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Abstract
BACKGROUND
Hepatocellular carcinoma is an aggressive tumor, and its latency and lack of clinical symptoms mean that most patients are already in the late stage when diagnosed. Large tumor volume and metastasis are the main reasons for not attempting surgery. Portal vein embolization and associated liver partition and portal vein ligation for staged hepatectomy are commonly used in clinical practice to increase the volume of remnant liver to allow surgical resection; however, research in this area is currently lacking.

CASE SUMMARY
A 48-year-old male patient with a history of viral hepatitis B for at least 30 years attended our center with a hepatic space-occupying lesion detected 3 d previously. Enhanced computed tomography scanning of the upper abdomen revealed a large mass in the right lobe of the liver, centered on the right posterior lobe, with the larger section measuring about 14 cm × 10 cm × 14 cm. He successfully underwent conversion therapy for a large right liver tumor after combined hepatic artery ligation and transcatheter arterial chemoembolization, and finally had an opportunity to undergo right hemi-hepatectomy and cholecystectomy. He remained asymptomatic with no obvious abnormalities on computed tomography scanning review at 2 mo after surgery.

CONCLUSION
This case highlights new ideas and provides a reference for conversion therapy of large liver tumors.
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Core Tip: Portal vein embolization associated liver partition and portal vein ligation for staged hepatectomy (ALPPS), and transcatheter arterial chemoembolization (TACE) are commonly used in conversion therapy of advanced liver cancer. However, the therapeutic effects of portal vein embolization and TACE are limited, and associating liver partition and portal vein ligation for staged hepatectomy is associated with high morbidity and mortality. We therefore combined hepatic artery ligation with TACE, which has a longer treatment cycle and slower compensation of the contralateral liver compared with the above treatments but which may make R0 resection feasible with less surgical complications and with good postoperative recovery.


INTRODUCTION
Hepatocellular carcinoma (HCC) is an aggressive tumor, and its latent nature, together with the lack of obvious clinical symptoms means that most patients are already in the late stage of the disease when they are diagnosed. In these cases, the tumor may already be large and/or be accompanied by metastasis and invasion, leading to a mean survival time as short as 10 mo[1]. In patients with large liver tumors, insufficient remnant liver after surgery is one of the main reasons for not attempting surgery. Portal vein embolization (PVE)[2] and associated liver partition and portal vein ligation for staged hepatectomy (ALPPS)[3] are currently commonly used clinical procedures for increasing the volume of the remnant liver sufficiently to allow surgical resection. However, research in this area is still lacking. We report a case that highlights new ideas and references for conversion therapy of large liver tumors.

CASE PRESENTATION
Chief complaints
A 48-year-old man attended our center with a hepatic space-occupying lesion detected 3 d previously.

History of present illness
The patient was found to have a hepatic space-occupying lesion detected by regular abdominal color Doppler ultrasound, with abdominal distension as the only manifestation.

History of past illness
The patient had a history of viral hepatitis B for at least 30 years and had never received antiviral therapy.

Personal and family history
No specific personal and family history.

Physical examination
No obvious abnormal physical signs.

Laboratory examinations
Initial laboratory examinations: The patient’s alfa-fetoprotein (AFP) level was 5789.0 ng/mL. Blood analysis, blood biochemical parameters, prothrombin and partial thromboplastin times, d-dimers, arterial blood gas, and electrocardiogram were all normal.
At 93 d after the initial operation: AFP had reduced to 3119.0 ng/mL, and the indocyanine green 15-minute clearance rate was 4.0%.
At 2 mo after the initial operation: AFP was 9.2 ng/mL.

Imaging examinations
Pre-operative examination: Enhanced computed tomography (CT) scanning of the upper abdomen revealed a large mass in the right lobe of the liver, centered on the right posterior lobe, with the larger section measuring about 14 cm × 10 cm × 14 cm. The right hepatic vein mostly ran along the edge of the lesion, and the right hepatic vein and right portal vein were affected by pressure (Figure 1). The total liver volume was 3103.959 cm³, and the left hemi-liver volume was 662.376 cm³.
At 53 d after the initial operation: Repeat enhanced CT scanning of the upper abdomen showed no significant changes in the patient’s left or right liver (Figure 2), with a total liver volume of 3002.174 cm³ and a left liver volume of 846.648 cm³. CT angiography indicated that the tumor was mainly supplied with blood via the middle hepatic artery, with a smaller contribution from the left hepatic artery.
At 93 d after the initial operation: Repeat enhanced CT scan of the upper abdomen revealed a large soft tissue mass in the right lobe of the liver, with dot-like or sheet-like high-density shadows, slightly smaller than previously. Other imaging findings were similar to previously (Figure 3). The total liver volume was 2526.944 cm³ and the left liver volume was 780.415 cm³.
At 2 mo after the initial operation: Enhanced CT of the upper abdomen revealed a small amount of fluid in the operation area and no obvious abnormalities (Figure 4).

Pathological examinations
At 98 d after the first stage of surgery: Postoperative pathological examination revealed a moderately differentiated HCC with extensive necrosis, microvascular invasion grade M0, and the surrounding liver tissue with chronic hepatitis, G2S3.

FINAL DIAGNOSIS
The final diagnosis of the presented case was moderately differentiated HCC.

TREATMENT
The patient was Child-Pugh grade A. Considering that the left hepatic volume was only 21.34% of the total liver volume, we planned liver partition and portal vein ligation to prepare for hepatectomy. However, it was difficult to expose the portal vein during surgery, resulting in bleeding, and intraoperative ultrasound detected suspicious lesions in the left liver, resulting in a switch to liver partition and right hepatic artery ligation. The patient developed Dindo-Clavien grade I complications after surgery and was discharged from hospital awaiting review.
The patient returned to our center 53 d after his initial operation for reexamination. The volume of the left liver did not increase as expected. We therefore performed transcatheter arterial chemoembolization (TACE) 56 d after the first operation to limit the progression of the tumor. Intraoperative angiography showed that the right hepatic artery was ligated, and the right liver tumor was mainly supplied by the middle hepatic artery and to a lesser extent by the left hepatic artery via the collateral circulation (Figure 5A). He was treated with fluorouracil 750 mg + oxaliplatin 150 mg + pirarubicin 30 mg administered as a slow bolus, followed by iodized poppy seed oil and microspheres to embolize the branches of the middle and left hepatic arteries, respectively (Figure 5B). The patient recovered well and was discharged to await further review.
CT scans at 93 d after the first stage of surgery indicated that the left liver volume had increased to 30.88% of the total liver volume. The patient was still Child-Pugh grade A. He therefore underwent right hemi-hepatectomy and cholecystectomy 98 d after the first stage of surgery (Figure 6A-C).

OUTCOME AND FOLLOW-UP
The patient had a relatively uneventful postoperative clinical course. Dindo-Clavien grade I-II complications occurred after surgery, and he was discharged 113 d after the primary operation. The patient returned to the hospital for review 2 mo later. He was asymptomatic, and enhanced CT of the upper abdomen found no obvious abnormalities. The patient remained satisfied with the results and continued to be reviewed at our center as planned.

DISCUSSION
Conversion therapy of HCC is a recent area of interest. TACE involves injecting chemotherapeutic drugs and embolic agents into the tumor-supplying blood vessels via the hepatic artery to cause tumor necrosis. It is the first-choice standard non-surgical treatment for liver cancer and can effectively control tumor progression and increase the opportunities for liver resection and transplantation[4]. The problem of insufficient remnant liver volume can be addressed in several ways, including PVE, portal vein ligation (PVL), and ALPPS, which aim to limit the growth of the liver tumor on the affected side whilst enabling the healthy side of the liver to obtain sufficient portal vein blood flow and nutrients, reducing the volume of the affected-side liver and tumor, increasing the remnant liver volume after surgery, and improving the surgical resection rate and safety.
ALPPS was initially used in patients with liver metastases from colon cancer and has since been increasingly used for treating liver cancer. It provides a reasonable chance of complete resection for patients with initially unresectable primary liver tumors[5]. As a surgical technique, ALPPS can cause liver hypertrophy on the contralateral side in a shorter period of time compared with PVE or PVL. During this period, the patient’s condition progresses less, and more than 90% of patients can undergo secondary radical hepatectomy[6-8]. However, ALPPS is associated with high morbidity and mortality[9]. The procedure has thus not been widely used for the treatment of HCC, and further studies are needed to assess its safety relative to PVE[8].
PVE and PVL involve blocking the branches of the affected hepatic portal vein through surgery and intervention, respectively. Previous studies[10] found no significant difference in safety and future liver remnant hypertrophy rate between PVE and PVL, while its minimally invasive nature suggests that PVE should be considered the preferred strategy. Because PVL is often implemented in ALPPS, the current literature mostly compares the advantages and disadvantages of PVE and ALPPS. In a comparison between ALPPS and PVE, the ALPPS group had a greater increase in future liver remnant and a higher completion rate of second-stage surgery, but PVE had lower morbidity and mortality rates after the second stage[11].
TACE utilizes the characteristics of liver cancer, including nourishment mainly by the hepatic artery. The injection of embolic agents such as iodized oil, microspheres, and chemotherapeutics, such as cisplatin and fluorouracil, via the hepatic artery leads to necrosis of liver cancer tissues, thereby allowing some tumors to be downgraded sufficiently to allow radical resection. The possibility of surgery has greatly improved the prognosis of patients with advanced liver cancer, and it has been widely used for the treatment of these patients. However, issues such as the choice of indications and number of preoperative TACE procedures require more evidence.
As one of the main blood vessels of the liver, the hepatic artery accounts for 50% of the liver’s oxygen supply, with an average of 25% of the hepatic blood flow. Unlike many other organs, the blood supply to normal liver cells is mainly via venous blood distributed by the branches of the portal vein, with only 10%-35% of the blood supply of normal liver cells provided by the hepatic artery. However, malignant cells in the liver are mainly supplied by the branches of the hepatic artery, and the number of arteries around liver tumor tissues is three to four times higher than the number of veins[12]. We therefore suggest that even blocking only the hepatic artery supplying blood to the affected side of the liver tumor during surgery can achieve good results in terms of restricting tumor growth and, to a certain extent, restricting the growth of the affected side of the liver. Compared with ALPPS and PVE conversion therapies, the current treatment strategy can produce satisfactory results with relatively minor surgery. The degree of one-stage surgery required is much less than that with ALPPS, by only dissecting and ligating the branch of the hepatic artery that supplies blood to the tumor, without breaking the liver. Experienced surgeons can even complete the operation laparoscopically, potentially reducing the likelihood of postoperative liver failure[13] and improving the chances of a smooth recovery after the first-stage operation. Even though hepatic artery ligation combined with TACE may have less effect on the tumor than ALPPS, its effect is better than that of PVE alone. The effect of this strategy in terms of increasing residual liver volume is not obvious, compared with ALPPS and PVE. However, despite the current lack of evidence, the strategy warrants further research in terms of surgical operability and safety, especially when combined with TACE to re-embolize the tumor blood vessel branch.
Notably, although the current minimally invasive surgical technique has been applied to patients with Child-Pugh grade B liver cancer with good results[13,14], we do not recommend its implementation in patients with liver cancer of Child-Pugh grade B or below. The risk of postoperative liver failure remains high in patients with advanced giant liver tumors and liver decompensation, even if second-stage TACE is not considered immediately and only minimally invasive surgery is used to ligate the hepatic artery. In addition, the benefits of TACE in patients with Child-Pugh grade B remain controversial[15]. As for ALPPS, the current conversion treatment plan is thus currently only reproducible in patients with huge liver tumors, whose liver function is sufficient to compensate.

CONCLUSION
After first-stage liver partition and right hepatic artery ligation combined with second-stage TACE, the proportion of the current patient’s left liver volume to total liver volume increased from 21.34% to 30.88%. Liver tumor R0 resection was then completed in the third stage, with no surgical complications and good postoperative recovery. The treatment was therefore considered to be relatively successful. However, the long treatment cycle and slow compensation of the contralateral liver still represent shortcomings compared with ALPPS and PVE. In addition, the unplanned nature of the first-stage operation means that this treatment still lacks good repeatability and evaluability. Nevertheless, the successful treatment of this patient demonstrated the effective, safe, and operable characteristics and suggests that this strategy might help provide a solution to the problem of insufficient residual liver volume after surgery and a reference for future treatment strategies.
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Figure Legends
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Figure 1 Pre-operative enhanced computed tomography scan of the upper abdomen. A large mass in the right lobe of the liver, centered on the right posterior lobe, with the larger section measuring about 14 cm × 10 cm × 14 cm. The right hepatic vein mostly ran along the edge of the lesion, and the right hepatic vein and right portal vein were affected by pressure.
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Figure 2 At 53 d after the initial operation. No significant changes in patient’s left or right liver.
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Figure 3 At 93 d after the initial operation. A large soft tissue mass in the right lobe of the liver, with dot-like or sheet-like high-density shadows, slightly smaller than previously. Other imaging findings were similar to before.
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Figure 4 At 2 mo after the initial operation. A small amount of fluid in the operation area and no obvious abnormalities.
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Figure 5 Hepatic angiography before and after intervention. A: The right hepatic artery was ligated, and the right liver tumor was mainly supplied by the middle hepatic artery and to a lesser extent by the left hepatic artery via the collateral circulation; B: The tumor-supplying branches of the middle and left hepatic arteries were embolized.
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Figure 6 Postoperative right liver and right liver tumor specimens. A: Incisal margin view; B: Left side view; C: Diaphragmatic face view.
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