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Abstract
BACKGROUND
Surgical resection and radiofrequency ablation (RFA) represent two possible strategy in treatment of hepatocellular carcinoma (HCC) in Milan criteria.

AIM
To evaluate short- and long-term outcome in elderly patients (> 70 years) with HCC in Milan criteria, which underwent liver resection (LR) or RFA.

METHODS
The study included 594 patients with HCC in Milan criteria (429 in LR group and 165 in RFA group) managed in 10 European centers. Statistical analysis was performed using the Kaplan-Meier method before and after propensity score matching (PSM) and Cox regression.

RESULTS
[bookmark: _Hlk50367577]After PSM, we compared 136 patients in the LR group with 136 patients in the RFA group. Overall survival at 1, 3, and 5 years was 91%, 80%, and 76% in the LR group and 97%, 67%, and 41% in the RFA group respectively (P = 0.001). Disease-free survival at 1, 3, and 5 years was 84%, 60% and 44% for the LR group, and 63%, 36%, and 25% for the RFA group (P = 0.001).Postoperative Clavien-Dindo III-IV complications were lower in the RFA group (1% vs 11%, P = 0.001) in association with a shorter length of stay (2 d vs 7 d, P = 0.001).In multivariate analysis, Model for End-stage Liver Disease (MELD) score (> 10) [odds ratio (OR) = 1.89], increased value of international normalized ratio (> 1.3) (OR = 1.60), treatment with radiofrequency (OR = 1.46) ,and multiple nodules (OR = 1.19) were independent predictors of a poor overall survival while a high MELD score (> 10) (OR = 1.51) and radiofrequency (OR = 1.37) were independent factors associated with a higher recurrence rate.

CONCLUSION
Despite a longer length of stay and a higher rate of severe postoperative complications, surgery provided better results in long-term oncological outcomes as compared to ablation in elderly patients (> 70 years) with HCC in Milan criteria.
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Core Tip: Surgical resection and radiofrequency ablation represent two possible strategy in treatment of hepatocellular carcinoma in Milan criteria. In order to evaluate which of the two therapeutic options can provide better short-term and oncological outcomes, we compared data from 10 European centers before and after propensity score matching. Despite a longer length of stay and a higher rate of severe postoperative complications, surgery provided better results in long-term oncological outcomes as compared to ablation.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third global cause of cancer-related death[1]. The therapeutic strategy for patients with HCC varies considerably, according to the Barcelona clinic liver cancer (BCLC) algorithm[2], from liver transplantation to resection or ablation, passing through a series of options (chemoembolization, systemic supportive therapy, and systemic chemotherapy), based on the stage of neoplasia and patient’s general condition. The best radical treatment is still debated. For patients within Milan criteria, liver transplantation represents the treatment of choice, but unfortunately it is not suitable for all patients due to the scarcity of donors or due to an age limit[3-5].
[bookmark: _Hlk69306188]For patients with very early and early-stage HCC (BCLC 0-A), liver resection (LR) represented the treatment of choice when liver function was well-preserved and when the remnant liver was sufficient. In elderly patients, these conditions were sometimes more precarious and required a more careful evaluation of the risk-benefit ratio in terms of treatment. In fact, the prognostic role of advanced age was not defined in patients with HCC subjected to resection nor was there any mention in official guidelines[6,7].
The aim of our work was to evaluate short-term and long-term outcomes in elderly HCC patients (> 70 years) within Milan criteria, undergoing LR or radiofrequency ablation (RFA).

MATERIALS AND METHODS
Patients
[bookmark: _Hlk69306889]A multicentric retrospective study included 594 patients who were managed from January 2009 to January 2019 in the following centers: Centre Hépato-Biliaire Paul Brousse, Villejuif, France; Hôpital Henry Mondor, Créteil, France; Hospital Universitario Reina Sofia, Cordoba, Spain; Hôpitaux Universitaires Genève, Switzerland; Ospedale Niguarda, Milan, Italy; Nouvel Hôpital Civil, Strasbourg, France; Ospedale San Raffaele, Milan, Italy; Ospedale Miulli,Bari, Italy; Policlinico di Modena, Italy; Centre Hospitalier Universitaire, Reims, France).
We included patients who underwent laparoscopic and open LR or RFA in the study. Inclusion criteria: ≥ 70 years old patients, with Child A-B disease, in BCLC 0/A stage, with tumor within Milan criteria (solitary HCC < 5 cm in diameter, or multiple HCC < 3 lesions, each < 3 cm in diameter). Exclusion criteria: patients with tumor beyond Milan criteria, with radiological evidence of major portal/hepatic vein branch invasion, with evidence of extrahepatic disease.
[bookmark: _Hlk54004097][bookmark: _Hlk52615821]The diagnosis of HCC was based on non-invasive findings [ultrasonography, computed tomography (CT) scan, magnetic resonance imaging] or histopathology (with biopsy), according to the European Association for Study of Liver (EASL) consensus criteria[2]. The type of treatment was planned in multidisciplinary team discussions including surgeons, hepatologists, oncologists, interventional radiologists, and pathologists.

RFA procedure
RFA was performed using an internally cooled electrode. Depending on tumor size and position, either a single or clustered electrode was used for ablation under ultrasound guidance percutaneously or using a laparoscopic or open approach. The procedure was performed under local anesthesia and intravenous sedation for percutaneous ablation, and under general anesthesia for laparoscopic and open ablations. A control liver ultrasound was performed on the first postoperative day to assess the quality of the ablation in term of necrotic area.

LR procedure
The surgical strategy was tailored based on tumor size, position, and liver function. The type of LR was defined according to the Brisbane classification[8]. Anatomical resection, wedge resection, minor and major resections were performed under general anesthesia, with an open or laparoscopic approach. Minor resection was defined as the resection of two or fewer Couinaud’s liver segments, and major resection was defined as the resection of three or more liver segments. Intraoperative ultrasonography was used routinely. A Pringle’s maneuver was used during hepatectomy to control intraoperative bleeding.

Follow-up
Short-term outcomes included operative time, blood transfusion, complications based on the Clavien-Dindo classification[9], length of hospital stay and mortality within 90 d. Long-term outcomes evaluated rates of overall survival (OS) and disease free survival. Liver function (complete blood count, liver test, and coagulation profile) were assessed on postoperative days 1, 3, and 5. Follow-up was performed with CT-scan and blood tests (including liver function and oncological markers) once every 3 mo during the first year and every 4 mo thereafter. For patients undergoing to RFA, a CT-scan at 1 mo after ablation was performed, in order to assess results of treatment according mRECIST (modified Response Evaluation Criteria in Solid Tumors) criteria[10]. Recurrence treatment included repeat resection, ablation, trans-arterial chemoembolization, liver transplantation, percutaneous ethanol injection, sorafenib chemotherapy, or supportive care according to the EASL-EORTC (European Organisation for Research and Treatment of Cancer) clinical practice guidelines[2].

Statistical analysis
Statistical analysis was performed using the IBM SPSS 20 software. Continuous variables were compared using an independent sample t-test and Mann-Whitney U test. Categorical variables were compared using the chi-square test and Kruskal-Wallis test respectively. Recurrence-free survival (RFS) and OS curves were constructed using the Kaplan-Meier method and compared using the log-rank test. The Cox proportional hazards model was used in a stepwise manner (entry criterion P = 0.05 and removal criterion P = 0.1) to explore independent prognostic RFS and OS factors. We performed a propensity score matching (PSM) analysis to decrease selection bias by building a matched group of patients to compare perioperative characteristics, short-term and long-term outcomes in resection and ablation groups. Variables entered in our propensity model were co-morbidities, American Society of Anaesthesiologists (ASA) score, Child and MELD scores, number of lesions, and tumor size. We calculated propensity scores by applying these variables to a logistic regression model and calculated C-statistics to evaluate the goodness of fit. One-to-one PSM was performed with a caliper width ranging from the < 0.2 pooled standard deviation of estimated propensity scores. A total of 136 patients out of 429 in the resection group and a total of 136 patients out of 165 in the ablation group were matched for further analyses. The relative prognostic significance of the variables in predicting OS and overall recurrence was established using univariate and multivariate Cox proportional hazards regression models. All variables with a P value < 0.05 in the univariate analysis were subjected to the multivariate comparison. Results of the multivariate analysis were presented as relative risk with a corresponding 95% confidence interval.

RESULTS
Before PSM
We identified 594 patients within the Milan criteria. A total of 429 patients underwent LR and 165 RFA. Perioperative data are described in Table 1. The RFA group presented more co-morbidities than the LR group (64% vs 33%, P = 0.001). The RFA group also had a higher percentage of patients with ASA score III-IV than the LR group (73% vs 60%, P = 0.001), and a greater MELD score value (8 vs 6, P = 0.001). The LR group was associated with a larger tumor size than the RFA group (30 mm vs 24 mm, P = 0.001). Perioperative and postoperative data are described in Table 2. Operative time was significantly increased in the resection group as compared to the RFA group (205 min vs 25 min, P = 0.0001). Additionally, the perioperative blood transfusion rate was markedly higher in the LR group than in the RFA group (15% vs 8%, P = 0.001).
The RFA postoperative course was burdened by a lower rate of serious complications (Clavien-Dindo III-IV) than the LR group (1% vs 9%, P = 0.001). The RFA group had also significantly shorter postoperative hospital stays than the LR group (2 d vs 6 d, P = 0.001).
The estimated 1-, 3-, and 5-year OS rates were 91.9%, 84%, and 75.5% for the LR group and 92%, 66.4%, and 37.8% for the RFA group (P = 0.001, Figure 1). The estimated 1-, 3-, and 5-year disease-free survival rates were 85.7%, 63.7%, and 50.3% for the LR group, and 66.7%, 37.8%, and 27.7% for the RFA group (P = 0.001, Figure 2).

After PSM
After matching, we obtained a comparable population for both groups (Table 1). The variables included in the PSM are comorbidities, ASA and MELD score, tumor size and number of lesions. The use of these parameters for the PSM allowed us to obtain two samples to be compared more homogeneous, and therefore to have short- and long-term results between the two groups less burdened by other variables, although the number of patients in the two groups are smaller after pairing Perioperative and postoperative results are described in Table 2. The postoperative course of the RFA group was burdened by a lower rate of serious complications (Clavien-Dindo III-IV) as compared to the LR group (1% vs 11%, P = 0.001). The RFA group had also significantly shorter postoperative hospital stays than the LR group (2 d vs 7 d, P = 0.001). Operative time was significantly increased in the LR group as compared to the RFA group (median range: 190 min vs 25 min, P = 0.001). In addition, the perioperative blood transfusion rate was markedly higher in the LR group than in the RFA group (17% vs 8%, P = 0.001).
The estimated 1-, 3-, and 5-year OS rates were 91%, 80.2%, and 76.6% for the LR group and 97.7%, 68.9%, and 40.8% for the RFA group (P = 0.001, Figure 3) respectively. The estimated 1-, 3-, and 5-year disease-free survival rates were 84.5%, 60.6%, and 44.4% for the LR group, and 63.2%, 35.7%, and 25.1% for the RFA group (P = 0.001, Figure 4) respectively.

Multivariate analysis
[bookmark: _Hlk62042000]We evaluated factors influencing overall and disease-free survival using univariate and multivariate analyses. Multivariate analyses (Table 3) showed that the therapeutic choice of radiofrequency [hazard ratio: 1.46; (1.1-1.79), P = 0.001], international normalized ratio > 1.3 mg/dL [hazard ratio 1.60, (1.03-2.49), P = 0 03], and MELD score > 10 [1.89, (1.21-2.92), P = 0.005] were independent risk factors for OS. Concerning the rate of recurrence (Table 4), radiofrequency [1.37 (1.17-1.60), P = 0.0001] and MELD score > 10 [1.51, (1.04-2.17) P = 0.0001] were both considered poor prognostic factors.

DISCUSSION
This study suggested that surgical treatment provided better results in terms of long-term oncological outcomes (OS and disease-free survival) as compared to ablative treatment (RFA) in elderly HCC patients (> 70 years) within the Milan criteria, despite a longer and more complicated postoperative course.
Increased life expectancy, ageing, and the accumulation of chronic pathologies, such as obesity, diabetes, and some inadequate living habits (excess alcohol and smoking) led to the establishment of conditions of oxidative stress and inflammation which seemed to be the substratum favouring the onset of HCC, despite the reduction in the incidence rate of HBV and HCV-related liver disease, especially in Western countries[11].
For this reason, our study aimed to examine a part of the population still growing today, that of the elderly, (≥ 70 years), and namely patients within Milan criteria unsuitable for liver transplantation due to a reached limit of age and who should be managed either with RFA or LR. We analyzed short-term outcomes, namely perioperative characteristics (operative time, postoperative complications, length of hospital stay, and mortality within 90 d), as well as long-term outcomes, namely oncological results (OS and disease-free survival). LR was the treatment of choice in patients with very early and early-stage HCC, with a well-preserved liver function and sufficient residual liver volume. Radiofrequency was indicated in patients who were not candidates to surgery, and who presented with higher rates of local disease control and OS than other local ablative therapies[2,12,13] inducing a tumor necrosis, which guarantees a valid control of margin[14]. Microwave ablation is an alternative procedure, equally based on induction tumor destruction with heat generation, but with a different mechanism, and which seems to show promising performances although in treatment of HCC of 3-5 cm size, adjacent to vessels or gallbladder[15].
The most effective therapeutic strategy in the very early and early stages of HCC was still a matter for debate.
Radiofrequency made use of less invasiveness, thereby presenting a shorter hospital stay, fewer costs, a lower rate of major complications, as shown in multiple randomized clinical trials and meta-analyses[16-20]. On the other hand, LR provided better oncological outcomes in terms of local disease control[17,19,21] and in long-term OS[17,22,23], as reported in randomized controlled trials and meta-analyses, also and above all, considering the characteristics of HCC which presented a tendency to micro-dissemination in portal and hepatic veins and to the generation of micro-metastases around the lesion[24,25].
Recent studies have shown that this therapeutic algorithm can also be extended to elderly patients[26-29]. Old age represented an important risk factor concerning postoperative morbidity and mortality, especially in association with major surgical procedures, but thanks to the evolution of surgical techniques and an increasingly careful postoperative management, it was possible to extend the resective treatment even to the most advanced age groups. According to these findings, our data also showed a shorter postoperative course in patients undergoing RFA, in terms of major postoperative complications (Clavien-Dindo III-IV) (1% vs 9%, P = 0.001), length of hospital stay (median range: 2 d vs 6 d, P = 0.001), and also mortality rate within 90 d (0% vs 3%, P = 0.02).
Directly related to the type of procedure, data regarding operative time (median range: 25 min vs 205 min, P = 0.001) and percentage of perioperative blood transfusions (8% vs 15%, P = 0.001) highlighted the lower invasiveness of the ablative strategy. Although there were studies which showed overlapping[30] or even more satisfactory[31] results in the long-term outcomes of RFA managed patients, our work resulted in a clear superiority in patients managed with LR with a 1-, 3-, 5-year OS of 91.9%, 84%, and 75.5% as compared to 92%, 66.4%, and 37.8% for the RFA group (P = 0.001), and a 1-, 3-, and 5-year disease-free survival rate of 85.7%, 63.7%, and 50.3% for the LR group, and 66.7%, 37.8%, and 27.7% for the RFA group (P = 0.001).
To prevent any potential selection bias, we applied a PSM. Once co-morbidities, ASA and MELD score, tumor number, and tumor size of both groups had become balanced, we confirmed that LR provided better OS and disease-free survival than RFA treatment in elderly HCC patients with Milan criteria. On the other hand, the percentage of postoperative complications and blood transfusions, operative time, and length of hospital stay were also higher in the resection group even after PSM while the mortality value within 90 d was no longer significant. These data put emphasis on how important it was not only for the preoperative assessment of patients, which allowed us to choose a targeted and tailored therapeutic strategy, but also for the preoperative preparation of patients, which was related to the chosen procedure and made them less susceptible to any events secondary to the treatment itself, especially in elderly patients.
Elderly patients were often considered a high risk group for major surgery regarding the higher incidence of co-morbidities. In the past, this assumption seemed to have been a limit in the evaluation of the therapeutic choice. As a result, this category of patients was often undertreated, and this attitude may have distorted the previous results in terms of overall and recurrent survival.
This study had some limitations. First of all, because of its retrospective nature, there was a possibility of unavoidable selection bias. In addition, only 25.4% of patients undergoing RFA had a biopsy, although they had received a radiological diagnosis according to guidelines. Third, the surgical procedures adopted were very different, from anatomical to non-anatomical ones. In addition to this, there was the multicentric nature of the study which could be a determining factor in further bias in selection and evaluation criteria.

CONCLUSION
In conclusion, our work reached similar results to the ones of several recent studies which had it that LR guaranteed better outcomes in terms of overall and disease-free survival than RFA in elderly HCC patients within Milan criteria, and so it was mandatory to outline the best therapeutic strategy without foreclosures, rather respecting the parameters of patient selection and tailored treatment. LR should be considered for patients with a better liver function and a longer life expectancy, in order to balance the postoperative risk of treatment with benefits in long-term overall and disease-free survival.

ARTICLE HIGHLIGHTS
Research background
Surgical resection and radiofrequency ablation represent two alternative treatment for hepatocellular carcinoma.

Research motivation
Evaluation between surgery and radiofrequency ablation in elderly patients with hepatocellular carcinoma within Milan criteria.

Research objectives
To evaluate short- and long-term outcome in elderly patients (> 70 years) with HCC in Milan criteria, which underwent liver resection (LR) or radiofrequency ablation.

Research methods
Analysis of results from multicentric data about overall and disease-free survival linked to the two strategy.

Research results
Our data before and after propensity score matching show a better overall survival and disease-free survival at 1, 3, and 5 years in patient who underwent LR compared to ablation group.

Research conclusions
This retrospective multicenter study shows that LR provides better overall and disease-free survival despite a higher rate of post-operative complications and longer hospital stay when compared with ablation in elderly patients.

Research perspectives
With data from this retrospective multicenter study, a purpose of multicenter randomized controlled trials should be considered.
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[bookmark: _Hlk69308795][bookmark: _Hlk69308819][bookmark: _Hlk69308764]Figure 1 Survival curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent surgical resection and radiofrequency ablation before propensity score matching. Overall survival curves were constructed using the Kaplan-Meier method and compared using the log-rank test. Overall survival significantly differs between the two groups. PSM: Propensity score matching; OS: Overall survival; RES: Resection; RFA: Radiofrequency ablation.
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Figure 2 Tumor recurrence curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent surgical resection and radiofrequency ablation before propensity score matching. Recurrence-free survival curves were constructed using the Kaplan-Meier method and compared using the log-rank test. hepatocellular carcinoma recurrence significantly differs between the two groups. PSM: Propensity score matching; DFS: Disease-free survival; RES: Resection; RFA: Radiofrequency ablation.
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Figure 3 Survival curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent surgical resection and radiofrequency ablation after propensity score matching. Overall survival curves were constructed using the Kaplan-Meier method and compared using the log-rank test. After propensity score matching, survival remained significantly different. PSM: Propensity score matching; OS: Overall survival; RES: Resection; RFA: Radiofrequency ablation.
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Figure 4 Tumor recurrence curves (Kaplan-Meier method) of patients with hepatocellular carcinoma in Milan criteria who underwent surgical resection and radiofrequency ablation after propensity score matching. Recurrence-free survival curves were constructed using the Kaplan-Meier method and compared using the log-rank test. After propensity score matching, recurrence remained significantly different. PSM: Propensity score matching; DFS: Disease-free survival; RES: Resection; RFA: Radiofrequency ablation.

Table 1 Preoperative and clinical characteristics of patients with hepatocellular carcinoma in Milan criteria who underwent surgical resection and radiofrequency ablation
	
	Before PSM
	After PSM

	
	RFA (n = 165)
	Surgery (n = 429)
	P value
	RFA (n = 136)
	Surgery (n = 136)
	P value

	Male, n (%)
	116 (70)
	319 (74)
	0.35
	98 (72)
	104 (76)
	0.48

	Age (yr) median (range)
	75 (70-89)
	74.9 (70-90)
	0.71
	75 (70-88)
	74.7 (70-86.1)
	0.56

	BMI (kg/cm²) median (range)
	26.7 (19-51)
	26.7 (19-52)
	0.37
	26.7 (19-51)
	26 (21-41)
	0.85

	Co-morbidities > 2, n (%)
	107 (64)
	142 (33)
	0.001
	83 (61)
	81 (60)
	0.90

	Cause of Cirrhosis n (%)
	
	
	0.002
	
	
	0.11

	Hepatitis C virus
	89 (54)
	217 (50)
	
	73 (54)
	68 (50)
	

	Hepatitis B virus
	10 (6)
	80 (19)
	
	10 (7)
	22 (16)
	

	Alcohol
	37 (22)
	60 (14)
	
	31(23)
	23 (17)
	

	Others
	29 (18)
	72 (17)
	
	22 (16)
	23 (17)
	

	ASA score, n (%)
	
	
	0.004
	
	
	0.59

	I-II
	45 (27)
	172 (40)
	
	41 (30)
	36 (26)
	

	III-IV
	120 (73)
	257 (60)
	
	95 (70)
	100 (74)
	

	Blood tests median (range)
	
	
	
	
	
	

	Bilirubin (mg/dL)
	1 (0.2-2.8)
	0.9 (0.18-4.5)
	0.41
	1 (0.2-2.8)
	0.8 (0.2-4.5)
	0.02

	Creatinine (mg/dL)
	0.9 (0.5-2.5)
	1 (0.2-2.5)
	0.03
	0.9 (0.5-2.3)
	0.9 (0.4-2.5)
	0.02

	Platelet count × 109/L
	131 (10-856)
	178 (45-900)
	0.00
	131.5 (10-856)
	155 (47-573)
	0.57

	INR
	1.1 (0.9-2.4)
	1.2 (0.6-2.5)
	0.00
	1.1 (0.9-2.4)
	1.1 (0.8-2.5)
	0.00

	 Child Pugh, n (%)
	
	
	0.52
	
	
	0.87

	A
	139 (84)
	370 (86)
	
	114 (84)
	116 (85)
	

	B
	26 (16)
	59 (14)
	
	22 (16)
	20 (15)
	

	MELD median (range)
	8 (6-18)
	6 (6-17)
	0.00
	8 (6-18)
	8 (6-17)
	0.05

	Tumors number, n (%)
	
	
	0.07
	
	
	0.71

	Single nodule
	142 (86)
	392 (91)
	
	117 (86)
	120 (88)
	

	Multi nodules
	23 (14)
	37 (9)
	
	19 (14)
	16 (12)
	

	Tumor size (mm) n (%)
	24 (10-50)
	30 (7-50)
	0.00
	25 (10-50)
	24.5 (7-50)
	0.9

	< 20
	49 (30)
	33 (8)
	0.00
	36 (26)
	28 (21)
	0.31

	20-50
	116 (70)
	396 (92)
	
	100 (74)
	108 (79)
	

	Bilobar tumor, n (%)
	8 (5)
	8 (2)
	0.08
	6 (4)
	2 (1)
	0.28

	Tumor location, n (%)
	
	
	0.28
	
	
	0.17

	1
	2 (1)
	8 (2)
	
	1 (0.7)
	1 (0.7)
	

	2
	14 (8)
	41 (10)
	
	13 (9)
	14 (10)
	

	3
	12 (7)
	42 (10)
	
	10 (7)
	20 (15)
	

	4
	20 (12)
	53 (12)
	
	15 (11)
	13 (9)
	

	5
	28 (17)
	63 (15)
	
	21 (15)
	27 (19)
	

	6
	27 (16)
	87 (20)
	
	23 (17)
	29 (21)
	

	7
	18 (11)
	60 (14)
	
	16 (12)
	11 (8)
	

	8
	44 (28)
	75 (17)
	
	37 (27)
	21 (15)
	

	Histologically proven, n (%)
	42 (25)
	115 (27)
	0.75
	36 (26)
	42 (31)
	0.50

	Previous treatment, n (%)
	53 (32)
	53 (12)
	0.00
	42 (31)
	21 (15)
	0.004


Continuous variables were compared using an independent sample t-test and Mann-Whitney U test. Categorical variables were compared using the chi-square test and Kruskal-Wallis test respectively. PSM: Propensity score matching; BMI: Body mass index; ASA: American Society of Anesthesiologists; MELD: Model for End-Stage Liver Disease; RFA: Radiofrequency ablation; INR: International normalized ratio.

Table 2 Clinical and perioperative characteristics of patients with hepatocellular carcinoma in Milan criteria who underwent surgical resection and radiofrequency ablation
	
	Before PSM
	After PSM 

	
	RFA (n = 165)
	Surgery (n = 429)
	P value
	RFA (n = 136)
	Surgery (n = 136)
	P value

	Operative time (min) median (range)
	25 (5-250)
	205 (55-600)
	0.002
	25 (5-250)
	190 (55-600)
	0.001

	Blood transfusion, n (%)
	13 (8)
	66 (15)
	0.01
	11(8)
	23 (17)
	0.04

	Dindo-Clavien Classification, n (%)
	
	
	0.001
	
	
	0.002

	I-II
	163 (99)
	378 (91)
	
	134 (98)
	121 (89)
	

	III-IV
	2 (1)
	38 (9)
	
	2 (1)
	15 (11)
	

	Postoperative complication, n (%)
	
	
	    0.001
	
	
	0.002

	Yes
	31 (19)
	188 (44)
	
	28 (21)
	75 (55)
	

	No
	134 (81)
	241 (56)
	
	108 (79)
	61 (45)
	

	Type of complication, n (%)
	
	
	
	
	
	

	Liver failure
	1 (1)
	35 (8)
	0.002
	1 (0.7)
	14 (10)
	0.001

	Ascites
	3 (2)
	60 (14)
	0.003
	3 (2)
	17 (12)
	0.002

	Biliary leakage
	0 (0)
	9 (2)
	0.064
	0 (0)
	3 (2)
	0.25

	Hemorrhage
	4 (2)
	19 (4)
	0.340
	3 (2)
	11 (8)
	0.51

	Systemic Infection
	4 (2)
	30 (7)
	0.03
	4 (3)
	14 (10)
	0.03

	Intra-abdominal abscess
	0 (0)
	23 (5)
	0.00
	0 (0)
	8 (6)
	0.007

	Wound infection
	2 (1)
	12 (3)
	0.37
	2 (1)
	7 (5)
	0.17

	Portal thrombosis
	1 (1)
	3 (1)
	1.007 
	1 (0.7)
	2 (1)
	1

	Pulmonary
	7 (4)
	33 (8)
	0.15
	6 (4)
	15 (11)
	0.07

	Cardiac
	1 (1)
	18 (4)
	0.03
	1 (0.7)
	8 (6)
	0.03

	Renal
	1 (1)
	18 (4)
	0.03
	1 (0.7)
	6 (4)
	0.12

	Reoperation, n (%)
	0 (0)
	7 (2)
	0.19
	0 (0)
	2 (1)
	0.5

	Postoperative treatment, n (%)
	3 (2)
	19 (4)
	0.15
	3 (2)
	10 (7)
	0.08

	Length of hospital stay median (range)
	2 (1-23)
	6 (1-203)
	0.00
	2 (1-23)
	7 (1-203)
	0.00

	Mortality 90 d, n (%)
	3 (2)
	13 (3)
	0.001
	3 (2)
	4 (3)
	1


Continuous variables were compared using an independent sample t-test and Mann-Whitney U test. Categorical variables were compared using the chi-square test and Kruskal-Wallis test respectively. PSM: Propensity score matching; RFA: Radiofrequency ablation.

Table 3 Univariate and multivariate models for survival
	
	Univariate analysis
	Multivariate analysis
	

	
	P value
	RR (95%CI)
	P value

	RFA
	0.001
	1.46 (1.1-1.79)
	0.001

	Age ≤ 75 yr
	0.63
	
	

	Male
	0.001
	
	

	Co-morbidity ≥ 2
	0.001
	
	

	BMI < 24
	0.001
	
	

	ASA score III-IV
	0.07
	
	

	TBil (mg/dL > 2)
	0.001
	
	

	Crea (mg/dL > 1)
	0.57
	
	

	PLT (U/μL > 150 × 10³)
	0.001
	
	

	INR (> 1.3)
	0.001
	1.60 (1.03-2.49)
	0.03

	Tumor size < 3 cm
	0.001
	
	

	Multiple nodule
	0.001
	1.19 (1.08-4.17)
	0.03

	Child Pugh A
	0.001
	
	

	MELD > 10
	0.007
	1.89 (1.21-2.92)
	0.005


[bookmark: _Hlk58003882][bookmark: _Hlk58003681]The relative prognostic significance of the variables in predicting overall survival and overall recurrence was established using univariate and multivariate Cox proportional hazards regression models. Radiofrequency ablation, international normalized ratio > 1.3 mg/dL, and Model for End-Stage Liver Disease score >10 were independent risk factors for overall survival. RFA: Radiofrequency ablation; INR: International normalized ratio; MELD: Model for End-Stage Liver Disease; RR: Relative risk; CI: Confidence interval; BMI: Body mass index; ASA: American Society of Anesthesiologists; PLT: Platelets; TBil: Total bilirubin; Crea: Creatinine.

Table 4 Univariate and multivariate models for recurrence
	
	Univariate analysis
	Multivariate analysis
	

	
	P value
	RR (95%CI)
	P value

	RFA
	0.001
	1.37 (1.17-1.60)
	0.0001

	Age ≤ 75 yr
	0.28
	
	

	Male
	0.91
	
	

	Co-morbidity ≥ 2
	0.01
	
	

	BMI < 24
	0.61
	
	

	ASA score III-IV
	0.61
	
	

	Bilirubin (mg/dL > 2)
	0.37
	
	

	Creatinine (mg/dL > 1)
	0.62
	
	

	PLT (U/μL > 150 × 10³)
	0.001
	
	

	INR (> 1.3)
	0.02
	
	

	Tumor size < 3 cm
	0.001
	
	

	Multiple nodule
	0.07
	
	

	Child Pugh A
	0.26
	
	

	MELD > 10
	0.01
	1.51 (1.04-2.17)
	0.03


The relative prognostic significance of the variables in predicting overall survival and overall recurrence was established using univariate and multivariate Cox proportional hazards regression models. Radiofrequency ablation and Model for End-Stage Liver Disease score > 10 were considered poor prognostic factors. RFA: Radiofrequency ablation; INR: International normalized ratio; MELD: Model for End-Stage Liver Disease; RR: Relative risk; CI: Confidence interval; BMI: Body mass index; ASA: American Society of Anesthesiologists; PLT: Platelets.
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