5)
	27 (71.1)
	

	 Both
Survival after HCC recurrence, median
(mo)
	1 (6.3)
12.0 (3-122)
mean: 24.0 ± 33.5
	4 (10.5)
8.0 (1-62)
mean: 10.4 ± 10.5
	
0.224



1Values are shown as mean ± SD except where stated otherwise. MELD: Model for end-stage liver disease; GRWR: Graft-to-recipient body weight ratio; AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; E-S grade: Edmondson-Steiner grade; LDLT: Living donor liver transplantation.


























Table 4 Factors related with survival rates after hepatocellular caricnoma recurrence
	Factors
	Univariate analysis
P value
	Multivariate analysis

	
	
	Harzard ratio (95CI)
	P value

	Age > 60 yr
	0.124
	
	

	Male sex
	0.739
	
	

	Etiology
	0.291
	
	

	MELD score > 15
	0.153
	
	

	GRWR < 1.0
Pre-transplant treatments
	0.658
0.170
	

	


	Tumor state at transplantation
	
	
	

	AFP > 100
Beyond Milan criteria
	0.575
0.245
	

	


	Microvascular invasion
	0.384
	
	

	E-S grade III-IV
	0.227
	
	

	Time to recurrence < 12 mo
	0.010
	2.408 (1.007 - 5.756)
	0.048

	Multiple recurrence
	< 0.001
	3.438 (1.072 - 11.025)
	0.038

	Recurrence site
Liver
Lung
Bone
Brain
	
0.824
0.937
0.695
< 0.001
	



2.966 (0.565 - 15.583)
	



0.199

	Palliative treatment for recurrent tumors
	< 0.001
	3.886 (1.591 - 9.490)
	0.003


MELD: Model for end-stage liver disease; GRWR: Graft-to-recipient body weight ratio; AFP: Alpha-fetoprotein; E-S grade: Edmondson-Steiner grade. 



Table 5 Clinicopathological characteristics in palliative treatment group between sorafenib and sirolimus treatment group and other treatment group, n (%)
	Factors
	Sorafenib + Sirolimus
	Other treatments
	P value

	Recipient age1
	55.3 ± 9.1
	51.6 ± 6.9
	0.179

	Recipient sex, male
	9 (75.0)
	24 (88.9)
	0.348

	Etiology, Hepatitis B
	10 (83.3)
	22 (81.5)
	0.369

	MELD score1
	9.3 ± 3.3
	14.0 ± 9.7
	0.033

	GRWR1
	1.40 ± 0.27
	1.23 ± 0.25
	0.065

	AFP at transplantation1
	1038.3 ± 1849.2
	256.5 ± 361.1
	0.173

	HCC characteristics at pathology
	
	
	

	 Number1
	2.42 ± 2.02
	2.38 ± 2.09
	0.965

	 Maximal tumor size1
	4.20 ± 2.06
	5.44 ± 5.36
	0.444

	Beyond Milan criteria
	9 (75.0)
	17 (65.4)
	0.714

	Time between LDLT and recurrence, median
	6 (range: 3–150)
	5 (range: 1-46)
	0.270

	Patterns of HCC recurrence
	
	
	

	Single or Multiple
	
	
	0.219

	Single
	2 (16.7)
	1 (3.7)
	

	Multiple
	10 (83.3)
	26 (96.3)
	

	 Intrahepatic or Extrahepatic
	
	
	0.074

	Intrahepatic
	0
	9 (33.3)
	

	Extrahepatic
	10 (83.3)
	15 (55.6)
	

	Both
	2 (16.7)
	3 (11.1)
	

	AFP at HCC recurrence1
	7913.2 ± 16023.5
	6139.5 ± 17794.2
	0.772


1Values are shown as mean ± SD except where stated otherwise. MELD: Model for end-stage liver disease; GRWR: Graft-to-recipient body weight ratio; AFP: Alpha-fetoprotein; HCC: Hepatocellular carcinoma; LDLT: Living donor liver transplantation.
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