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Sequential transcatheter arterial chemoembolization and portal vein embolization versus portal vein embolization alone before major hepatectomy for patients with large hepatocellular carcinoma: An intent-to-treat analysis

Introduction

Curative treatment of large hepatocellular carcinoma (HCC) is challenging because it often requires a major hepatectomy in patients with underlying liver disease or cirrhosis. In this setting, preoperative portal vein embolization (PVE) is recommended for limiting the risk of liver failure. [START_REF] Farges | Portal Vein Embolization Before Right Hepatectomy: Prospective Clinical Trial[END_REF] However, even when the surgical strategy is achieved, tumor recurrence is common. [START_REF] Yang | Solitary Large Hepatocellular Carcinoma: A Specific Subtype of Hepatocellular Carcinoma With Good Outcome After Hepatic Resection[END_REF] Preoperative transarterial chemoembolization (TACE) has been used to downstage tumors and facilitate resection. However, no benefit has been clearly demonstrated. [START_REF] Schwartz | Neoadjuvant and adjuvant therapy for resectable hepatocellular carcinoma: review of the randomised clinical trials[END_REF][START_REF] Zhou | A Prospective, Randomized, Controlled Trial of Preoperative Transarterial Chemoembolization for Resectable Large Hepatocellular Carcinoma[END_REF][START_REF] Yamasaki | A prospective randomized trial of the preventive effect of pre-operative transcatheter arterial embolization against recurrence of hepatocellular carcinoma[END_REF][START_REF] Zhou | Meta-analysis: preoperative transcatheter arterial chemoembolization does not improve prognosis of patients with resectable hepatocellular carcinoma[END_REF] Even in large HCC, one study concluded that TACE should be avoided. [START_REF] Wu | Preoperative transcatheter arterial chemoembolization for resectable large hepatocellular carcinoma: A reappraisal[END_REF] In contrast, some groups have applied sequential TACE-PVE before resection with encouraging results. [START_REF] Piardi | Management of large hepatocellular carcinoma by sequential transarterial chemoembolization and portal vein embolization: a systematic review of the literature[END_REF][START_REF] Aoki | Sequential Preoperative Arterial and Portal Venous Embolizations in Patients With Hepatocellular Carcinoma[END_REF][START_REF] Ogata | Sequential arterial and portal vein embolizations before right hepatectomy in patients with cirrhosis and hepatocellular carcinoma[END_REF][START_REF] Yoo | Sequential Transcatheter Arterial Chemoembolization and Portal Vein Embolization versus Portal Vein Embolization Only before Major Hepatectomy for Patients with Hepatocellular Carcinoma[END_REF] However, the number of these studies is limited, and none focused on large tumors. Therefore, the value of this strategy for large HCC (≥ 5 cm) remains unknown, and additional reports are needed.

This study aimed to compare early and long-term outcomes of the sequential TACE-PVE versus PVE alone before major hepatectomies for large HCC on an intent to treat basis.

Patients and methods

Study Population

We included all consecutive patients with a large HCC (≥ 5 cm on CT scan at diagnosis) who underwent either TACE followed by PVE or upfront PVE in view of a major hepatectomy between January 2005 and December 2015 at the Paul Brousse Hospital, Villejuif, France. The population was identified by using a prospectively maintained database. In this study, missing data were completed by a retrospective review of the patient chart. The design of this study was discussed and approved at our departmental research meeting.

HCC diagnosis and management

The modalities of diagnosis have been detailed in previous reports. [START_REF] Allard | Does pathological response after transarterial chemoembolization for hepatocellular carcinoma in cirrhotic patients with cirrhosis predict outcome after liver resection or transplantation?[END_REF][START_REF] Majno | Influence of Preoperative Transarterial Lipiodol Chemoembolization on Resection and Transplantation for Hepatocellular Carcinoma in Patients With Cirrhosis[END_REF] Briefly, a biopsy of the tumor and the non-tumor area was performed when the diagnosis could not be made with preoperative imaging studies or in patients without evidence of cirrhosis (dysmorphic liver, indirect signs of portal hypertension, known aetiology of cirrhosis). Resection was considered in patients with compensated liver function, no portal hypertension, and no evidence of extrahepatic disease. The presence of macroscopic portal invasion was not considered as an absolute contraindication to hepatectomy provided that main portal trunk and portal confluence remained tumor-free. In patients with compensated cirrhosis, liver transplantation for HCC was preferred in patients (< 70 years) with multiple nodules, provided that the disease remained confined within strict criteria. These criteria have evolved over the study period (Milan criteria, then up to seven, and Alpha-fetoprotein score since 2012 [START_REF] Duvoux | Liver Transplantation for Hepatocellular Carcinoma: A Model Including α-Fetoprotein Improves the Performance of Milan Criteria[END_REF] ). Child B patients with single HCC were also oriented toward transplantation.

The type of strategy (TACE plus PVE or upfront PVE) was discussed at our surgical and oncological meeting. The final decision was left at the choice of the senior surgeon in charge of the patient, generally guided by its conviction.

Radioembolization was not available over the study period.

Choice of resection extent

The type of hepatectomy was discussed during the surgical meeting. The choice was guided by the underlying disease, liver function, and the feasibility to achieve an R0 resection, with 2 cm-free margins. Limited resection was the treatment of choice, provided that the objectives mentioned above could be met. Right hepatectomy was indicated when anterior and posterior right pedicles were invaded. Although PVE before right hepatectomy was the rule, PVE before left hepatectomy was left to patients with underlying cirrhosis and atrophy of the right liver.

Transarterial chemoembolization

The femoral route was the option of choice. Conventional mesenteric arteriography was performed to check the hepatic arterial anatomy and to outline the portal circulation in the venous-phase films. After the assessment, the tip of the catheter was placed selectively in the hepatic artery of the resection side. A mixture of 70 mg Doxorubicin and 10 mg Lipiodol was injected under fluoroscopic control, followed by embolization with gelatin sponge particles. Embolization of the hemi-liver (either left or right according to tumor location) was commonly achieved. From 2010, selective embolization was implemented for tumor with a feeding artery identified on CT scan or when the liver function was partially impaired. A unique TACE was scheduled when the sequential strategy was planned. Physical examination looks for complications related to the femoral access and clinical signs of cholecystitis. Systematical use of prophylactic antibiotic treatment was abandoned. Transient fever, a frequent symptom observed after TACE, was managed by symptomatic treatment. The patient discharge was considered after the decrease of transaminases level and fever resolution.

Portal vein embolization

PVE was systematically performed before major resection on livers with severe fibrosis or cirrhosis. After checking arterial patency, the procedure was undertaken about two to four weeks after TACE. Hepatectomy was considered as feasible after obtaining significant hypertrophy of the FRL. [START_REF] Farges | Portal Vein Embolization Before Right Hepatectomy: Prospective Clinical Trial[END_REF] . No hepatectomy was performed if the FRL to the bodyweight ratio was < 0.5%. [START_REF] Truant | Remnant Liver Volume to Body Weight Ratio ≥0.5%: A New Cut-Off to Estimate Postoperative Risks after Extended Resection in Noncirrhotic Liver[END_REF] . Technical aspects of PVE have been described previously. [START_REF] Azoulay | Percutaneous Portal Vein Embolization Increases the Feasibility and Safety of Major Liver Resection for Hepatocellular Carcinoma in Injured Liver[END_REF] The percutaneous approach was the technique of choice. The puncture of the portal branch was either ipsilateral or contralateral, according to tumor location. After catheterizing of the main portal trunk, a portography was performed, and a guidewire was placed ipsilateral to the tumor. The portal territory was then slowly embolized by a mixture of cyanoacrylate and lipiodol. A doppler was performed the day after to check the patency of the non-embolized portal branch.

Volumetric assessment

A CT-scan with a volumetry of the future remnant liver (FRL) was performed between 3 to 4 weeks after PVE. Volumetry was calculated with the myrian software (IntraSense, Montpellier, France) by using the portal phase of the CT scan. The percentage of hypertrophy was calculated according to the following formula: FRL= (Post-PVE FRL -Pre-PVE FRL ) / Pre-PVE FRL.

Technique of hepatectomy

Hepatectomy was performed in both groups evenly between January 2005 and December 2015. Intraoperative ultrasound was used to check the location of the tumor, its relationship with major vascular structures and detect satellites nodules.

Intermittent pedicle clamping was routinely performed for 15 minutes. In cirrhotic livers, the clamping duration was usually decreased to 10 minutes. After surgery, patients were usually transferred in intensive care for at least 24 hours and then transferred to the ward according to their clinical state.

Follow-up and recurrence management

One month after discharge, patients were followed at the outpatient clinic with liver tests, AFP measurement, and CT scan. The patients were followed with CT scan or MRI and AFP every 3 to 4 months for the first two years and then every 6 months with no gaps in surveillance. Diagnosis of HCC recurrence was based on imaging and eventually on AFP serum level. Management of recurrence was decided at our multidisciplinary meeting. Several options were considered according to the age and condition of the patients, the type and location of recurrence.

Statistical Analysis

Continuous data were expressed as median (range) and compared with the nonparametric Wilcoxon test, whereas categorical data were expressed as percentages and compared with Fisher test or Chi-square test, as appropriate.

Survival probabilities were calculated by using the Kaplan-Meier method.

Survival comparisons were made by using the log-rank test. Progression-free survival (PFS) was used in the intent-to-treat analysis by calculating time survival from the date of the first treatment (TACE or PVE). Progression-free survival (PFS) was used for patients who underwent resection, and survival time was calculated since the date of hepatectomy. All statistical analyses were performed using the R 3.3.3 software and the ggplot2 package.

Results

A total of 55 patients with large HCC planned for a major resection were included (TACE, n=27, and PVE alone, n=28). The distribution of the patients and the strategy finally performed is summarized in Figure 1. 

TACE

Comparisons of the two groups: TACE vs PVE alone

Baseline characteristics of the two groups are given in Table 2. Briefly, there was no significant difference in terms of patient or disease characteristics.

• Hypertrophy of the future remnant liver

The median intervals between the preop CT scan and the post PVE CT scan were similar between the two groups. Although the proportion of cirrhosis was similar, we observed a significant increase in the FRL hypertrophy after TACE plus PVE compared to PVE alone (43% vs. 31%; P=0.03; Table 2).

• Early and long-term outcomes

After a median follow-up from the first procedure (TACE or PVE) of 55 months, the OS and PFS were significantly better after TACE compared to PVE alone (60% vs 20% for OS at 3 years, P=0.01 and 35% vs 0% for PFS at 3 years, P<0.001; 

Comparisons of the two groups: TACE + PVE + Major hepatectomy versus PVE

+Major hepatectomy

• Early outcomes

Comparisons of both group characteristics are given in supplementary Table 1.

As previously, the two groups were comparable before resection. Overall, three patients died within 90 postoperative days.

Severe morbidity or mortality (Dindo-Clavien ≥ III) was observed in 7 (33.3%) patients after TACE + PVE versus 5 (26.3%) patients after PVE (P=0.89). Overall, 3 patients developed post-hepatectomy liver failure, defined by "50-50" criteria [START_REF] Balzan | The "50-50 criteria" on postoperative day 5: an accurate predictor of liver failure and death after hepatectomy[END_REF] (One after TACE-PVE and 2 (10.5%) patients after PVE alone), leading to death in two of them.

• Subgroup analysis of patients with cirrhosis

Comparisons are shown in supplementary Table 2. Both groups remained comparable, except for obesity. Hypertrophy of the FRL was significantly higher after TACE+PVE compared to PVE alone group (36 % vs 26%, P=0.028).

Long-term outcomes

Although survival rates after resection in the TACE group seem better to that of the PVE alone group (3-year OS of 55% vs. 28%), this difference did not reach statistical significance (P=0.33; Figure 3A). However, PFS was significantly higher after TACE + PVE compared to PVE alone (3 year-PFS rates of 28% vs. 0%, P=0.03; Figure 3B).

Management of recurrence

At last follow-up, 42 patients recurred. Details regarding the management of HCC recurrence are given in Table 1.

Discussion

Although PVE before major hepatectomy is widely accepted, the use of sequential TACE-PVE is not a validated standard. [START_REF] Forner | Hepatocellular carcinoma[END_REF] First, we found that downstaging after TACE has the potential to modify the initial surgical strategy in 15% of patients. In contrast with previous reports of preoperative TACE in HCC ≥ 5 cm 4 , no progression after TACE was observed in our cohort. The OS and PFS of the TACE + group were significantly better compared to PVE alone group.

When analyzing the subgroup of patients who underwent major hepatectomy, PFS was also better after the sequence TACE-PVE. Several reasons might explain this oncological advantage of TACE. In a recent review, TACE has been shown to induce an objective response in 52.5%. [START_REF] Lencioni | Lipiodol transarterial chemoembolization for hepatocellular carcinoma: A systematic review of efficacy and safety data: Lencioni et al[END_REF] Avoiding tumor progression is of importance when considering the time necessary to obtain enough volume of FRL after PVE. We also hypothesize that tumor response makes it easier to achieve resection.

Another interesting point is the influence of TACE on the effect of PVE. The hypertrophy of the non-embolized liver appeared to be significantly higher after sequential TACE and PVE, compared to the group with PVE alone. This finding is in line with previous studies. [START_REF] Ogata | Sequential arterial and portal vein embolizations before right hepatectomy in patients with cirrhosis and hepatocellular carcinoma[END_REF][START_REF] Yoo | Sequential Transcatheter Arterial Chemoembolization and Portal Vein Embolization versus Portal Vein Embolization Only before Major Hepatectomy for Patients with Hepatocellular Carcinoma[END_REF] Different mechanisms have been advanced to support this finding. TACE could limit the compensatory increase of arterial flow in the embolized liver, treat some arterio-portal shunts present in cirrhotic livers, and induce severe damage and inflammation. The tumor is localized in the portal-embolized area, PVE combined with TACE can prevent intrahepatic metastasis to the non-portal-embolized area and improve overall survival * . The antitumor effect of the TACE increased the necrosis rate. All these effects participate in enhancing the hypertrophy of the contralateral liver.

Several studies have reported favorable results of TACE-PVE sequence before resection for HCC. [START_REF] Aoki | Sequential Preoperative Arterial and Portal Venous Embolizations in Patients With Hepatocellular Carcinoma[END_REF][START_REF] Ronot | Sequential transarterial chemoembolization and portal vein embolization before resection is a valid oncological strategy for unilobar hepatocellular carcinoma regardless of the tumor burden[END_REF] This strategy has been compared to PVE alone by a

French and a Korean groups [START_REF] Ogata | Sequential arterial and portal vein embolizations before right hepatectomy in patients with cirrhosis and hepatocellular carcinoma[END_REF][START_REF] Yoo | Sequential Transcatheter Arterial Chemoembolization and Portal Vein Embolization versus Portal Vein Embolization Only before Major Hepatectomy for Patients with Hepatocellular Carcinoma[END_REF] but these studies did not make an intent-to-treat analysis and did not focus on large HCC. To our knowledge, no randomized study comparing the two strategies has been published or are ongoing.

Curative treatment of large HCC is challenging, and other alternative strategies should be discussed. Excellent results after liver transplantation for initially unresectable HCC downstaged by TACE have been reported. [START_REF] Yao | Downstaging of hepatocellular cancer before liver transplant: Long-term outcome compared to tumors within Milan criteria[END_REF] However, LT is currently limited by current organ shortage, leading most allocation systems to give preference to patients with hepatic insufficiency and compromised shortterm prognosis. Selective internal radiotherapy in advanced HCC has shown interesting results. A recent randomized phase II study showed that radioembolization might provide better tumor control compared to TACE. [START_REF] Salem | Y90 Radioembolization Significantly Prolongs Time to Progression Compared With Chemoembolization in Patients With Hepatocellular Carcinoma[END_REF] These data suggest that yttrium-90 before PVE in resectable HCC might offer promising oncological results. However, the safety and technical feasibility remain to be demonstrated. In a small series of 9 patients resected after radioembolization, post-hepatectomy severe morbidity was very high, occurred in seven patients (78%). [START_REF] Henry | Liver Resection for Metastatic Disease After Y90 Radioembolization: A Case Series with Long-Term Follow-Up[END_REF] The potential advantages of TACE need to be counterbalanced by its drawbacks.

Although TACE is recognized as a safe procedure, some severe adverse events have been described. [START_REF] Lencioni | Lipiodol transarterial chemoembolization for hepatocellular carcinoma: A systematic review of efficacy and safety data: Lencioni et al[END_REF][START_REF] Miura | Transarterial Chemoembolization for Primary Liver Malignancies and Colorectal Liver Metastasis[END_REF] Among them, we should mention decompensation of liver function and ascites. Intrahepatic abscess, ischemic cholangitis have been reported but tumor rupture remains exceptional. [START_REF] Kim | Ischemic Bile Duct Injury as a Serious Complication After Transarterial Chemoembolization in Patients with Hepatocellular Carcinoma[END_REF][START_REF] Vanderwalde | Liver abscess as a complication of hepatic transarterial chemoembolization: a case report, literature review, and clinical recommendations[END_REF][START_REF] Singh Bhinder | Hepatocellular Carcinoma Rupture Following Transarterial Chemoembolization[END_REF] These complications have a strong impact on the overall strategy as it can preclude the hepatectomy initially planned. None of the patients of the present series experienced severe complications. This can be explained by the small size of the study population, and the excellent general condition of the patients for whom major hepatectomy was considered.

The limitations of this study have to be underlined. The number of patients is limited. For that reason, controlling potential confounders with statistical methods could not be done. In addition, the analysis is retrospective meaning that intent to treat analysis could be biased. However, given the few numbers of comparative studies from western centers, our experience might be of interest. Since both group characteristics were similar, comparisons of outcomes seem to be relevant.

It can be argued that better oncological results after TACE might result from a selection effect. By giving more hindsight on the tumor behavior, TACE helps to identify patients with very aggressive disease, that would unlikely benefit from major resection. This effect is unlikely here since our study population was selected based on the planned strategy, and not the strategy truly achieved.

Besides, the superiority in PFS survival remained among resected patients. We also observed that none of recurrence in the PVE alone group could be treated by potentially curative treatments (second resection, liver transplantation, or radiofrequency ablation) contrary to the TACE group.

In conclusion, our results suggest that TACE in patients with large HCC planned for major hepatectomy after PVE is associated with significantly improved overall survival, without increased mortality or morbidity, compared to PVE alone. This strategy makes it possible to downstage tumor, and to avoid major hepatectomy in a small proportion of patients. The effect of PVE seems also to be enhanced after TACE, thus increasing the chance to obtain sufficient FRL and to achieve safe hepatectomy. These findings support the set-up of a randomized controlled study to validate the sequential TACE-PVE strategy. Progression-free survival of patients with PVE alone before major hepatectomy versus patients with sequential TACE and PVE before major hepatectomy.

TABLES AND FIGURES

Figure .

 . Figure. 2AB). Similar findings were observed when comparing TACE + PVE group (after excluding the four downstaged patients) vs. PVE alone group (50% vs. 20% for OS at 3 years and 30% vs. 0% for PFS at 3 years; Supplementary Figure1AB).
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 2 Figure 2. Kaplan-Meier survival curves: TACE + versus PVE alone 2A Overall survival of patients with PVE alone versus patients with TACE +. 2B Progression-free survival of patients with PVE alone versus patients with TACE +.
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 3 Figure 3. Kaplan-Meier survival curves: TACE + PVE + major hepatectomy versus PVE + major hepatectomy 3A Overall survival of patients with PVE alone before major hepatectomy versus patients with sequential TACE and PVE before major hepatectomy. 3B

Table 1 . Patients downstaged after TACE

 1 

	No. Baseline	Liver disease	HCC	Response after TACE	Management	Outcomes
	1	Male, 67 yrs	Cirrhosis	2 lesions, max tumor size 5 cm, AFP 872 ng/ml	Decrease of AFP to 55 ng/ml after TACE	LT 8 months after TACE	Alive recurrence-free at 73 months from diagnosis
	2	Male, 83 years	NASH F3	Single, 7 cm, AFP 519 ng/ml	No residual activity	Partial hepatectomy in S6-S7	Alive with recurrence at 50 months from diagnosis
	3	Male, 58 years	No hepatopathy F2	Single, 8.5 cm, AFP: 1319 ng/ml	Decraese to 60 mm after TACE	Bisegmentectomy 4-5	Alive with recurrence at 37 months
	4	Male, 53 years	No hepatopathy F0F1	Single HCC of 8 cm; AFP 2298 ng/ml	No residual activity	Bisegmentectomy 7-8	Lost to follow-up, censored at 7 months
	HCC, hepatocellular carcinoma; AFP, Alpha Foetoprotein; LT, Liver Transplantation; TACE, transarterial
	chemoembolization; NASH, non alcoholic steato-hepatitis		

Table 2 . Comparisons of the PVE alone group versus TACE group

 2 

		PVE alone	TACE	
	Variables	N=28	N=27	P
		No. / median (range)	No. / median (range)	
	Time period (2010-2015)	16 (57.1%)	13 (48.1%)	0.691
	Baseline			
	Male sex	25 (89.3%)	24 (88.9%)	>0.99
	Age, yrs	65.0 (44.0-82.0)	65.0 (23.0-83.0)	0.966
	Height, cm	171 (153-188)	172 (154-193)	0.649
	Weight, kg	80.5 (57-131)	77.0 (60-115)	0.418
	Body mass index, kg/m2	26.9 (20.4-37.5)	25.9 (19.6-38.9)	0.195
	Normal	7 (25.0%)	11 (40.7%)	0.065
	Overweight	12 (42.9%)	14 (51.9%)	
	Obesity	9 (32.1%)	2 (7.41%)	
	Suspected or confirmed cirrhosis(1)	17 (60.7%)	15 (55.6%)	0.909
	Platelets < 150 G/l	4 (15.4%)	4 (14.8%)	>0.99
	Cardiac or lung chronic disease	4 (14.3%)	3 (11.1%)	>0.99
	Diabetes	8 (28.6%)	9 (33.3%)	0.928
	Hepatic disease			
	Etiology			
	NASH	8 (28.6%)	6 (22.2%)	0.451
	Alcohol	5 (17.9%)	3 (11.1%)	
	Hepatitis B	7 (25.0%)	5 (18.5%)	
	Hepatitis C	2 (7.14%)	7 (25.9%)	
	No	6 (21.4%)	6 (22.2%)	
	ICG-R15 min, %	5.5 (1-32)	9 (1-30)	0.564
	HCC			
	Tumour number			
	1	22 (78.6)	19 (70.4)	0.698
	2	4 (14.3)	4 (14.8)	
	3+	2 (7.1)	4 (14.8)	
	Tumour size, cm	9.0 (5.0-18.0)	8.1 (5.0-20.0)	0.194
	Median AFP, ng/ml	306 (2-60500)	138 (2-7409)	0.544
	AFP level			0.781
	< 100 ng/ml	13 (46.4)	11 (40.7)	
	100 -1000 ng/ml	6 (21.4)	8 (29.6)	
	> 1000 ng/ml	9 (32.1)	8 (29.6)	
	BCLC			
	Stage B	27 (96.4%)	22 (81.5%)	0.101

Table 1 . Comparisons of patients with PVE alone before major hepatectomy versus patients with sequential TACE and PVE before major hepatectomy

 1 

		PVE alone	TACE	
	Variables	N=19	N=21	P
		No. / median (range)	No. / median (range)	
	Time period (2010-2015)	10 (52.6%)	10 (47.6%)	>0.99
	Baseline			
	Male sex	16 (84.2%)	18 (85.7%)	>0.99
	Age, yrs	68.0 (45.0-82.0)	65.0 (23.0-79.0)	0.222
	Height, cm	171 (153-187)	172 (154-193)	0.506
	Weight, kg	78.0 (57-104)	73.0 (60-115)	0.765
	BMI, kg/m2	25.7 (20.4-35.6)	25.1 (19.6-38.9)	0.386
	Normal	5 (26.3%)	10 (47.6%)	0.140
	Overweight	9 (47.4%)	10 (47.6%)	
	Obesity	5 (26.3%)	1 (4.76%)	
	Platelets < 150 G/l	3 (15.8%)	3 (14.3%)	>0.99
	Cardiac or lung chronic disease	4 (21.1%)	2 (9.5%)	0.398
	Diabetes	6 (31.6%)	7 (33.3%)	>0.99
	Hepatic disease			
	Etiology			
	NASH	7 (36.8%)	4 (19.0%)	0.169
	No	4 (21.1%)	3 (14.3%)	
	Alcohol	5 (26.3%)	3 (14.3%)	
	Hepatitis B	2 (10.5%)	4 (19.0%)	
	Hepatitis C	1 (5.2%)	7 (33.3%)	
	ICG-R15 min, %	15 (2-32)	13 (2-30)	0.674
	HCC			
	Tumour number			
	1	16 (84.2%)	15 (71.4%)	0.741
	2	2 (10.5%)	3 (14.3%)	
	3+	1 (5.26%)	3 (14.3%)	
	Tumour size, cm	8.00 (5.00-17.0)	8.00 (5.00-20.0)	0.765
	median AFP, ng/ml	66.3 (2-60500)	71.0 (2-7409)	0.456
	AFP level			
	< 100 ng/ml	11 (57.9%)	11 (52.4%)	0.834
	100 -1000 ng/ml	3 (15.8%)	5 (23.8%)	
	> 1000 ng/ml	5 (26.3%)	5 (23.8%)	
	BCLC			
	Stage B	18 (94.7%)	16 (76.2%)	0.186
	Stage C	1 (5.26%)	5 (23.8%)	
	Volume and Treatment			
	TACE-PVE interval, days		46 (14-151)	.

AFP, Alpha-Foetoprotein; BW, Body weight; BCLC, Barcelona Clinic Liver Cancer; FRL, Future remnant liver; PVE, Portal vein embolization; NASH, Non-alcoholic steatohepatitis; ICG-R15 min, Indocyanine greenretention rate at 15 min. TACE, Transarterial chemoembolization; 1. Confirmed by preop biopsy or suspected by liver dismorphy and underlying liver disease; 2.calculated on all patients who recurred (N=42)

20 Supplementary Table 2 . Subgroup analysis among patients with suspected or confirmed cirrhosis

 Supplementary2 

		PVE alone	TACE	
	Variables	N=17	N=15	P
		No. / median (range)	No. / median (range)	
	Time period (2010-2015)	10 (58.8%)	5 (33.3%)	0.277
	Baseline			
	Male sex	16 (94.1%)	15 (100%)	>0.99
	Age, yrs	64.0 (44.0-74.0)	64.0 (42.0-74.0)	0.609
	Height, cm	170 (153-187)	175 (157-193)	0.180
	Weight, kg	83.0 (59.0-131)	82.0 (60.0-115)	0.545
	BMI, kg/m2	29.4 (22.1-37.5)	25.1 (19.6-38.9)	0.136
	Normal	5 (29.4%)	7 (46.7%)	0.040
	Overweight	4 (23.5%)	7 (46.7%)	
	Obesity	8 (47.1%)	1 (6.67%)	
	Platelets < 150 G/l	2 (12.5%)	3 (20.0%)	0.654
	Cardiac or lung chronic disease	3 (17.6%)	2 (13.3%)	>0.99
	Diabetes	6 (35.3%)	6 (40.0%)	>0.99
	Hepatic disease			
	Etiology			
	NASH	4 (23.5%)	2 (13.3%)	0.693
	No	2 (11.8%)	1 (6.67%)	
	Alcohol	3 (17.6%)	3 (20.0%)	
	Hepatitis B	6 (35.3%)	4 (26.7%)	
	Hepatitis C	2 (11.8%)	5 (33.3%)	
	ICG-R15 min, %	2 (1-31)	8 (1-30)	0.209
	BCLC			
	Stage B	16 (94.1%)	12 (80.0%)	0.319
	Stage C	1 (5.88%)	3 (20.0%)	
	HCC			
	Tumour number			
	1	13 (76.5%)	10 (66.7%)	0.201
	2	4 (23.5%)	2 (13.3%)	
	3+	0 (0.0%)	3 (20.0%)	
	Tumour size, cm	8.0 (5.0-17.0)	7.0 (5.0-20.0)	0.232
	median AFP, ng/ml	136 (3-1784)	71 (2-5978)	0.355
	AFP level			
	< 100 ng/ml	8 (47.1%)	8 (53.3%)	>0.99
	100 -1000 ng/ml	4 (23.5%)	3 (20.0%)	
	> 1000 ng/ml	5 (29.4%)	4 (26.7%)	
	Preop.management			
	TACE-PVE interval, days	_	44 (14-186)	
	PVE-surgery interval, days	54 (28-250)	42 (10-111)	0.750
	Volumetry			
	FRL volume before PVE, cc	598 (253-1300)	552 (320-1450)	0.895
	FRL volume after PVE, cc	742 (380-1390)	914 (425-2236)	0.114
	FRL/BW before PVE	0.83 (0.34-1.44)	0.72 (0.46-1.64)	0.693
	FRL/BW after PVE	0.96 (0.50-1.58)	1.08 (0.71-2.48)	0.096
	FRL hypertrophy, %	26 (4-72)	36 (15-138)	0.028
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