Name of Journal: World Journal of Gastrointestinal Surgery
Manuscript NO: 66465
Manuscript Type: ORIGINAL ARTICLE

Retrospective Study
Outcomes of reduction hepatectomy combined with postoperative multidisciplinary therapy for advanced hepatocellular carcinoma

Asahi Y et al. Reduction hepatectomy for advanced hepatocellular carcinoma

Yoh Asahi, Toshiya Kamiyama, Tatsuhiko Kakisaka, Tatsuya Orimo, Shingo Shimada, Akihisa Nagatsu, Takeshi Aiyama, Yuzuru Sakamoto, Hirofumi Kamachi, Akinobu Taketomi

Yoh Asahi, Toshiya Kamiyama, Tatsuhiko Kakisaka, Tatsuya Orimo, Shingo Shimada, Akihisa Nagatsu, Takeshi Aiyama, Yuzuru Sakamoto, Hirofumi Kamachi, Akinobu Taketomi, Department of Gastroenterological Surgery I, Hokkaido University Graduate School of Medicine, Sapporo 060-8638, Hokkaido, Japan

Author contributions: Asahi Y analyzed and interpreted the patient data, was involved in the data acquisition, made substantial contributions to the study conception and design, and was a major contributor during the writing of the manuscript; Kamiyama T participated in drafting and critically revising the article; Kakisaka T, Orimo T, Shimada S, Nagatsu A, Aiyama T, Sakamoto Y and Kamachi H revised the draft manuscript by adding intellectual insights and providing critical advice; Taketomi A provided critical comments to improve the manuscript and gave final approval for its submission; all of the authors have read and approved the final manuscript.

Corresponding author: Yoh Asahi, MD, PhD, Surgeon, Department of Gastroenterological Surgery I, Hokkaido University Graduate School of Medicine, Kita-ku, Kita 15, Nishi 7, Sapporo 060-8638, Hokkaido, Japan. yoh-hibana@yk2.so-net.ne.jp

Received: April 19, 2021
Revised: August 21, 2021
Accepted: September 14, 2021
Published online: October 27, 2021



Abstract
BACKGROUND
The prognosis of advanced hepatocellular carcinoma (HCC) that is not indicated for curative hepatectomy remains poor, despite advances in the treatment of HCC, including the development of tyrosine kinase inhibitors (TKIs). The outcomes of reduction hepatectomy and multidisciplinary postoperative treatment for advanced HCC that is not indicated for curative hepatectomy, including those of recently treated cases, should be investigated.

AIM
To examine the outcomes of combination treatment with reduction hepatectomy and multidisciplinary postoperative treatment for advanced HCC that is not indicated for curative hepatectomy.

METHODS
Thirty cases of advanced HCC that were not indicated for curative hepatectomy, in which reduction hepatectomy was performed between 2000 and 2018 at the Department of Gastroenterological Surgery I, Hokkaido University Graduate School of Medicine, were divided into postoperative complete remission (POCR) (+) and POCR (-) groups, depending on whether POCR of all evaluable lesions was achieved through postoperative treatment. The cases in the POCR (-) group were subdivided into POCR (-) TKI (+) and POCR (-) TKI (-) groups, depending on whether TKIs were administered postoperatively.

RESULTS
The 5-year overall survival rate and mean survival time (MST) after reduction hepatectomy were 15.7% and 28.40 mo, respectively, for all cases; 37.5% and 56.55 mo, respectively, in the POCR (+) group; and 6.3% and 14.84 mo, respectively, in the POCR (-) group (P = 0.0041). Tumor size, major vascular invasion, and the number of tumors in the remnant liver after the reduction hepatectomy were also found to be related to survival outcomes. The number of tumors in the remnant liver was the only factor that differed significantly between the POCR (+) and POCR (-) groups, and POCR was achieved significantly more frequently when ≤ 3 tumors remained in the remnant liver (P = 0.0025). The MST was 33.52 mo in the POCR (-) TKI (+) group, which was superior to the MST of 10.74 mo seen in the POCR (-) TKI (-) group (P = 0.0473).

CONCLUSION
Reduction hepatectomy combined with multidisciplinary postoperative treatment for unresectable advanced HCC that was not indicated for curative hepatectomy was effective when POCR was achieved via multidisciplinary postoperative therapy. To achieve POCR, reduction hepatectomy should aim to ensure that ≤ 3 tumors remain in the remnant liver. Even in cases in which POCR is not achieved, combined treatment with reduction hepatectomy and multidisciplinary therapy can improve survival outcomes when TKIs are administered.
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Core Tip: This was a retrospective study examining the outcomes of combination treatment with reduction hepatectomy and multidisciplinary postoperative treatment for advanced hepatocellular carcinoma (HCC). When reduction hepatectomy is performed for unresectable advanced HCC that is not indicated for curative hepatectomy, achieving postoperative complete remission (POCR) via postoperative multidisciplinary therapy is the key to success, with the 5-year overall survival rate and mean survival time for the POCR (+) group being 37.5% and 56.55 mo, respectively. To achieve POCR, reduction hepatectomy should be performed with the aim of reducing the number of tumors in the remnant liver to ≤ 3. Even in cases in which POCR is not achieved, tyrosine kinase inhibitor treatment might improve the prognosis of advanced HCC after reduction hepatectomy.



INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant hepatic tumor, accounting for 85%-90% of primary malignant hepatic tumors[1]. Advanced HCC is defined as progressive malignant HCC, which is hard to treat in a single hepatectomy procedure[2,3]. This is one reason for the poor prognosis of advanced HCC because hepatectomy is an important curative option. In fact, it is more effective at achieving local control of advanced HCC than any other treatment[4]. Local ablation therapy (LAT), including radiofrequency ablation (RFA) and microwave coagulation therapy (MCT), can also result in long survival periods; however, LAT is designed to treat less advanced HCC than hepatectomy[5]. Other treatment options include transarterial infusion (TAI) therapies, such as transarterial chemoembolization (TACE) and intraarterial chemotherapy (IAC), and the systemic administration of tyrosine kinase inhibitors (TKIs); however, the outcomes of these treatments are unsatisfactory. For instance, the survival period after TKI treatment ranges from 10 to 11 mo for advanced HCC[6,7].
Postoperative multidisciplinary therapy for HCC can include additional surgery, LAT (RFA or MCT), TAI (TACE or IAC), and TKI treatment. A retrospective study reported mean survival times (MSTs) of 31.8 and 18.6 mo for Barcelona Clinic Liver Cancer (BCLC) stage B and C HCC after reduction hepatectomy followed by postoperative local therapy targeting the liver, such as additional hepatectomy, LAT, and TAI[8]. In another retrospective study, the prognosis of patients who exhibited remnant extrahepatic lesions after reduction hepatectomy was reported to be poor (3-year overall survival [OS] rate: 0%)[9]. However, the latter study only included 6 cases of HCC with extrahepatic lesions, and postoperative TKI treatment was not mentioned. Although there are various treatment options for HCC, there are few reports about reduction hepatectomy followed by multidisciplinary postoperative therapy for cases of advanced HCC that are not indicated for curative hepatectomy, and the utility of this treatment strategy should be evaluated.
In the present study, we evaluated the efficacy of combination treatment involving reduction hepatectomy followed by multidisciplinary therapy, including TKI treatment, for unresectable advanced HCC that was not indicated for curative hepatectomy.

MATERIALS AND METHODS
Patients 
Of 828 hepatectomies performed for HCC between 2000 and 2018 at our department, the clinical data for 30 patients who underwent reduction hepatectomy for BCLC stage B or C advanced HCC that was not indicated for curative hepatectomy were retrospectively analyzed. The preoperative investigations and hepatectomy were carried out according to the method described in our previous report[10]. Major vascular invasion, major portal vein invasion, and major hepatic vein invasion were found in 17, 15, and 2 cases, respectively. All 30 patients were preoperatively evaluated using 3-phase dynamic contrast-enhanced computed tomography (CT). The preoperative whole-liver volume and tumor volume, the estimated volume of the remnant liver, and the effective resection ratio of the liver were calculated preoperatively using a 3D workstation. Liver function was evaluated through blood tests, the indocyanine green retention rate at 15 min (ICGR15), and technetium-99m diethylenetriamine pentaacetic acid galactosyl human serum albumin (Tc-GSA) scintigraphy. HCC was considered to not be indicated for curative hepatectomy if resection of all of the evaluable lesions was not possible, or the predicted remnant liver volume after reduction hepatectomy was considered to be insufficient, according to the Hokkaido University algorithm for hepatic resection[10]. This algorithm indicates: (1) If the ICGR15 is < 15%, the effective resection ratio of the liver has to be < 60% for hemihepatectomy or extended hemihepatectomy to be performed; (2) If the ICGR15 ranges from 15% to 20%, sectionectomy can be performed; (3) If the ICGR15 ranges from 20% to 25%, segmentectomy can be performed; (4) If the ICGR15 ranges from 25% to 40%, a limited resection can be performed; and (5) If the ICGR15 is > 40%, hepatectomy is contraindicated. Reduction hepatectomy was performed for patients with unresectable advanced HCC that 1) were not indicated for curative hepatectomy, 2) were in a good general condition, and 3) were considered to be eligible for postoperative treatment, providing that it was considered that reduction hepatectomy of the main tumor would eliminate the most important poor prognostic factor (even if residual tumors remained in the liver), according to the Hokkaido University algorithm for hepatic resection. In all 30 cases, residual tumor (s) were present in the remnant liver after hepatectomy, and 3 patients had extrahepatic metastases (in the lungs in 2 cases and in the bone in 1 case). The pre- and postoperative treatments employed after the reduction hepatectomy, OS, prognostic factors for OS, and whether the postoperative treatments resulted in postoperative complete remission (POCR) of all evaluable lesions were also examined. POCR was considered to have been achieved when no evaluable lesions were detected during the imaging study performed to evaluate the effects of treatment.
This research was approved by the institutional review board of Hokkaido University Hospital (approval number: 019-0115), and all analyses of the clinical data were carried out according to the ethical guidelines of Hokkaido University.

Evaluation of POCR 
During the first 1 to 2 mo after treatment, imaging studies were performed with contrast-enhanced CT or gadolinium-ethoxybenzyl-diethylenetriaminepentaacetic acid-enhanced magnetic resonance imaging (EOB-MRI) to evaluate the effects of LAT or TAI treatment. All cases were divided into two groups, according to whether POCR was achieved at least once in the postoperative period. The cases in which POCR was achieved were included in the POCR (+) group, and those in which POCR was not achieved were included in the POCR (-) group.

Statistical analyses
Some clinical data were converted to categorical variables. Pearson’s chi-square test was used for the statistical analyses, except for variables with expected counts of ≤ 5, for which Fisher’s exact test was used instead. OS was calculated using the Kaplan-Meier method and compared between the groups using the Wilcoxon test in the univariate analyses. Two-sided p-values of < 0.05 were considered significant. All analyses were performed with the software JMP (JMP Pro, version 14; SAS Institute Inc., Cary, NC).

RESULTS
Clinicopathological characteristics 
Table 1 summarizes the clinical data for the 30 cases. The in-hospital and 90-day mortality data were excluded from Table 1 because no deaths occurred in hospital or within 90 days. The subjects’ mean age was 62.8 ± 11.8 years old (44-89 years old). The mean serum levels of alpha-fetoprotein (AFP), protein induced by vitamin K absence/antagonist-II (PIVKA-II), total bilirubin (T-Bil), and albumin (Alb) were 10228.33 ± 7287.26 ng/mL (35-217390), 52534.8 ± 22566.31 mAU/mL (17-664680), 0.88 ± 0.08 mg/dL (0.4-1.9), and 3.71 ± 0.08 g/dL (2.9-4.6), respectively; the mean prothrombin time (PT) was 90.19% ± 2.75% (69.8-115.8); and the mean ICGR15 was 17.34% ± 1.96% (2.6-43.8). The mean size of the largest tumor was 10.13 ± 1.02 cm (2.0-24.0). Anatomical hepatectomy was conducted in 27 cases, and non-anatomical hepatectomy (partial resection of the liver) was carried out in the remaining 3 cases. The median surgical time was 340 min (188-911), and the median amount of intraoperative blood loss was 690 mL (0-35820). The median follow-up time was 17.41 mo (1.02-111.04).

Peri-surgical treatment 
Table 2 summarizes the peri-surgical treatments, including both the preoperative and postoperative treatments, employed in the 30 cases. Preoperative treatment was performed in 6 cases. Postoperative treatment was employed in 28 cases. In one case, postoperative treatment was not employed, as the patient’s general condition deteriorated due to a postoperative cerebral infarction. In another case, clinical information was lacking after a follow-up period of 1.01 mo because the postoperative treatment was not performed at our institution. POCR was and was not achieved during the postoperative period in 8 cases [26.7%; POCR (+) group] and 22 cases [73.3%; POCR (-) group], respectively. POCR was achieved in the following cases: 1 of 1 cases that were treated with a second hepatectomy, partial lung resection, TAI therapy, and chemotherapy after the reduction hepatectomy; 1 of 1 cases that were treated with a second hepatectomy, TAI therapy, chemotherapy, and external beam radiotherapy (ERT) for palliative purposes after the reduction hepatectomy; 1 of 1 cases that were treated with partial lung resection, LAT, TAI therapy, chemotherapy, and ERT after the reduction hepatectomy; 2 of 2 cases that were treated with LAT and TAI therapy with/or without ERT after the reduction hepatectomy; 1 of 6 cases that were treated with TAI therapy and chemotherapy with/or without ERT after the reduction hepatectomy; and 2 of 9 cases that were treated with TAI therapy with/or without ERT after the reduction hepatectomy. All 6 patients that received postoperative TKI treatment were included in the POCR (-) group.

Prognostic factors for OS 
Among all 30 cases, the 1-year, 3-year, and 5-year OS rates after reduction hepatectomy were 72.4%, 31.3%, and 15.7%, respectively, and the MST after reduction hepatectomy was 28.40 mo. In the POCR (+) group, the 1-year, 3-year, and 5-year OS rates were 100%, 75.0%, and 37.5%, respectively, and the MST was 56.55 mo, whereas in the POCR (-) group the 1-year, 3-year, and 5-year OS rates were 61.9%, 12.6%, and 6.3%, respectively, and the MST was 14.84 mo (P = 0.0041, Figure 1). Univariate analyses revealed significant intergroup differences in the Child-Pugh class (P < 0.0001), tumor size (P = 0.0485), the frequency of major vascular invasion (P = 0.0053), the number of tumors in the remnant liver (P = 0.0283), and the frequency of POCR (P = 0.0041) (Table 3).

Comparison between the POCR (+) and POCR (-) groups 
The clinical data for the POCR (+) and POCR (-) groups are shown in Table 4. Only the number of tumors in the remnant liver exhibited significant intergroup differences. The proportion of cases in which ≤ 3 tumors were seen in the remnant liver was higher in the POCR (+) group than in the POCR (-) group (P = 0.0025).
The cases in the POCR (-) group were subdivided into two groups according to whether postoperative TKI treatment was administered. Cases involving TKI treatment were included in the POCR (-) TKI (+) group, and those that did not involve TKI treatment were included in the POCR (-) TKI (-) group. In the POCR (-) TKI (+) group, the 1-year, 3-year, and 5-year OS rates after reduction hepatectomy were 100%, 31.3%, and 0%, respectively, and the MST was 33.52 mo, whereas in the POCR (-) TKI (-) group the 1-year, 3-year, and 5-year OS rates after reduction hepatectomy were 46.7%, 6.7%, and 6.7%, respectively, and the MST was 10.74 mo (P = 0.0473, Figure 2). There were no significant differences between the clinicopathological data of the POCR (-) TKI (+) and POCR (-) TKI (-) groups (Table 5).
DISCUSSION
In the present study, the survival rate of the POCR (+) group was better than that of the POCR (-) group (P = 0.0041), suggesting that achieving POCR after reduction hepatectomy could have an important impact on survival in patients with advanced HCC that is not indicated for curative hepatectomy. Moreover, even in the cases in which POCR was not achieved the administration of TKIs resulted in an improvement in survival outcomes; i.e., the survival rate of the POCR (-) TKI (+) group was better than that of the POCR (-) TKI (-) group (P = 0.0473). Thus, reduction hepatectomy could be effective against advanced HCC that is not indicated for curative hepatectomy, especially when POCR is achieved via postoperative multidisciplinary therapy. Even in cases in which POCR is not achieved, the administration of TKIs should be considered in the postoperative period. 
In ovarian carcinoma, the maximal resection of any primary or metastatic carcinoma followed by postoperative chemotherapy has become the standard treatment strategy[11]. However, there are only a limited number of reports about reduction hepatectomy for HCC[9,12-14]. In the latter studies, it was reported that the OS rate after reduction hepatectomy for HCC ranged from 52%-67.7% at 1 year, from 20.0-40.6% at 3 years, and from 10%-21.7% at 5 years[9,13,14]. As different patients were selected and different treatment options were employed in different eras, it is hard to simply compare OS rates, although the OS rates described in previous reports were similar to those obtained in the present study. 
The potential prognostic factors identified in the univariate analyses in the current study were the Child-Pugh class, tumor size, major vascular invasion, the number of tumors in the remnant liver, and whether POCR was achieved. The Child-Pugh class was the only independent prognostic factor that exhibited significance in the multivariate analysis (data not shown). However, we decided to focus on POCR, as it can be set as an aim of multidisciplinary therapy after reduction hepatectomy. 
Achieving POCR using postoperative multidisciplinary treatment had an important impact on survival in the current cases. When the cases were limited to those in which POCR was achieved, the 1-year, 3-year, and 5-year OS rates after reduction hepatectomy were 100%, 75.0%, and 37.5%, respectively, and the MST was 56.55 mo. This suggests that reduction hepatectomy followed by postoperative treatment that aims to achieve POCR could be an effective treatment strategy for advanced HCC that is not indicated for curative hepatectomy. 
The postoperative treatments employed after reduction surgery for HCC are different from those used to treat other malignancies. Firstly, the recovery of the remnant liver after hepatectomy enables further treatment for tumors in the remnant liver, which is considered to affect prognosis in most cases of HCC[15]. In fact, tumors were detected in the remnant liver after reduction hepatectomy in all of the present cases, but extrahepatic metastases were only detected in 3 cases. Secondly, there are established additional non-surgical treatments for HCC localized in the liver, such as LAT and TAI therapy. RFA is indicated for cases of HCC involving ≤ 3 tumors and a maximum tumor size of ≤ 3 cm and is sometimes employed as an alternative to hepatectomy[5]. TACE is indicated for cases of unresectable HCC involving large or multifocal tumors without major vascular invasion or extrahepatic metastases[5]. R0 resection is the first-choice treatment for some advanced malignancies, even in cases involving distant metastasis. For distant metastases from HCC, there are not enough data supporting the validity of this approach, and the efficacy of surgical resection for lung metastases[16,17], adrenal gland metastases[18], and brain metastases[19] is disputed. 
In the present study, the number of tumors in the remnant liver after reduction hepatectomy was the only factor that differed significantly between the POCR (+) and POCR (-) groups. This indicates that it is important that reduction hepatectomy is performed with the aim of reducing the number of tumors in the remnant liver to ≤ 3, which agrees with the conclusion of the study by Hai et al[9]. According to the present study, POCR might not need to be achieved via surgery alone, and even patients in whom POCR is achieved using LAT or TAI therapy can be good candidates for reduction surgery. Furthermore, the findings of the current study suggest that some patients would benefit from reduction hepatectomy even if POCR is not achieved. Patients that are likely to benefit from TKI treatment can also be good candidates for reduction hepatectomy.
In the current study, there were only 6 cases in which TKIs were orally administered. Two reasons are considered as possible explanations for the low frequency of TKI treatment. The first is the small number of cases included in the present study; i.e., only 30. Second, the treatment options for HCC changed during the study period. The most important change was the introduction of TKIs as a treatment option. Sorafenib, a TKI, was reported to improve the prognosis of HCC in 2008[20], and it started to be used in the clinical setting in Japan in 2009. Moreover, lenvatinib, another TKI, was reported to be non-inferior to sorafenib in the REFLECT trial in 2018[6]. In the present study, TKIs were only administered in the cases in which POCR was not achieved. This might have been due to the fact that TKIs were mainly administered when surgery, LAT, and TAI therapy were not indicated; i.e., TKIs were used when the abovementioned treatments were not expected to be effective. The MST of the POCR (-) TKI (+) group was 33.52 mo, which is superior to the outcomes described in other studies in which unresectable HCC was treated with TKIs alone[6,20].
Some cases that were successfully converted to downstaging hepatectomy after the preoperative administration of the TKIs sorafenib and lenvatinib have been reported[21-23]. Although these cases were successfully treated with conversion hepatectomy, the actual conversion rate due to the downstaging effects of TKIs remains unknown, and the response rate of HCC to TKI therapy (a complete response rate of 2% and a partial response rate of 38% can be achieved with lenvatinib[6]) is still insufficient to enable TKIs to be used for downstaging purposes as part of the standard treatment strategy for advanced HCC. 
This study had several limitations. The first is the inevitable selection bias caused by the study’s retrospective and single-center design, although one of the most important processes in reduction hepatectomy for advanced HCC that is not indicated for curative hepatectomy is the selection of cases that would benefit from such treatment. Two of the inclusion criteria for reduction hepatectomy for advanced HCC employed in the present study were similar to criteria reported by Komatsu et al[8]. The first was that it must be considered that reduction hepatectomy of the main tumor would eliminate the most important poor prognostic factor, and the second was that the patient’s condition must be good enough to make them eligible for postoperative treatment. In the study by Komatsu et al[8], postoperative local treatment produced an obvious survival benefit. Surgical safety also has an important impact on whether postoperative multidisciplinary treatment can be performed. In the present study, postoperative treatment could not be performed in one case due to the deterioration of the patient’s general condition because of a postsurgical complication. At the same time, the safety of surgery should be considered to be the most important factor from an ethical viewpoint. There were no surgery-related deaths in the present study. Other limitations of this study include the small number of cases and the short follow-up periods in some of the cases. Another limitation of the present study was the small number of cases it included; therefore, a study involving more cases from multiple institutions should be performed in the future.

CONCLUSION
When reduction hepatectomy is performed for unresectable advanced HCC that is not indicated for curative hepatectomy, achieving POCR via postoperative multidisciplinary therapy is the key to success, with the 5-year OS rate and MST for the POCR (+) group being 37.5% and 56.55 mo, respectively. To achieve POCR, reduction hepatectomy should be performed with the aim of reducing the number of tumors in the remnant liver to ≤ 3. Even in cases in which POCR is not achieved, TKI treatment might improve the prognosis of advanced HCC after reduction hepatectomy.

ARTICLE HIGHLIGHTS
Research background
Reduction hepatectomy combined with multidisciplinary postoperative treatment should be considered as a treatment option for unresectable advanced hepatocellular carcinoma (HCC) that is not indicated for curative hepatectomy. A well designed and/or larger cohort study is required to further evaluate this treatment strategy.

Research motivation
Reduction hepatectomy combined with multidisciplinary postoperative treatment for unresectable advanced HCC that was not indicated for curative hepatectomy was effective when postoperative complete remission (POCR) was achieved through multidisciplinary postoperative therapy. To achieve POCR, reduction hepatectomy should aim to ensure that ≤ 3 tumors remain in the remnant liver. In cases in which POCR is not achieved, tyrosine kinase inhibitors (TKIs). can improve survival outcomes when administered as part of postoperative multidisciplinary therapy after reduction hepatectomy.

Research objectives
The 5-year overall survival rate and mean survival time (MST) for all cases after reduction hepatectomy were 15.7% and 28.40 mo, respectively. POCR, tumor size, major vascular invasion, and the number of tumors in the remnant liver after the reduction hepatectomy were found to be related to survival outcomes. In the POCR (+) and POCR (-) groups, the MST was 56.55 mo and 14.84 mo, respectively (P = 0.0041). POCR was achieved significantly more frequently when ≤ 3 tumors remained in the remnant liver (P = 0.0025). The MST was 33.52 mo in the POCR (-) TKI (+) group, which was superior to the MST of 10.74 mo seen in the POCR (-) TKI (-) group (P = 0.0473).

Research methods
Thirty cases of advanced HCC, in which reduction hepatectomy was performed between 2000 and 2018 at the Department of Gastroenterological Surgery I, Hokkaido University Graduate School of Medicine, were retrospectively investigated. These 30 cases were divided into two groups, the POCR (+) and POCR (-) groups, according to whether postoperative complete remission (POCR) of the evaluable lesions was achieved through postoperative treatment. Further analyses were performed after dividing the POCR (-) cases into two groups, the POCR (-) TKI (+) and POCR (-) TKI (-) groups, depending on whether TKIs were administered postoperatively.

Research results
To investigate the outcomes of combination treatment with reduction hepatectomy and multidisciplinary postoperative treatment for advanced HCC that is not indicated for curative hepatectomy.

Research conclusions
To date, few studies have evaluated combination treatment with reduction hepatectomy and multidisciplinary postoperative treatment for advanced HCC that is not indicated for curative hepatectomy.

Research perspectives
The prognosis of advanced HCC that is not indicated for curative hepatectomy remains poor, despite advances in the treatment of HCC including the development of tyrosine kinase inhibitors.
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Figure Legends
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Figure 1 The survival curves obtained after reduction hepatectomy. A: The survival curve for all 30 cases of unresectable advanced hepatocellular carcinoma after reduction hepatectomy; B: The survival curves of the postoperative complete remission (POCR) (+) (red line) and POCR (-) (blue line) groups after reduction hepatectomy. POCR: Postoperative complete remission of evaluable lesions induced by multidisciplinary treatment after reduction hepatectomy.
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Figure 2 The survival curves of the postoperative complete remission (-), tyrosine kinase inhibitors (TKIs) (+) and postoperative complete remission (-),tyrosine kinase inhibitors (-) groups after reduction hepatectomy. The cases in which postoperative complete remission (POCR) was not achieved despite tyrosine kinase inhibitors (TKIs) treatment being administered in the postoperative period were included in the POCR (-) TKI (+) group (green line). The cases in which POCR was not achieved and TKIs were not administered in the postoperative period were included in the POCR (-) TKI (-) group (gray line).

Table 1 Clinical and surgical data
	Clinical data
	
	
	Surgical data
	
	

	Age (yr) 
	62.8 ± 11.8
	
	Anatomical hepatectomy
	-
	3

	
	
	
	
	+
	27

	Sex
	Male
	28
	Operation time 
 (min) 
	340

	
	Female
	2
	
	

	HBV/HCV
	-
	6
	Blood loss 
 (mL) 
	690

	
	+
	24
	
	

	Alb (g/dL) 
	3.71 ± 0.08 
	
	Number of tumors in the remnant liver
	1-3
	12

	
	
	
	
	≥ 4
	18

	T-Bil (mg/dL) 
	0.88 ± 0.08
	
	POCR
	+
	8

	
	
	
	
	-
	22

	PT (%) 
	90.19 ± 2.75
	
	
	
	

	
	
	
	
	
	

	ICGR15 (%) 
	17.34 ± 1.96
	
	
	
	

	AFP (ng/mL) 
	102288 ± 7287
	
	
	
	

	PIVKA-II (AU/mL) 
	52534 ± 22566
	
	
	
	

	Child-pugh class
	A
	27
	
	
	

	
	B
	3
	
	
	

	Number of tumors
	St
	0
	
	
	

	
	Mt
	30
	
	
	

	Tumor size (cm) 
	10.13 ± 1.02 
	
	
	
	

	Differentiation
	Wel
	1
	
	
	

	
	Mod
	16
	
	
	

	
	Por
	13
	
	
	

	pN
	-
	28
	
	
	

	
	+
	2
	
	
	

	Macrovascular invasion
	-
	5
	
	
	

	
	+
	25
	
	
	

	BCLC stage
	B
	12
	
	
	

	
	C
	18
	
	
	

	Distant metastasis
	-
	27
	
	
	

	
	+
	3
	
	
	


PT: Prothrombin time; ICGR15: Indocyanine green retention rate at 15 min; AFP: Alpha-fetoprotein; PIVKA-II: Protein induced by vitamin K absence/antagonist-II; BCLC: Barcelona Clinic Liver Cancer.

Table 2 Peri-surgical treatment
	Preoperative treatment
	
	

	No treatment
	24
	

	TAI
	4
	

	TAI + ERT
	1
	

	TAI + TKI1 + ERT
	1
	

	Postoperative treatment
	Total
	POCR (+) 

	TAI + hepatectomy + lung resection + chemo
	1
	1

	Hepatectomy + chemo + TAI + ERT 
	1
	1

	Lung resection + LAT + TAI + chemo + ERT
	1
	1

	Lung resection + LAT
	1
	0

	Brain tumor resection + TAI + TKI2 + chemo + ERT 
	1
	0

	LAT + TAI + ERT
	2
	2

	TAI + TKI3 + chemo ( + ERT) 
	3
	0

	TAI + TKI4 
	2
	0

	TAI + chemo ( + ERT) 
	6
	1

	TAI ( + ERT) 
	9
	2

	ERT 
	1
	0

	No treatment 
	1
	0

	Unknown
	1
	0

	Total
	30
	8


1TKI: Sorafenib (n = 1).
2TKI: Sorafenib (n = 1).
3TKI: Sorafenib (n = 1), lenvatinib (n = 1), sorafenib + lenvatinib (n = 1).
4TKI: Sorafenib (n = 1), sorafenib + lenvatinib (n = 1). TAI: Transarterial infusion; ERT: External beam radiotherapy; TKI: Tyrosine kinase inhibitors; LAT: Local ablation therapy.


Table 3 Univariate analyses
	Clinicopathological data
	Surgical data

	
	Category
	n
	MST (m) 
	P value
	
	Category
	n
	MST (m) 
	P value

	Age (yr) 
	≥ 60
	18
	17.9
	0.9267
	Anatomical hepatectomy
	-
	3
	39.0
	0.2162

	
	< 60
	12
	29.7
	
	
	 + 
	27
	16.9
	

	Sex
	Male
	28
	17.9
	0.1584
	Operation time 
 (min) 
	< 340
	15
	28.4
	0.4177

	
	Female
	2
	-
	
	
	≥ 340
	15
	14.8
	

	HBV/HCV
	-
	6
	15.0
	0.2674
	Blood loss 
 (mL) 
	< 690
	15
	29.7
	0.6355

	
	 + 
	24
	29.7
	
	
	≥ 690
	15
	16.4
	

	Alb (g/dL) 
	≥ 3.7
	15
	33.5
	0.3444
	Number of tumors 
in the remnant liver
	1-3
	12
	56.5
	0.0283a

	
	< 3.7
	15
	17.4
	
	
	≥ 4
	18
	14.8
	

	T-Bil (mg/dL) 
	≤ 0.8
	19
	28.4
	0.5131
	POCR
	 + 
	8
	56.6
	0.0041a

	
	> 0.8
	11
	16.5
	
	
	-
	22
	14.8
	

	PT (%) 
	≥ 90
	17
	17.9
	0.7839
	
	
	
	
	

	
	< 90 
	13
	28.4
	
	
	
	
	
	

	ICGR15 (%) 
	≥ 15
	12
	29.7
	0.6790
	
	
	
	
	

	
	< 15
	18
	16.5
	
	
	
	
	
	

	AFP (ng/mL) 
	< 200
	16
	29.7
	0.5569
	
	
	
	
	

	
	≥ 200
	14
	17.9
	
	
	
	
	
	

	PIVKA-II (AU/mL) 
	< 100
	3
	73.2
	0.0584
	
	
	
	
	

	
	≥ 100
	27
	16.9
	
	
	
	
	
	

	Child-pugh class
	A
	27
	29.7
	< 0.0001
	
	
	
	
	

	
	B
	3
	6.4
	
	
	
	
	
	

	Tumor size (cm) 
	≥ 10 cm
	15
	12.2
	0.0485
	
	
	
	
	

	
	< 10 cm
	15
	29.7
	
	
	
	
	
	

	Differentiation
	wel/mod
	17
	17.9
	0.5449
	
	
	
	
	

	
	por
	13
	28.4
	
	
	
	
	
	

	pN
	-
	28
	17.9
	0.2335
	
	
	
	
	

	
	 + 
	2
	56.5
	
	
	
	
	
	

	Macrovascular invasion
	-
	5
	9.5
	0.0053
	
	
	
	
	

	
	 + 
	25
	30.0
	
	
	
	
	
	

	BCLC stage
	B
	12
	33.8
	0.7652
	
	
	
	
	

	
	C
	18
	16.9
	
	
	
	
	
	

	Distant metastasis
	-
	27
	28.4
	0.6013
	
	
	
	
	

	
	 + 
	3
	12.1
	
	
	
	
	
	


aP < 0.05. MST: Mean survival time; PT: Prothrombin time; ICGR15: Indocyanine green retention rate at 15 min; AFP: Alpha-fetoprotein; PIVKA-II: Protein induced by vitamin K absence/antagonist-II; BCLC: Barcelona Clinic Liver Cancer.


Table 4 Comparison between the postoperative complete remission (+) and postoperative complete remission (-) groups
	
	Category
	POCR (+) 
	POCR (-) 
	P value

	Age
	< 60/≥ 60
	1/7
	11/11
	0.0994

	Sex
	Male/female
	7/1
	21/1
	0.4690

	HBV and/or HCV
	-/ + 
	0/8
	6/16
	0.1550

	Alb (g/dL) 
	< 3.7/≥ 3.7
	5/3
	10/12
	0.6817

	T-Bil (mg/dL) 
	≤ 0.8/> 0.8
	6/2
	13/9
	0.6722

	PT (%) 
	< 90/≥ 90
	4/4
	9/13
	0.6976

	ICGR15 (%) 
	< 15/≥ 15
	4/4
	14/8
	0.6779

	AFP (ng/mL) 
	< 200/> 200
	4/4
	12/10
	1.0000

	PIVKA-II
	< 100/≥ 100
	2/6
	1/21
	0.1655

	Child-pugh class
	A/B
	8/0
	19/3
	0.5448

	Tumor size (cm) 
	< 10/≥ 10
	5/3
	10/12
	0.6817

	Differentiation 
	wel or mod/por
	5/3
	12/10
	1.0000

	pN
	-/ + 
	7/1
	21/1
	0.4690

	Macrovascular invasion
	-/ + 
	0/8
	5/17
	0.2868

	Distant metastasis
	-/ + 
	8/0
	19/3
	0.5448

	BCLC stage
	B/C
	3/5
	9/13
	1.0000

	Anatomical hepatectomy
	-/ + 
	2/6
	1/21
	0.1665

	Number of tumors 
in the remnant liver 
	1-3/≥ 4
	7/1
	5/17
	0.0025a


aP < 0.05. POCR: Postoperative complete remission; PT: Prothrombin time; ICGR15: Indocyanine green retention rate at 15 min; AFP: Alpha-fetoprotein; PIVKA-II: Protein induced by vitamin K absence/antagonist-II; BCLC: Barcelona Clinic Liver Cancer.
Table 5 Comparison between the postoperative complete remission (-) tyrosine kinase inhibitors (+) and postoperative complete remission (-)tyrosine kinase inhibitors (-) groups
	
	Category
	POCR (-)/TKI (+) 
	POCR (-)/TKI (-) 
	P value

	Age
	< 60/≥ 60
	4/2
	7/9
	0.6351

	Sex
	Male/female
	6/0
	15/1
	1.0000

	HBV and/or HCV
	-/ + 
	2/4
	4/12
	1.0000

	Alb (g/dL) 
	< 3.7/≥ 3.7
	1/5
	9/7
	0.1619

	T-Bil (mg/dL) 
	≤ 0.8/> 0.8
	4/2
	9/7
	1.0000

	PT (%) 
	< 90/≥ 90
	2/4
	7/9
	1.0000

	ICGR15 (%) 
	< 15/≥ 15
	4/2
	10/6
	1.0000

	AFP (ng/mL) 
	< 200/> 200
	4/2
	8/8
	0.6462

	PIVKA-II
	< 100/≥ 100
	0/6
	1/15
	1.0000

	Child-pugh class
	A/B
	6/0
	13/3
	0.5325

	Tumor size (cm) 
	< 10/≥ 10
	4/2
	6/10
	0.3476

	Differentiation 
	Wel or mod/por
	4/2
	8/8
	0.6462

	pN
	-/ + 
	5/1
	16/0
	0.2727

	Macrovascular invasion
	-/ + 
	0/6
	5/11
	0.2663

	Distant metastasis
	-/ + 
	5/1
	14/2
	1.0000

	BCLC stage
	B/C
	2/4
	7/9
	1.0000

	Anatomical hepatectomy
	-/ + 
	0/6
	1/15
	1.0000

	Number of tumors 
in the remnant liver 
	1-3/≥ 4
	0/6
	5/11
	0.2663


POCR: Postoperative complete remission; TKIs: Tyrosine kinase inhibitors; PT: Prothrombin time; ICGR15: Indocyanine green retention rate at 15 min; AFP: Alpha-fetoprotein; PIVKA-II: Protein induced by vitamin K absence/antagonist-II; BCLC: Barcelona Clinic Liver Cancer.
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