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Abstract
BACKGROUND
It is not known whether percutaneous radiofrequency ablation (PRFA) has the same treatment efficacy and fewer complications than laparoscopic resection in patients with small centrally located hepatocellular carcinoma (HCC).

AIM
To compare the effectiveness of PRFA with classical laparoscopic resection in patients with small HCC and document the safety parameters.

METHODS
In this retrospective study, 85 patients treated with hepatic resection (HR) and 90 PRFA-treated patients were enrolled in our hospital from July 2016 to July 2019. Treatment outcomes, including major complications and survival data, were evaluated.

RESULTS
The results showed that minor differences existed in the baseline characteristics between the patients in the two groups. PRFA significantly increased cumulative recurrence-free survival (hazard ratio 1.048, 95%CI: 0.265–3.268) and overall survival (hazard ratio 0.126, 95%CI: 0.025–0.973); PRFA had a lower rate of major complications than HR (7.78% vs 20.0%, P < 0.05), and hospital stay was shorter in the PRFA group than in the HR group (7.8 ± 0.2 d vs 9.5 ± 0.3 d, P < 0.001). 

CONCLUSION
Based on the data obtained, we conclude that PRFA was superior to HR and may reduce complications and hospital stay in patients with small HCC.
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Core tip: In this retrospective study, the effectiveness of percutaneous radiofrequency ablation (PRFA) with classical laparoscopic resection in patients with small hepatocellular carcinoma (HCC) was compared and the safety parameters determined. PRFA treatment reduced the incidence of complications compared with resection and significantly improved overall survival as well as recurrence-free survival. Therefore, PRFA was superior to hepatic resection and may reduce complications and mortality in patients with small HCC.


INTRODUCTION
Hepatocellular carcinoma (HCC) has a high mortality among all cancers worldwide[1]. Most patients with HCC have decreased liver function and require treatment to completely excise the lesion and effectively mitigate further damage to the liver[2]. Hepatic resection (HR) is recommended for patients with a single small HCC lesion up to 2 cm, which is a curative strategy and prevents recurrences. However, the operation takes a heavy toll on the patient’s body. Therefore, clinicians have employed other methods including percutaneous radiofrequency ablation (PRFA), percutaneous ethanol injection, and laparoscopic radiofrequency ablation (LRFA) therapy[3]. PRFA therapy is effective for controlling local tumours with improved survival and is the current standard for early-stage HCC requiring ablative treatments[4-11]. Although studies have demonstrated the superiority of LRFA to PRFA for patient survival[12], LRFA is more invasive than PRFA with higher risks of complications and requires general anaesthesia[13]. When percutaneous ablation treatments cannot be used, HR is a suitable alternative for the treatment of small HCC[14]. However, the most optimal treatment for patients with HCC has not been fully investigated. Thus, we aimed to compare the effectiveness and safety of PRFA with HR and investigate the recurrence, mortality, and survival rates in patients with HCC.

MATERIALS AND METHODS
Patients
We enrolled 175 patients with small HCC in our hospital from July 2016 to July 2019, of whom 85 received HR and 90 were treated with PRFA. This study was approved by the ethics committee of Yangtze University (Jingzhou, China) and all patients provided informed written consent to participate in this study.

Hepatic resection and percutaneous radiofrequency ablation treatment
For HR, patients were placed under general anaesthesia, a 1 cm sub-umbilical incision was made, and a trocar with a diameter of 1 cm was inserted to determine the location of the tumour. The hepatic ligament was then removed and labelled on the surface of the liver 2 cm adjacent to the tumour. Finally, we completely resected the entire hepatic segment or lobe[15]. For PRFA we used computed tomography (CT) or magnetic resonance imaging (MRI) for ultrasonography guidance in real-time. We intercostally or subcostally inserted a 17-gauge cooled-tip electrode of 2–3 cm. The ablation procedures generally lasted 12 min with a 3 cm electrode and 6 min with a 2 cm electrode, and a power of 80 W–100 W was typically used. The lesions were assessed one and eight weeks after PRFA by CT or MRI. We defined complete ablation as hypoattenuation of the target area and the surrounding liver parenchyma, which was confirmed by radiology[12].

Follow-up
During the 2.0 ± 0.5-year follow-up period, the patients were followed up by CT or MRI examinations every 3–4 mo in the first two years after PRFA treatment. We also measured liver function and α-fetoprotein levels. Previously published definitions and guidelines were used to define patient outcome and oncologic response[16]. CT or MRI during the follow-up period showing any tumour growth along the ablated or resected locations were considered recurrences and were managed accordingly depending on liver function and tumour characteristics.

Statistical analysis 
All data were analysed by SPSS 20.0. We compared the continuous data of the two groups using the Student’s t-test and the categorical data were examined by the χ2-test. Univariate logistic regression and multivariate Cox proportional-hazards regression were used to analyse the variables that significantly affected the recurrence or survival rates. The recurrence-free and overall survival were examined by Kaplan–Meier plot. Statistical significance was set at P < 0.05.

RESULTS
Patient characteristics
Table 1 compares the baseline characteristics of the study participants in the HR and PRFA groups. We observed that a higher proportion of patients who received HR had liver cirrhosis and multiple tumours (C2) and exhibited higher TNM stages compared with patients who received PRFA. These data were consistent with the results of liver function tests such as decreased albumin levels. Furthermore, we also found that the PRFA group showed lower AFP levels, which is a tumour marker for HCC. Additionally, there were no differences in the distribution or location of HCC tumours between the two groups. Patients who received PRFA had a significantly lower occurrence of complications compared with the HR group, which was paired with reduced hospitalisation duration.

Hepatocellular carcinoma recurrence during follow-up
Our univariate and multivariate analyses revealed that levels of serum albumin and AFP, the number of tumours (especially C2 tumours), and hospital duration in the PRFA group significantly affected the recurrence-free survival (Table 2). Similarly, the PRFA procedure, serum albumin and AFP levels, and hospital duration predicted overall survival of patients with HCC (Table 3).

Survival analysis
PRFA significantly increased cumulative recurrence-free survival (hazard ratio 1.048, 95%CI: 0.265–3.268) and overall survival (hazard ratio 0.126, 95%CI: 0.025–0.973) compared with HR (Figure 1) and was a significant predictor of both outcomes (Figure 2).

DISCUSSION
In recent years, clinicians have aimed for effective, precise, and minimally invasive treatments for patients with HCC, and PRFA and laparoscopic surgery have gradually become the primary recommended treatments[17]. Compared with traditional open cholecystectomy, laparoscopic surgery is advantageous due to less trauma and bleeding and shorter recovery times with comparable survival and recurrence rates[18]. PRFA is a newly developed local treatment that relies on heat to induce necrosis of the tumour and surrounding tissues and has been demonstrated to achieve the same clinical effect as open surgery for patients with single small HCC up to 3 cm in size[19,20]. PRFA can be easily performed and is repeatable with little damage to liver function[21]. However, the best choice of therapy for patients with HCC requires further study.
In this study, we found that hospitalization duration was significantly shorter and complications were less frequent in the PRFA group than in the HR group, and this was consistent with the results of other studies[22,23]. Also there were higher recurrence rates in patients treated by HR compared with PRFA. This could be due to the higher TNM stages of HCC tumours in patients treated with HR. Furthermore, these patients were more likely to have multiple tumours. PRFA did not significantly affect recurrence-free survival and was consistent with a previous study, although it did improve overall survival[24]. However, PRFA may reduce HCC recurrence, which would lead to reduced patient mortality. Our data indicated that PRFA was a contributing and prognostic factor for improving overall survival, liver function, and tumour characteristics. Furthermore, local progression of HCC, intra-segmental recurrences, and recurrences less than 12 mo after treatment were more frequent after HR, which was not attributable to a selection bias. Studies have reported that HCC lesions less than 2 cm in diameter may harbour highly proliferative tumour cells, thus it is critical to locate micro invasions or microsatellites.
In conclusion, PRFA was superior to HR for the survival of small HCC patients, especially those with peripheral tumours. In addition, it safeguarded liver function and reduced the complication and recurrence rates compared with HR. Therefore, we recommend PFRA as the standard treatment for patients with HCC.

CONCLUSION
Based on the data obtained, we conclude that PRFA was superior to hepatic resection and may reduce complications and hospital stay in patients with small HCC. Therefore, increased clinical application of PFRA will prove PFRA as the standard treatment for patients with small HCC.

ARTICLE HIGHLIGHTS
Research background
It is not known whether percutaneous radiofrequency ablation (PRFA) has the same treatment efficacy and fewer complications than laparoscopic resection in patients with small centrally located hepatocellular carcinoma (HCC).

Research motivation
This retrospective study aimed to compare the effectiveness of PRFA with classical laparoscopic resection in patients with small HCC and document the safety parameters, to provide an experimental basis for the clinical treatment of small HCC. 

Research objectives
To determine whether PRFA has the same effect as surgical resection with fewer complications in patients with small HCC, in order to provide more specific options for HCC treatment. 

Research methods
In this retrospective study, 85 patients treated with hepatic resection and 90 PRFA-treated patients were enrolled in our hospital from July 2016 to July 2019, Treatment outcomes, including major complications and survival data, were determined.

Research results
The results showed that minor differences existed in the baseline characteristics between the patients in the two groups. PRFA significantly increased cumulative recurrence-free survival (hazard ratio 1.048, 95%CI: 0.265–3.268) and overall survival (hazard ratio 0.126, 95%CI: 0.025–0.973); PRFA had a lower rate of major complications than HR (7.78 vs 20.0%, P < 0.05), and the hospital stay was also shorter in the PRFA group than in the HR group (7.8 ± 0.2 d vs 9.5 ± 0.3 d, P < 0.001). 

Research conclusions
Based on the data obtained, we conclude that PRFA was superior to hepatic resection and may reduce complications and hospital stay in patients with small HCC.

Research perspectives
The clinical application of PFRA should be increased to prove PFRA as the standard treatment for patients with small HCC.
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Figure Legends
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Figure 1 Comparison of cumulative recurrence-free survival and overall survival of patients with hepatocellular carcinoma treated with hepatic resection or percutaneous radiofrequency ablation. A: Cumulative recurrence-free survival; B: overall survival of patients. PRFA: Percutaneous radiofrequency ablation; HR: Hepatic resection.
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Figure 2 Kaplan–Meier curves of cumulative recurrence-free survival and overall survival of patients with hepatocellular carcinoma treated with hepatic resection or percutaneous radiofrequency ablation. A: Cumulative recurrence-free survival; B: Overall survival of patients. PRFA: Percutaneous radiofrequency ablation; HR: Hepatic resection.


Table 1 Baseline characteristics of the study participants, n (%)
	
	HR (n = 85)
	PRFA (n = 90)
	P value

	Gender (M/F)
	47 (55.3)/38 (44.7)
	52 (57.8)/38 (42.2)
	0.740

	Age (yr)
	63.5 ± 7.6
	62.8 ± 8.5
	0.414

	Cirrhosis aetiology
	
	
	0.915

	HCV
	58 (68.2)
	59 (65.6)
	

	HBV
	12 (14.1)
	13 (14.4)
	

	Other
	15 (17.7)
	18 (20)
	

	Platelet count (103/mm3)
	125 ± 58
	118 ± 62
	0.442

	Total bilirubin (mg/dL)
	1.05 ± 0.49
	1.08 ± 0.51
	0.692

	PT (INR)
	1.13 ± 0.06
	1.14 ± 0.18
	0.627

	Albumin (g/dL)
	3.87 ± 0.32
	4.02 ± 0.40
	0.007

	AFP (ng/dL)
	82.68 ± 7.85
	80.24 ± 7.24
	0.034

	Tumour size (cm)
	1.82 ± 0.24
	1.76 ± 0.32
	0.164

	Number of tumours
	
	
	0.012

	1
	63 (74.1)
	82 (91.2)
	

	2
	12 (14.1)
	4 (4.4)
	

	≥ 3
	10 (11.8)
	4 (4.4)
	

	TNM stage
	
	
	< 0.001

	I
	61 (71.8)
	84 (93.3)
	

	II
	24 (28.2)
	6 (6.7)
	

	Subcapsular tumour
	35 (41.2)
	48 (53.3)
	0.107

	Complications
	17 (20)
	7 (7.78)
	0.033

	Postoperative haemorrhage
	4 (4.71)
	1 (1.11)
	0.331

	Bile leak
	2 (2.35)
	1 (1.11)
	0.960

	Subphrenic collection/abscess
	3 (3.53)
	 1 (1.11)
	0.573

	Infected ascites
	4 (4.71)
	2 (2.22)
	0.626

	Liver failure
	1 (1.18)
	0 (0)
	0.977

	Pleural effusion
	3 (3.53) 
	 2 (2.22)
	0.948

	Hospital mortality
	0
	 0
	－

	Days of hospital stay during initial therapy
	9.5 ± 0.3
	[bookmark: _Hlk48294651]7.8 ± 0.2
	＜ 0.001


[bookmark: _Hlk48295587]HR: Hepatic resection; PRFA: Percutaneous radiofrequency ablation; HCV: Hepatitis C virus; HBV: Hepatitis B virus; PT: Prothrombin time; INR: International standardised ratio; AFP: Alpha fetoprotein.

Table 2 Univariate logistic regression and multivariate Cox proportional-hazards regression for recurrence-free survival of patients with hepatocellular carcinoma who received hepatic resection or percutaneous radiofrequency ablation
	Variables
	Univariate logistic regression
	Cox proportional-hazards regression

	
	P value
	Hazard ratio (95%CI)
	P value

	Albumin (g/dL)
	0.018
	0.325 (0.109–0.875)
	0.020

	AFP: normal vs abnormal
	0.037
	1.658 (1.135–3.258)
	0.023

	Number of tumours
	
	
	

	1
	
	1.000
	0.023

	2
	
	5.784 (1.387–20.268)
	0.015

	3
	
	7.458 (0.896–87.257)
	0.056

	TNM stage
	< 0.001
	
	

	I
	
	
	

	II
	
	
	

	Days of hospital stay during initial therapy
	0.028
	1.058 (1.005–1.224)
	0.027

	HR vs PRFA
	0.043
	1.045 (0.325–2.838)
	0.039


[bookmark: _Hlk48295608]AFP: Alpha fetoprotein; TNM: Tumor Node Metastasis; HR: hepatic resection; PRFA: Percutaneous radiofrequency ablation.

Table 3 Univariate logistic regression and multivariate Cox proportional-hazards regression for the overall survival of patients with hepatocellular carcinoma who received hepatic resection or percutaneous radiofrequency ablation
	Variables
	Univariate logistic regression
	Cox proportional-hazards regression

	
	P value
	Hazard ratio (95%CI)
	P value

	Albumin (g/dL)
	< 0.001
	0.058 (0.008 – 0.425)
	0.003

	AFP: normal vs abnormal
	0.0346
	1.647 (1.057 – 3.269)
	0.018

	Days of hospital stay during initial therapy
	0.013
	1.325 (1.057 – 1.523)
	0.006

	HR vs PRFA
	0.026
	0.114 (0.015 – 0.846)
	0.035


AFP: Alpha fetoprotein; HR: Hepatic resection; PRFA: Percutaneous radiofrequency ablation.
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