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Abstract
BACKGROUND
Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) has becoming ever more recognized in the treatment of hepatocellular carcinoma (HCC). Nevertheless, long-term survival rate and postoperative complications are far from ideal, mainly since the majority of patients treated with ALPPS surgery have large or multiple lesions and microvascular tumor thrombus.

CASE SUMMARY
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]We present the case of a 47-year-old male patient with a huge right hepatic mass and an estimated insufficient residual liver, who was successfully treated with ALPPS surgery and apatinib. Postoperative pathology revealed HCC with several significant microvascular embolisms. Twenty months after operation, no tumor reoccurrence was observed.

CONCLUSION
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Our case indicated that combined targeted drug therapy with ALPPS can lead to long-term survival for patients with large HCC.
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Core tip: Our aim was to explore the feasibility of associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) combined with targeted therapy in the treatment of advanced hepatocellular carcinoma (HCC). Herein, we present the case of a 47-year-old male patient with a huge right hepatic mass and an estimated insufficient residual liver, who was successfully treated with ALPPS surgery and apatinib. Postoperative pathology revealed HCC with several significant microvascular embolisms. Twenty months later, no tumor reoccurrence was observed, indicating that combined targeted drug therapy with ALPPS can lead to long-term survival for patients with large HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is among the most common causes of cancer-related deaths worldwide. Currently, HCC is the second most common malignancy in cities and the first most common malignancy in the countryside of China; it is the second cancer-related mortality in males and third in females, seriously affecting the health of Chinese people[1]. Currently, the treatments for HCC have greatly progressed due to the development of technology. In addition, a great variety of treatments have been applied so far, such as targeted drug therapy, microwave and radiofrequency ablation therapy, interventional radiotherapy and so on. Nevertheless, surgical resection remains the most effective treatment, preferred by patients with HCC, among whom only 20%-30% are eligible for surgical resection[2,3]. It has also been reported that the 5-year survival rate of HCC is 40%, while the rate of resectable early HCC can reach 60%-70%[4], which means that most patients cannot undergo radical resection but can only benefit from remedial treatments such as drugs and radiation interventions, which eventually leads to the poor prognosis of HCC treatment.
Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) is a new surgical procedure that has emerged over the recent years. It was first applied to liver metastasis of colon cancer with good results[5]. ALPPS is directed at patients with large or multiple right liver tumors that cannot be resected at one time due to insufficient residual liver volume. The first step is the ligation of the affected side of the portal vein, which allows the blood supply of the portal vein to nourish the normal liver. In addition, the hepatic artery and vein of the affected side are retained to preserve parts of the function of the affected liver; the left and right livers are separated at the same time to prevent tumor invasion of the normal liver lobe. When the normal hepatic lobe volume increases to an ideal range, which usually takes 2-3 wk, the affected liver is resected to avoid the occurrence of postoperative liver failure. It has been reported that 55% of the patients with HCC in the world are Chinese[1]. Many large liver centers in China have applied ALPPS for the treatment of liver cancer over the recent years, achieving good results. The team of academician Fan Jia, Zhongshan Hospital of Shanghai Fudan University, has performed a retrospective analysis of 45 cases of hepatitis B-related HCC after ALPPS surgery from April 2013 to September 2017, showing that the long-term survival rate after ALPPS was better than that after transcatheter arterial chemoembolization (TACE), and that there was no significant difference between ALPPS and primary hepatectomy[6]. Yet, many scholars have questioned the high complication and mortality rates of ALPPS. Most of the patients who underwent ALPPS were advanced HCC. How to carry out postoperative comprehensive treatment to improve the survival rate of HCC patients is also a problem worthy of discussion. Herein, we present a case of giant HCC with cirrhosis of the right liver. Preoperative assessment of residual liver insufficiency made it difficult to perform one-off resection. Postoperative pathological examination revealed formation of multiple microvascular tumor thrombi. We performed ALPPS surgery which was subsequently combined with a targeted new drug (apatinib), eventually achieving good results. The main purpose of this study was to investigate the reasonable procedure of ALPPS in order to reduce postoperative complications and mortality, and to further improve the survival rate of patients undergoing ALPPS. 
This study was approved by the ethic committee of Xiangya Hospital, Central South University and the patient has consented to the submission of the case report. 

CASE PRESENTATION
Chief complaints
A 47-year-old male patient was admitted to the Department of Hepatobiliary and Pancreatic Surgery of Xiangya Hospital of Central South University in November 2016 due to right upper abdominal pain that lasted for one week.

History of present illness
He felt paroxysmal dull pain in his right upper abdomen for one week without fever, jaundice, or other symptoms.

History of past illness
He had a 10-year long history of hepatitis B that was not treated systematically, and a 10-year long history of gout. 

Personal and family history
His brother had a history of hepatitis B, but his parents’ histories of hepatitis B were not clear. 

Physical examination upon admission
Physical examination revealed clear mind, moderate nutrition, and no yellow stains in the skin and sclera; no swollen lymph nodes; the abdomen was soft, and the liver and spleen were not palpable under the ribs with tapping pain in the liver area; there was no edema in lower limbs. 

Laboratory examinations
Laboratory tests indicated the following: AFP 25.82 ng/mL; TBIL 19.2 μmol/L, DBIL 8.5 μmol/L, ALB 42.1 g/L, ALT 158.6 U/L, AST 231.6 U/L; HBsAg (+), HBcAb(+), HBV DNA 7.89E+04. Routine blood tests, routine urine tests, routine fecal tests, the renal and coagulation functions were all normal. Preoperative evaluation was performed, which revealed an indocyanine green (ICG) retention rate at 15 min (ICG15) of 6.9% and Child-Pugh grade A liver function.

Imaging examinations
Ultrasonography and hepatic contrast-enhanced computed tomography (CT) showed cirrhosis, splenomegaly, portal hypertension, and a solid mass about 135 mm × 124 mm close to the first and second hepatic hilum, commonly observed in massive HCC (Figure 1). 

FINAL DIAGNOSIS
The final diagnosis of the presented case was primary HCC due to hepatitis B.

TREATMENT
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12][bookmark: OLE_LINK11]According to CT imaging, 3D modeling revealed that residual liver volume/effective liver volume was 37.6%. Considering that the patient had large HCC that required right hemi-hepatectomy, and that hepatitis virus replication was in active phase and the patient had liver cirrhosis and mild damage of liver function, we performed ALPPS. The first step of ALPPS, i.e., laparoscopic ligation of the right branch of portal vein and separation of the left and right liver, was performed after one week of treatment with magnesium isoglycyrrhizinate and entecavir. Briefly, a significant transaminase increase and albumin decrease were observed after the operation (Figure 2A). At the same time, the patient developed hepatorenal syndrome caused by oliguria, ascites, and renal dysfunction (Figure 2B). The validity of the ALPPS procedure was further confirmed by postoperative deterioration of liver function. The symptoms of ascites and oliguria were obviously improved after liver protection, diuresis, and albumin supplement, and the liver and kidney functions were close to normal. The indicators of liver and kidney function after operation are shown in Figure 2.
The liver volume increased rapidly after the first step of ALPPS. The residual liver volume/effective liver volume was 48.2% on the 9th day and 58.7% on the 16th day (Table 1 and Figure 3).
The second step of ALPPS, i.e., right hepatectomy, was performed under general anesthesia on the 16th day after the first step of ALPPS. The patient was discharged on the 10th day after the operation.
Postoperative pathological examination showed that high-grade differentiated HCC was found with more than five clear microvascular tumor thrombi adjacent to the tumor, and no tumor cells were found at the incisal margin (Figures 4 and 5).
After operation, the patient was treated with apatinib (500 mg daily) and oral administration of entecavir was continued. Mild hand-foot skin reaction and hypertension occurred during oral administration. The symptoms were improved after symptomatic treatment. 

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK18][bookmark: OLE_LINK17]After discharge, the patient was regularly reexamined and returned to our hospital every 3 mo for systemic CT, AFP, second liver two half-and-half test, HBV DNA, liver and kidney function, blood routine test, and other related examinations. The latest follow-up time was August 2018. CT examination at the latest follow-up showed no recurrence or metastasis at 20 mo (Figure 6). The level of AFP was 5.48 ng/mL, which was significantly lower compared to 25.82 ng/mL, preoperatively. 

DISCUSSION
There are three main reasons why HCC cannot be treated by resection: (1) patient’s general condition is such that he/she cannot tolerate surgery, especially due to liver condition; (2) presence of extrahepatic metastasis; and (3) the volume of residual liver is insufficient. Japanese scholars advocate the use of portal vein embolization (PVE) to solve this problem, but residual liver volume growth is slower after PVE than ALPPS. The average interval between two resections is 28 d, and 20%-50% of patients cannot reach the standard of total resection[7-9]. From January 2015 to December 2017, 20 patients underwent ALPPS at our center. The average interval between the two steps was 14 d, and only two patients did not reach the ideal volume without total radical surgery. Currently, the feasibility of ALPPS for giant HCC remains controversial. The main focus is on postoperative liver failure, complications, and mortality, whose incidence rates are significantly higher than those of TACE + PVE. A multicenter retrospective study has found that the postoperative mortality rates of ALPPS and PVE are 15% and 6%, respectively. The mortality rates in the ALPPS group are significantly higher than those in PVE group[10]. However, 20 cases of ALPPS were performed at our center with no mortalities at 90 d after operation. Preoperative estimations of residual liver volume, ICG retention test, and Child-Pugh grading combined with 3D modeling provided accurate assessment for HCC resection, minimized the risk of operation, improved the resection rate, and significantly reduced the occurrence of postoperative complications. Thus, ALPPS is a safe treatment for patients with HCC who cannot be resected in one operation. From our experience, the best candidates were patients with Child-Pugh grade A, ICG15 < 10%, residual liver volume/effective liver volume > 40% with mild liver damage or liver cirrhosis, or residual liver volume/effective liver volume > 30% with normal liver for surgery. Although there is a lack of multicenter randomized trial data on ALPPS, current studies have successfully demonstrated the feasibility of ALPPS in the treatment of HCC.
As we all know, patients undergoing ALPPS are mostly large HCC or multiple HCC patients. Pawlik's study has shown that the occurrence of microvascular invasion (MVI) is positively correlated with tumor size. MVI rates were 25%, 40%, 55%, and 63% in patients with tumor diameter < 3 cm, 3.1-5 cm, 5.1-6.5 cm, and > 6.5 cm, respectively (P < 0.005). The size and quantity of HCC were important predictors of MVI[11]. Meanwhile, MVI was also closely related to poor prognosis (including high recurrence rate and low long-term survival rate) in HCC patients. Sumie et al[12] have classified the patients into MVI-free group, mild MVI group (1-5), and severe MVI group (>5) according to the number of MVI. The results showed that the higher the classification, the shorter the disease-specific relapse-free survival. Patients with HCC undergoing ALPPS are at high risk for MVI, so it is necessary to treat them with systemic therapy. In the present study, pathological examination of the patient showed that there were more than five distinct microvascular invasions around the tumor. For the high-risk recurrence factors, we used targeted therapy after operation. The drug of our choice was apatinib (500 mg/d). Apatinib is a direct multi-target RTK blocker for HCC, which effectively inhibits the activity, proliferation, and metastasis of tumor cells and promotes the apoptosis of cells[13]. Its price is relatively cheap, and a number of clinical studies have confirmed its safety and efficacy in the treatment of HCC[14-17]. Mild hand-foot skin reaction and hypertension occurred in the course of oral administration, which were improved after symptomatic treatment. The patient’s 20-mo tumor-free survival confirmed that apatinib associated with ALPPS resection greatly prolonged the survival of the HCC patient who could not have the tumor resected at one time and who had a vascular tumor thrombus. The patient had greatly benefited from this treatment, compared with patients with advanced HCC whose survival period was less than 10 mo.

CONCLUSION
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Based on this case and from our experience with ALPPS, ALPPS is an effective treatment for patients with HCC. Preoperative evaluation was based on the patient's general condition, Child classification of liver function, calculation of residual volume/effective volume of liver, and ICG retention test. The mortality rate was significantly reduced, and combination with systemic therapy, such as targeted therapy, is expected to prolong the survival of patients. Apatinib has shown good results in the treatment of HCC. In view of the huge number of patients with advanced HCC in China, future studies should further expand the sample size to demonstrate its efficacy that would benefit more patients.
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Figure 1 Preoperative computed tomography images and 3D reconstruction. A and B: Computed tomography (CT) transverse (A) and coronal (B) images before operation; C: 3D image showing the relationship between tumor, blood vessels, and the bile ducts; D: 3D image (red color for residual liver, gray color for tumor).
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Figure 2 Changes of laboratory examinations after operation. A: Postoperative changes of transaminase (green line: ALT; yellow line: AST); B: Postoperative changes of renal function (green line: creatinine; yellow line: urea nitrogen); C: Postoperative albumin changes. ALT: Alanine transaminase; AST: Aspartate transaminase.
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Figure 3 Postoperative computed tomography images. A and B: Computed tomography (CT) transverse (A) and coronal (B) images on the 9th day after operation; C and D: CT transverse (C) and coronal (D) images on the 16th day after operation.
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Figure 4 Postoperative liver specimen.
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Figure 5 Pathological picture. The arrow in the picture shows a clear microvascular tumor thrombus.
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Figure 6 Twenty-month follow-up computed tomography images indicating no recurrence of tumor. A and B: Computed tomography (CT) transverse (A) and coronal (B) images obtained in August 2018.
[bookmark: _GoBack]

Table 1 Changes of liver volume before and after operation
	Time
	Estimated residual liver volume

	Pre-operation
	37.6%

	9 d after operation
	48.2%

	16 d after operation
	58.7%




ALT	
1 day after operation	3 day	5 day	7 day	10 day	2 weeks	832.2	911.1	368.5	162.30000000000001	97.6	71.5	AST	1 day after operation	3 day	5 day	7 day	10 day	2 weeks	1308.8	1170.7	248.8	162.5	108.6	104.5	
ALT,AST



Urea nitrogen	
1 day after operation	3 day	5 day	7 day	10 day	2 weeks	4.8899999999999997	11.56	13.95	10.28	8.57	5.0199999999999996	Creatinine	1 day after operation	3 day	5 day	7 day	10 day	2 weeks	120	214	202	179.4	160	104.5	
Creatinine,Urea nitrogen



Albumin	
1 day after operation	3 day	5 day	7 day	10 day	2 weeks	29.5	27	29.2	31.6	34.200000000000003	32.700000000000003	
Albumin
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