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Abstract 
Recurrence after hepatocellular carcinoma (HCC) is frequent. Currently, there are no recommendations on therapeutic strategy after recurrence of HCC. Whereas the 5 year-recurrence rate after resection of HCC is 100%, this drops to 15% after primary liver transplantation. Repeat hepatectomy and salvage liver transplantation (SLT) could be performed in selected patients to treat recurrent HCC and enable prolonged overall survival after treatment of recurrence. Other therapies such as local ablation, chemoembolization or sorafenib could be proposed to those patients unable to benefit from resection or SLT. A clear definition of the place of SLT and “prophylactic” liver transplantation is required. Indeed, identifying risks factors for recurrence at time of primary liver resection of HCC may help to avoid recurrence beyond Milan criteria and non-resectable situations. In this review, we summarize the recent data available in the literature on the feasibility and outcomes of repeat hepatectomy and SLT as treatment for recurrent HCC.
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Core tip: Recurrence after hepatocellular carcinoma (HCC) is frequent. Repeat hepatectomy and salvage liver transplantation (SLT) could be performed in selected patients to treat recurrent HCC and enable prolonged overall survival after treatment of recurrence. A clear definition of the place of SLT and “prophylactic” liver transplantation is required. Identifying risks factors for recurrence at time of primary liver resection of HCC may help to avoid recurrence beyond Milan criteria and non-resectable situations. In this review, we summarize the recent data available in the literature on the feasibility and outcomes of repeat hepatectomy and SLT as treatment for recurrent HCC.
Lacaze L, Scotté M. Surgical treatment of intra hepatic recurrence of hepatocellular carcinoma. World J Hepatol 2015; In press
INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent primary liver tumor. Worldwide, it represents the sixth most common cancer in terms of incidence and is the second cause of cancer-related death[1]. 
The European Association for the Study of the Liver-European Organisation for Research and Treatment of Cancer group has defined therapeutic strategies for management of primary HCC with the Barcelona-Clinic Liver Cancer (BCLC) algorithm[2]. Currently, there are no published guidelines for treatment of recurrent HCC. Furthermore, there are no randomized prospective studies available in the literature, to determine treatment of choice. In absence of guidelines, some authors have used the BCLC algorithm for cases of recurrent HCC. As for primary tumors, different treatments could be performed in cases of recurrent HCC: second or more resection, salvage liver transplantation, local ablation, chemoembolization or antiangiogenic therapy. In this short review, we highlight potential surgical treatments for recurrent HCC, including second resection or liver transplantation.

RECURRENT HEPATOCELLULAR CARCINOMA
Tumor recurrence is common after primary resection of HCC. After HCC resection, the 5-year survival rate is about 70%. However, the rate of recurrence remains high, with a 5-year cumulative rate of up to 100 %[3]. After liver transplantation, the 5-year recurrence rate is estimated at between 5% and 15% in the literature[4-6]. In addition, no adjuvant treatment is recommended to prevent recurrence. 
Recurrence is confined to the liver in 80% to 95% of cases. In about 50% of cases, recurrence is multifocal. In 15% of cases, extra hepatic recurrence is associated[7,8]. Two types of recurrences may be distinguished: early recurrence and late recurrence[9]. The literature is unclear regarding cut-off time with some authors considering cut-off at 12 mo and others 2 years. Usually, early recurrence is considered to occur up to 2 years after primary HCC and late recurrence more than 2 years after primary resection. Early recurrence and late recurrence are considered to represent different mechanisms of recurrence. Early recurrence is considered as metastatic occurrence and late recurrence as multicentric occurrence of HCC[9]. These two types of recurrences seem to have different outcomes suggesting different treatments. Risk factors for both early and late recurrence have been reported in the literature. Microvascular invasion, satellite nodule, poor differentiation, nonanatomic resection are risk factors for early recurrence. Late recurrence shares the same risk factors as primary HCC[9,10]. According to the literature, recurrence within Milan criteria after primary resection of HCC ranges between 60% to 80%[11,12].

Surgical treatment of recurrence
Two surgical treatments may be considered for recurrent HCC: re resection and liver transplantation. Because of the lack of available grafts, few patients are able to benefit from treatment by transplantation.

Re resection is considered as the treatment of choice for patients with intra hepatic recurrence and well-preserved liver function, while liver transplantation is mostly performed in patients with poor liver function. However, some authors recommend other therapeutic strategies. 

REPEAT HEPATECTOMY
Only about 20% of patients with recurrent HCC are candidates for surgical treatment. Localization of the tumor, number of tumors, and liver function determine choice of treatment for recurrent HCC. In cases of multinodular liver recurrence, repeat resection should not be recommended.

Repeat liver resection is reserved for patients with good liver function and sufficient estimated remnant liver volume (RLV) after re resection. If the volume of the future liver remnant is estimated to be inadequate, portal embolization may increase the volume of the future liver remnant. If the change in volume is insufficient, repeat hepatectomy is absolutely contraindicated and another treatment should be considered. In cirrhotic liver, RLV should be more than 40% of total liver volume. In a retrospective study, Lin et al[13] suggested a cut-off of the ratio of RLV-body weight of 1.4% to avoid postoperative liver failure. 

In 1986, Nagasue et al[14] was the first to report a series of repeat hepatic resections for recurrent HCC without mortality. Subsequent progress in hepatobiliary surgery and methods for evaluating liver function led to publication of several series of patients with repeat resection for recurrent HCC. 

In 2013 Chan et al[15] published, a systematic review of the outcomes of repeat hepatectomy. This review included series between January 2000 and November 2012. Twenty-two series were identified, with no randomized trial. This review confirmed the feasibility of repeat hepatectomy in patients with cirrhotic liver. The median morbidity range of this review was between 0% and 6%, confirming the safety of repeat hepatectomy. Ascites was the most frequent morbidity with a median range of between 0% and 32%. 
Since this publication, other series on repeat hepatectomy have been published, notably two major series on second or more hepatectomies to treat repeat hepatectomy. Mise et al[16] report a study on third or more hepatectomies for recurrent HCC. The results of three hepatectomy groups were compared: first hepatectomy, second hepatectomy, and third hepatectomy or more. In this study, no 90-d mortality was reported for either second hepatectomy or third hepatectomy and more. No significant difference in morbidity rate was found between the different hepatectomy groups. The morbidity rate of patients after second hepatectomy was 18% in 289 patients and the morbidity rate after third hepatectomy or more was 23% in 110 patients[16] 
.

In a retrospective study, Yamashita et al[17] compared the results of repeat hepatectomy for recurrent HCC. Second hepatectomy was performed in 163 patients and third hepatectomy or more in 46 patients. The mortality rate after second hepatectomy was 1.2%, compared to 0% mortality rate after third or more hepatectomy. No significant difference was found between the three groups in terms of morbidity. The morbidity rate was 26% for second and 30% for third hepatectomy[17].

The above two publications confirm the feasibility of repeat hepatectomy for recurrent HCC. 

Concerning the survival rate after hepatectomy for recurrent HCC, data in the literature confirm the long-term survival of patients after this surgical treatment (Table 1). In the review by Chan et al[15], the 5-year survival rate was evaluated at between 22% and 83% with a median rate of 52%. Mise et al[16] found a 5-year overall survival rate after second liver resection of 60.5% and after third hepatectomy or more of 68.2%. They reported no significant difference between first, second and third or more hepatectomy for overall survival rate. Yamashita etal showed a 5-year overall survival rate of 60% after second and 43% after third or more hepatectomy[17]. 

Second resection or more for recurrent HCC enabled long-term survival and must be considered in cases of resectable liver intrahepatic recurrence of HCC.

So, second resection or more could be safely performed without high morbidity or mortality and allow prolonged overall survival, but what about disease free survival thereafter?

According to the review published by Chan et al[15], length of median disease free survival was 15 mo, ranging between 7 and 32 mo. In the more recent articles by Mise et al[16] and Yamashita et al[17], the 5-year disease free survival rate was 17.9% and 29% after second hepatectomy and 12.8% and 18% after third hepatectomy or more respectively. 

In our personal experience in an intention-to-treat study comparing the results of repeat resection with local ablation of recurrent HCC (data not published), we found a 5-year overall survival rate of 27% after repeat hepatectomy.

In conclusion, repeat hepatectomy is a feasible treatment for recurrent HCC and should be considered for patients with one HCC nodule and good liver function with sufficient estimated liver remnant. It enables long term overall survival even in cases of third or more repeat hepatectomy.

THE ROLE OF LIVER TRANSPLANTION
The advantage of liver transplantation after first hepatic recurrence is to treat the underlying cirrhotic liver to prevent another recurrence. 

SALVAGE LIVER TRANSPLANTATION
In cases of recurrent HCC according to Milan criteria, salvage liver transplantation could be proposed if age of patients and comorbidity allow.

In 2000, Majno et al[18] were the first to describe salvage liver transplantation (SLT) for recurrent HCC in selected patients and showed that overall survival and disease free survival were the same after primary liver transplantation or SLT. A meta-analysis by Zhu et al[19] of 14 studies conducted between 2000 and 2012 confirmed that SLT offers the same mortality rate as primary liver transplantation. The mortality rate of ten studies pooled was 6.34%, with no significant statistical difference with primary liver transplantation. 

Another systematic review published by Chan et al[20] in 2013, showed a median perioperative mortality rate of 5% (0%-24%).
Regarding perioperative morbidity, no significant statistical difference was found compared to primary liver transplantation (PLT). The morbidity rate reached 34% in the meta analysis by Zhu et al[19].

Laurent et al[21] showed that SLT could be safely performed after open primary liver resection or laparoscopic liver resection but that laparoscopic liver resection required less operative time, and blood transfusion. 

All these data confirm that SLT could be safely performed without high morbidity or mortality rate.

The short and long-term outcomes after SLT have been studied to evaluate the validity of this therapeutic strategy (Table 2). 

Guerrini et al[22] published a 5-year overall survival rate of 49.2%. The meta analysis by Zhu et al[19] showed that the 5-year overall survival rate was lower after SLT than after PLT. In the review by Chan et al[20], the median overall survival rate reached 62% at 5 years with a range between 41% and 89%.

Another point to highlight regarding SLT strategy is the disease free survival rate. In the literature, the median 5-year disease free survival rate was 67% with a range between 29% and 100%[20]. 

Even if no prospective studies have been published on SLT, the literature confirms the feasibility of SLT that could achieve long-term survival and prolonged disease free survival after primary resection of HCC.

INDICATIONS FOR REPEAT HEPATECTOMY OR SALVAGE LIVER TRANSPLANTATION
There are no current guidelines on treatment of choice for recurrent intrahepatic HCC. If recurrence is beyond Milan criteria, SLT cannot be performed. If intrahepatic recurrence is within Milan criteria with age 70 years or less, no medical contra indications, portal hypertension and/or abdnormal bilrubin, patients could be proposed liver transplantation. Because of the lack of liver donors, some authors suggest identifying criteria for high or low risk of recurrence to choose between SLT or repeat resection in patients within Milan criteria for recurrent HCC. 

The delay of recurrence seems to have an impact on the long-term outcomes of treatment. In a single center study, Huang et al[23] showed that overall survival rate was significantly better after repeat hepatectomy in patients with late recurrence than in patients with early recurrence. In this study, the cut-off was 18 mo. Furthermore, in the review by Chan et al[15], the only prognostic factor, which impacted on the outcome after repeat hepatectomy, was time to recurrence. A time to recurrence greater than 12-18 mo allowed better long-term survival. 

From data in the literature, we should consider repeat hepatectomy in patients with a time to recurrence of more than 12 mo even if this cut-off is arbitrary.
Sapisochin et al[24] published a comparative study to dermine if patients eligible for SLT should be contraindicated because of high risk of recurrence. In this article, they showed that patients with early recurrence after liver resection for primary HCC had statistically significant poor outcomes after salvage transplantation, especially in patients with poorly differentiated tumors. Even if this study included a small number of patients, it suggests that SLT should be limited in these cases.

In 2012, Belghiti et al[10] identified predictive factors for nontransplantability because of recurrence beyond Milan criteria: microvascular invasion, satellite nodules, tumor size > 3 cm, poorly differentiated tumors and liver cirrhosis. In the presence of three factors or more, Belghiti et al[10] proposed performing liver transplantation prior to recurrence to avoid recurrence beyond Milan criteria. For patients with fewer than three negative factors, liver transplantation should be performed only in cases of HCC recurrence. 
Another publication by Lee et al[25] confirmed that early recurrence (before 8 mo) after primary liver resection was a negative factor for disease free survival after SLT. A rate of 200 ng/mL or more and recurrence beyond Milan criteria were also independent negative prognostic factors for disease free survival after SLT. In this study, patients with one or more of these factors showed worse overall survival and poorer disease free survival than patients without these three risk factors.

Due to insufficient data in the literature and absence of prospective studies, it is difficult to propose a decisional algorithm (Figure 1). We should consider that time to recurrence is the most important prognostic factor for impairment of overall survival after repeat hepatectomy or SLT. In cases of HCC recurrence before 12-18 mo, we should not perform SLT or repeat hepatectomy and other therapies such as chemoembolization or sorafenib should be considered. The role of “prophylactic” liver transplantation must be specified, especially in patients with negative histological factors so to avoid recurrence beyond Milan criteria.
In conclusion, there are no standardized guidelines for the therapeutic strategy of intrahepatic HCC. We should consider repeat hepatectomy and salvage liver transplantation as safe and feasible treatments. These two treatments allow long-term outcomes. Nevertherless, the place of SLT remains to be clearly defined. According to data in the literature, certain negative histological factors as well as delay of recurrence should be taken into account when choosing the best treatment for the patient. A prospective study evaluating salvage liver transplantation and repeat hepatectomy is warranted to confirm the place of liver transplantation after primary resection of HCC and prior to recurrence. 
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Table 1 Major studies of outcomes of repeat hepatectomy for recurrent hepatocellular carcinoma from 2010
	Ref.
	Type of study
	Patients
n
	Treatment
	5 yr overall survival
	Prognostic factors for time to recurrence

	Zhou et al[26] 


	Systematic

review
	1149
	Re Resection
	48.5%

(25%-87%)
	Female gender

Younger age

Tumor grade

Microvascular invasion

Recurrent tumor > 3 cm

Albumin < 35 g/L



	Huang et al[23] 


	Retrospective study
	82
	Re Resection
	22.4%
	Microvascular invasion



	Chan et al[15] 


	Systematic review
	1125
	Repeat hepatectomy
	52%

(22%-83%)
	Blood transfusion

Macro/mircovascular invasion

Tumor number

Tumor size

Liver status

	Yamashita et al[17] 


	Retrospective study
	163

46
	Second hepatectomy

Third or more hepatectomy
	60%

43%
	

	Tabrizian et al[27] 


	Retrospective study
	356
	Re resection: 19%

Transplant listing: 16%

Local ablation: 17%

Embolization: 23%

Other: 12%

None: 7%


	47%

51% 

25%

9%

0%

0%
	Type of treatment

Tumor number

Tumor size

Alphafoeto protein rate



	Mise et al[16]  

	Retrospective study
	289

110
	Second hepatectomy

Third or more hepatectomy
	60.5%

68.5%
	Satellite nodules


Table 2 5-year overall survival and prognostic factors for overall survival after salvage liver transplantation
	Ref.
	Type of study
	Patients
n
	5 yr overall survival
	Prognostic factors for overall survival

	Sapisochin et al[24]  

	Case control study
	17
	52%
	

	Wu et al[28]  

	Retrospective study
	36
	69.4%
	

	Liu et al[29]
 

	Retrospective study
	39
	61%
	

	Fuks et al[11]
 

	Retrospective study
	138
	71%
	

	Guerrini et al[22]
 

	Retrospective study
	28
	49.2%
	

	Chan et a [20]
 

	Systematic review
	319
	62%
	

	Qu et al[30]
 

	Retrospective Study
	111
	49.5%
	Edmonson grade

Hepatic vein invasion

Portal vein invasion

TNM stage

	Lee et al[31]
 
	Retrospective study
	69
	54.6%
	Time to recurrence

Alpha foetoprotein > 200 ng/mL
HCC outside Milan criteria




HCC: Hepatocellular carcinoma. 
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Figure 1 Proposed decisional algorithm according to delay of recurrence. HCC: Hepatocellular carcinoma. 
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