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Abstract
BACKGROUND
Percutaneous radiofrequency ablation (RFA) is an effective treatment for unresectable hepatocellular carcinoma (HCC) and a minimally invasive alternative to hepatectomy for treating tumour recurrence. RFA is often performed using contrast-enhanced computed tomography (CECT) and/or ultrasonography. In recent years, angiographic systems with flat panel image detectors and advanced image reconstruction algorithms have broadened the clinical applications of cone-beam computed tomography (CBCT), including RFA. Several studies have shown the effectiveness of using CBCT for immediate treatment assessments and follow-ups.

AIM
To assess the treatment response to RFA for HCC using CBCT.

METHODS
Forty-eight patients (44 men; aged 37-89 years) with solitary HCC [median size: 3.2 (1.2-6.6) cm] underwent RFA and were followed for 25.6 (median; 13.5-35.2) mo. Image fusion of CBCT and pre-operative CECT or magnetic resonance imaging (MRI) was used for tumour segmentation and needle path and ablation zone planning. Real-time image guidance was provided by overlaying the three-dimensional image of the tumour and needle path on the fluoroscopy image. Treatment response was categorized as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). Disease progression, death, time to progression (TTP), and overall survival (OS) were recorded. Kaplan-Meier and Cox regression analyses were performed.

RESULTS
Initial post-RFA CECT/MRI showed 38 cases of CR (79.2%), 10 of PR (20.8%), 0 of SD, and 0 of PD, which strongly correlated with the planning estimation (42 CR, 87.5%; 6 PR, 12.5%; 0 SD; and 0 PD; accuracy: 91.7%, P < 0.01). Ten (20.8%) patients died, and disease progression occurred in 31 (35.4%, median TTP: 12.8 mo) patients, resulting in 12-, 24-, and 35-mo OS rates of 100%, 81.2%, and 72.2%, respectively, and progression-free survival (PFS) rates of 54.2%, 37.1%, and 37.1%, respectively. The median dose-area product of the procedures was 79.05 Gy*cm2 (range 40.95-146.24 Gy*cm2), and the median effective dose was 10.27 mSv (range 5.32-19.01 mSv). Tumour size < 2 cm (P = 0.008) was a significant factor for OS, while age (P = 0.001), tumour size < 2 cm (P < 0.001), tumour stage (P = 0.010), and initial treatment response (P = 0.003) were significant factors for PFS.

CONCLUSION
Reliable RFA treatment planning and satisfactory outcomes can be achieved with CBCT.
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Core Tip: This is a prospective study to assess the treatment response to radiofrequency ablation (RFA) for hepatocellular carcinoma (HCC) using cone-beam computed tomography (CBCT) for treatment planning and image guidance. Satisfactory 1-, 2-, and 3-year overall survival and disease progression outcomes were achieved in patients with solitary HCC when treated by RFA under CBCT. Image fusion of pre-operative CT/magnetic resonance imaging with CBCT allows precise RFA treatment planning and real-time image guidance. The initial treatment response strongly correlates with RFA planning and is an independent predictor of short-term outcomes, implying the necessity of reliable treatment planning.

INTRODUCTION
Percutaneous radiofrequency ablation (RFA) is an effective treatment for unresectable hepatocellular carcinoma (HCC) and a minimally invasive alternative to hepatectomy for treating tumour recurrence[1-3]. In particular, clinical evidence has shown that RFA can be considered a curative therapy for nodules ≤ 5 cm and can achieve comparable long-term survival outcomes to that of surgical resection in patients with lesions ≤ 3 cm[1,3-4].
RFA requires an operator to have a substantial understanding of the anatomy and hands-on experience with ablation techniques and instruments. During the procedure, the operator relies on non-invasive imaging to visualize the tumour and the ablation needle while gradually progressing the needle on a well-planned path. As tumours cannot be visualized under fluoroscopy and the spatial relationship between the tumour and the needle cannot be sufficiently assessed using conventional two-dimensional imaging, RFA is often performed using contrast-enhanced computed tomography (CECT) and/or ultrasonography. However, physical restrictions around a CT scanner often result in a cumbersome workflow, involving several re-scans of the patient during the treatment to confirm the ablation needle’s position while the operator plans or progresses and adjusts the needle towards the tumour. Ultrasound, on the other hand, is limited in its field of view and depth of view, making it challenging to reach deep tumours in critical locations. Moreover, a lack of access to CT and/or ultrasound for therapeutic purposes remains a common resource issue for interventional radiologists and interventional oncologists in many centres.
In recent years, angiographic systems with flat panel image detectors and advanced image reconstruction algorithms have broadened the clinical applications of cone-beam computed tomography (CBCT), including RFA. A CBCT scan acquires a set of images while rotating the X-ray generator and the image detector around the patient’s body to produce CT-like (axial) images as well as three-dimensional (3D) reconstructions. This allows tumour detection, (semi-)automatic segmentation, and real-time image fusion between CBCT, and fluoroscopy–all can be applied using a stand-alone angiographic system. Morimoto et al[5] reported one of the first pilot studies in which CBCT was used for RFA[5]. Abi-Jaoudeh et al[6] described early clinical experience with tumour ablation navigation software for needle path planning, ablation zone marking, and image fusion[6]. Several other studies have shown the effectiveness of using CBCT for immediate treatment assessments and follow-ups[7-10]. Kato et al[11] demonstrated in a comparative CBCT vs ultrasound-guided RFA study that “CBCT guidance contributed to improved rates of complete ablation and decreased rates of cumulative local progression”[11]. Nevertheless, additional evidence of short- and long-term RFA treatment outcomes associated with the standardized use of CBCT for treatment planning and image guidance should be collected and reported to serve relevant clinical communities.
In the present study, we systematically and comprehensively incorporated CBCT into the routine RFA procedure workflow for tumour segmentation, needle path and ablation zone planning, real-time image guidance, and treatment assessment. We prospectively collected treatment responses in HCC patients and evaluated their short-term outcomes.

MATERIALS AND METHODS
Patients
Approval from the authors’ Hospital Independent Ethics Committee was obtained for this single-centre, single-arm prospective study. HCC patients with solitary lesions, no presence of extrahepatic metastasis, refusing to undergo operation, and older than 18 years of age were included in this study after obtaining informed consent. Patients with breath hold difficulty were excluded due to probable motion artefacts and poor CBCT image quality. Between June 2014 and December 2015, 48 inoperable or elective HCC patients subjected to RFA treatments were consecutively enrolled. HCC was diagnosed by alpha-fetoprotein test and image findings on CECT (LightSpeed VCT, GE Healthcare, Milwaukee, WI, United States) or magnetic resonance imaging (MRI; Signa 1.5 HDxt, GE Healthcare, Milwaukee, WI, United States). Patient age, sex, Barcelona Clinic Liver Cancer (BCLC) stage, Child-Pugh score, tumour size and tumour adjacency to major vessels, the diaphragm, or other organs were recorded and analysed.

RFA treatment
RFA was performed using a radiofrequency generator (RITA 1500, AngioDynamics, Mountain View, CA, United States) and two models of ablation needles with multiple electrode arrays (Xli and Talon Semi Flex, AngioDynamics, Mountain View, CA, United States). RF energy was generated at 460 kHz and delivered by the electrodes at the needle tip for the coagulation and ablation of target lesions at 105 °C and 250 W. The Xli 14 G needle contains nine electrode arrays and creates a spherical ablation zone of 4-7 cm (i.e., 2-5 cm lesion size). The Talon Semi Flex 14 G needle contains four electrode tines for a 4 cm ablation zone. Depending on tumour size, proximity to the liver margin, and adjacency to other critical structures, the operators selected between the two models of ablation needles, planned the needle path, and set the appropriate ablation time. CBCT was performed during each procedure prior to RFA for needle path and ablation zone planning and post-RFA for an immediate assessment of the treatment response. Real-time image fusion of CBCT and fluoroscopy was used during percutaneous needle puncture and insertion. Two interventional radiologists (XY and DY, each with over 10 years of experience) jointly performed all the enrolled procedures.

Treatment planning and real-time image guidance using CBCT
All treatments were performed on an angiographic system (Allura Xper FD20, Philips Healthcare, Best, the Netherlands) equipped with an XperCT (Philips) and software for tumour segmentation and ablation treatment planning (XperGuide Ablation, Philips). Technical parameters of the XperCT abdominal image acquisition protocol and related patient radiation dose have been reported in a previous study[12]. Prior to RFA, a 5-second, low-radiation, non-contrast-enhanced CBCT image was acquired for each patient. HCC was automatically detected and segmented on the reconstructed CBCT image. Operator verification of the target tumour was subsequently carried out on the images in the coronal, sagittal, and transverse planes where tumour boundaries were automatically outlined and manually adjusted (Figure 1A). Upon confirming the tumour location, shape, and volume, the operators selected the percutaneous puncture entry point(s) and virtual needle path(s) to plan ablation needle insertion. Real-time image guidance was achieved by superimposing the CBCT image with the virtual needle path (including an entry point, a marked progression line, and a target point) onto the live fluoroscopy image. As the CBCT image was acquired using the same C-arm gantry as the fluoroscopy image, the system was able to register the two imaging modalities and allow the CBCT overlay to be displayed at the same fluoroscopic projection angle in real time. After the ablation needle was inserted, another CBCT image was acquired to confirm the needle position and the opening of the electrode arrays and to plan the intended ablation zone (Figure 1B and C). The ablation zone was colour coded based on the operator’s input of the ablation needle’s technical configurations.

Treatment response assessment and clinical follow-ups
The treatment response to RFA was assessed using the Modified Response Evaluation Criteria in Solid Tumors (mRECIST)[13] and was categorized as complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). The initial post-RFA treatment response was assessed days to one week after the procedure using CECT or MRI. Clinical follow-ups were conducted every 4 to 6 wk to diagnose recurrence and tumour progression. Supplementary treatments, including transarterial chemoembolization, hepatoprotection, and symptomatic treatment, were provided to patients who achieved PR and PD, while patients who achieved CR and SD continued to be monitored. Disease progression (defined as tumour recurrence and/or progression), death, time to progression (TTP), and overall survival (OS) were recorded until May 2017 for the short-term outcome study.

Effective radiation dose assessment
Unlike conventional CT, the CT dose index is not suitable for CBCT since the scan field of view of the CBCT image is smaller than that of the conventional CT scan[14]. Suzuki et al[15] reported that the effective dose during CBCT imaging can be evaluated using the dose-area product (DAP)[15]. According to the Monte Carlo effective dose conversion formula from the International Commission on Radiological Protection (ICRP)[16], effective dose (ED) is calculated as kDAP*DAP, and kDAP is calculated as 0.13 mSv/Gy*cm2. The DAP was recorded with a digital subtraction angiography (DSA) dose monitoring system.

Statistical analysis
Kaplan-Meier analysis was performed to determine OS and progression-free survival (PFS) in the study population. Factors that may be associated with disease progression and/or death (i.e., age, sex, BCLC stage, CP score, tumour size and tumour adjacency to the aorta, diaphragm, or digestive tract) were analysed using Cox regression tests. Quantitative variables are described using the median and range (minimum to maximum). Qualitative variables are presented as numbers and percentages. The standard error (SE), hazard ratio (HR), and 95% confidence interval (CI) are also reported. Statistical significance was defined as a P value less than 0.05. Statistical analyses were performed using SPSS 14.0 software.

RESULTS
Forty-eight HCC patients (44 men and 4 women, aged 37 to 89 years) with solitary tumours and no extrahepatic metastases underwent CBCT-guided RFA successfully without major complications (Table 1). The median tumour size was 3.2 cm (range 1.2-6.6 cm). Eighteen patients had BCLC stage B, while 30 patients had stage C. All of 48 patients had good liver function (Child-Pugh score was A). The median DAP of the procedures was 79.05 Gy*cm2 (range 40.95-146.24 Gy*cm2), and the median ED was 10.27 mSv (range 5.32-19.01 mSv). Sixteen of the enrolled patients who presented with a tumour size less than 3 cm underwent transarterial embolization prior to RFA with the primary purpose of enhancing tumour visualization using lipiodol. A case example of a 37-year-old man who underwent intraprocedural CBCT and 3-mo follow-up CECT is shown in Figure 1.
Pre-RFA treatment planning estimated 42 cases of CR (87.5%), 6 of PR (12.5%), 0 of SD, and 0 of PD. The post-RFA initial clinical assessment using contract-enhanced CT or MRI showed 38 cases of CR (79.2%), 10 of PR (20.8%), 0 of SD, and 0 of PD, which strongly correlated with the planning estimation before treatment (accuracy 91.7%; Pearson correlation 0.737, P < 0.01). Ten Patients with PR were treated by transarterial chemoembolization sequentially. The patients were subsequently followed for a median period of 25.6 mo (range 13.5-35.2 mo), during which ten (20.8%) patients died of causes related to liver disease. The median survival time was not reached. Kaplan-Meier analysis estimated 12-, 24-, and 35 mo OS rates of 100%, 81.2%, and 72.2%, respectively (Figure 2A). During the follow-up period, disease progression occurred in 31 (65.6%) patients. Disease progression rates were 54.2%, 62.9%, and 62.9% at 12, 24, and 35 mo, respectively, according to Kaplan-Meier analysis (Figure 2B). The median TTP (mTTP) was 12.8 mo (SE = 1.6, 95%CI: 9.7-15.9). At the end of follow up (median period of 25.6 mo, range from 13.5 to 35.2 mo), final mRECIST assessments indicated 16 (33.3%) cases of CR, 1 (2.1%) of PR, 0 of SD, and 31 (64.6%) of PD.
The univariate Cox regression analysis showed that female sex (P = 0.019) and tumour size < 2 cm (P = 0.008) were statistically significant factors for OS (Table 2), while no independent OS predictors were identified using Cox proportional hazards models. Prognosis factors that significantly influenced PFS were age (P = 0.001, mTTP of 35.2 mo for patients under 58 years vs 11.1 mo for patients ≥ 58 years), tumour size < 2 cm (P < 0.001, mTTP not reached), BCLC stage (P = 0.010, mTTP of 35.2 mo for stage A vs 11.1 mo for stage B), and initial post-RFA mRECIST (P = 0.003, mTTP of 14.1 mo for CR vs 6.4 mo for PR) (Table 3 and Figure 3). Cox proportional hazards models showed that age (P = 0.036, HR = 1.052, 95%CI: 1.003-1.103) and post-RFA mRECIST (P = 0.021, HR = 4.080, 95%CI: 1.231-13.524) were independent predictors of PFS.

DISCUSSION
CBCT is a new imaging modality that provides 3D images in addition to conventional 2D images (such as those obtained via DSA and fluoroscopy) during interventional radiology procedures. Its most characteristic feature is the rotating flat panel detector around the patient to obtain a series of data that can be used for CT image reconstruction. Compared with conventional CT, the use of CBCT during the interventional procedure can provide real-time guidance, thus reducing not only the operation time but also therapy-associated complications[16].
We systematically utilized CBCT in RFA to inoperable or elective patients with solitary HCC and assessed the short-term outcomes. CBCT was used for ablation needle path and ablation zone planning using image fusion with pre-operative diagnostic CECT or MRI. Real-time image guidance for needle progression was achieved by overlaying the tumour volume (created from CBCT tumour segmentation) on the planned needle path on the live fluoroscopy image. Technical success was achieved in all 48 procedures without major complications. The median DAP of the procedures was 79.05 Gy*cm2 (range 40.95-146.24 Gy*cm2), and the median ED was 10.27 mSv (range 5.32-19.01 mSv). This finding is similar to those in other reports in the literature[17].
Notably, the treatment response estimation in pre-RFA planning strongly correlated with the post-RFA mRECIST assessment, with high accuracy and statistical significance. This demonstrates satisfactory consistency between CBCT-based treatment planning and the operators’ manual needle manipulation under the real-time image guidance employed in this study. This finding confirms the usefulness and efficacy of CBCT in RFA procedures, as it allows 3D visualization of the tumour and needle path, as well as multimodality image fusion for tumour segmentation and image navigation during needle progression.
Previous studies of the long-term survival outcomes of HCC patients who underwent CT- or ultrasound-guided RFA reported 1-, 3-, and 5-year survival rates of 86%-97%, 51%-81%, and 38%-64%, respectively[3,18-24]. Kato et al[11] demonstrated the survival benefit of CBCT tumour visualization during ultrasound-guided RFA, with 1-, 2-, and 3-year OS rates of 92%, 84%, and 84%, respectively[11]. Our study obtained better 1-, 2-, and 3-year survival outcomes than the aforementioned studies and is highly consistent with two studies on Chinese HCC patients, which reported 1- and 3-year OS rates of 91.4% and 71.3%[3] and 90.0% and 70.8%[19], respectively. The median survival time was understandably not reached in the present short-term outcomes study, as it is typically observed 3 to 5 years post-RFA treatment[3,11,19-24]. Statistical analysis indicated that in our patient group, female sex significantly influenced mortality. However, this result might be due to the small sample size (i.e., 4 patients and 3 deaths) in conjunction with the large tumour sizes (1 tumour > 3 cm, 1 tumour > 4 cm, and 2 tumours > 6 cm) and because PR was achieved in all four patients. Indeed, the multivariate Cox regression analysis did not confirm female sex as an independent predictor of OS.
Our results showed more prominent post-RFA disease progression than previous studies (1- and 3-year PFS rates of 66%-83% and 29%-59%, respectively)[3,19,21-23]. This inconsistency may be due to a significant proportion of the study population with a tumour size ≥ 3 cm (30/48, 62.5%), which influenced the cohort’s prognosis. Moreover, the present study indeed showed that tumour size < 2 cm, while not an independent predictor, was a significantly positive factor for post-RFA PFS and OS outcomes in patients with solitary HCC (Figure 3A). This finding is in line with guidelines and clinical literature with regard to the efficacy of RFA for small HCC [1,2,4,23,25]. In addition, our results indicated that age (negative independent predictor) and BCLC stage were significant factors for PFS (Figure 3B).
Cox proportional hazards models revealed that the initial post-RFA mRECIST assessment was an independent prognostic predictor for patients with solitary HCC (Figure 3C). Despite having supplementary treatment options, 90% of the present study’s population who achieved PR after RFA developed disease progression at an mTTP of 6.4 mo. In contrast, prognosis in the CR subgroup was significantly better (i.e., 57.9% of patients experienced disease progression at an mTTP of 14.1 mo). This observation agrees with Lencioni’s hypothesis of objective responses as surrogate survival endpoints based on statistical analysis[26]. The implication of our finding is threefold. First, it is apparent that well-targeted needle insertion with an adequate ablation technique will help achieve immediate CR and a good prognosis. Second, considering the strong correlation between the planning-based response estimation and the post-RFA assessment, precise planning using CBCT and pre-operative diagnostic CT/MRI in conjunction with real-time image guidance, as described in the present student, can be beneficial to ensure predictable RFA treatment outcomes. Last, CBCT-guided RFA procedures may benefit from an immediate CBCT assessment following treatment to provide a reliable initial prognosis estimation and allow the operator to consider additional ablation procedures to improve the treatment response (if necessary and feasible) while the patient is in situ. While the current study did not use contrast-enhanced CBCT to conduct the post-RFA immediate response assessment, further investigations, particularly those incorporating intravenous contrast injection, might be clinically meaningful.

CONCLUSION
The comprehensive utilization of CBCT during RFA and the incorporation of image fusion with pre-operative diagnostic CT/MRI for semi-automatic tumour segmentation and reliable treatment planning, as well as real-time image guidance for the operator, could enhance tumour visualization and contribute to satisfactory treatment responses. This is particularly beneficial for interventional oncologists who have limited access to dedicated CT and/or ultrasound units for therapeutic purposes.

ARTICLE HIGHLIGHTS
Research background
Percutaneous radiofrequency ablation (RFA) is an effective treatment for unresectable hepatocellular carcinoma (HCC). In recent years, angiographic systems with flat panel image detectors can use cone-beam computed tomography (CBCT) to guide RFA and show great effectiveness.

Research motivation
To assess the short-term response, radiation dose, and time to progression associated with CBCT guided RFA in HCC patients.

Research objectives
To assess radiation dose during operation, short-term response, and time to progression in HCC patients undergoing CBCT guided RFA.

Research methods
Our prospective research studied HCC patients who underwent CBCT guided RFA. The basic status of the patients, including age, sex, Barcelona Clinic Liver Cancer stage, Child-Pugh score, tumour size and tumour adjacency to major vessels, the diaphragm, or other organs, was recorded. The radiation dose during RFA, short-term response, and time to progression were recorded during the follow-up.

Research results
There were 48 patients (44 males and 4 females) who underwent RFA guided by CBCT without major complications. The median tumour size was 3.2 cm (range 1.2-6.6 cm). The median dose area product of the procedures was 79.05 Gy*cm2 (range 40.95-146.24 Gy*cm2), and the median effective dose was 10.27 mSv (range 5.32-19.01 mSv). The post-RFA initial clinical assessment using contract-enhanced CT or magnetic resonance imaging showed 38 (79.2%) cases of complete response, 10 (20.8%) of partial response, 0 of stable disease, and 0 of progressive disease. The median time to progress was 12.8 mo.

Research conclusions
CBCT guided RFA is a reliable treatment for HCC patients. It could enhance tumour visualization and contribute to satisfactory treatment responses. This is particularly beneficial for interventional oncologists who have limited access to dedicated CT and/or ultrasound units for therapeutic purposes.

Research perspectives
The current study did not use contrast-enhanced CBCT to conduct the post-RFA immediate response assessment, and further investigations, particularly those incorporating intravenous contrast injection, might be clinically meaningful.
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Figure Legends
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Figure 1 A 37-year-old man with solitary hepatocellular carcinoma < 2 cm in size and close to the diaphragm underwent radiofrequency ablation under cone-beam computed tomography. A: Semi-automated tumour segmentation was performed during cone-beam computed tomography (CBCT) prior to radiofrequency ablation (RFA); B: An ablation needle was inserted following a planned path towards the tumour target and confirmed on the three-dimensional CBCT reconstructed image as well as on the frontal, sagittal, and coronal planes; C: Based on the technical parameters of the ablation needle and equipment, ablation zones associated with various temperature levels were visualized on multiple planes using CBCT planning software; D: Contrast-enhanced CT at 3 mo post-RFA showed complete response and no treatment-related damage to the diaphragm.
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Figure 2 Overall survival and disease progression rates during the follow-up period. A: Overall survival; B: Disease progression.
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Figure 3 Statistically significant factors for progression-free survival. A: Tumour size < 2 cm; B: Barcelona Clinic Liver Cancer stage; C: Initial post-radiofrequency ablation treatment response.

Table 1 Baseline patient characteristics and short-term treatment responses
	Number of patients
	Total patients
	Disease progression
	Deaths

	
	48
	31 (64.5%)
	10 (20.8%)

	Sex
	
	
	

	Male
	44
	28
	6

	Female
	4
	3
	4

	Age (years): 58 (37-89)
	
	
	

	< 58
	23
	12
	3

	≥ 58
	25
	19
	7

	Tumour size (cm): 3.2 (1.2-6.6)
	
	
	

	< 2
	11
	2
	0

	≥ 2 and < 5
	26
	21
	2

	≥ 5
	11
	8
	8

	Tumour adjacent to the aorta, diaphragm, or digestive tract
	
	
	

	Yes
	6
	5
	2

	No
	42
	26
	8

	Barcelona Clinic Liver Cancer stage
	
	
	

	A
	18
	8
	2

	B
	30
	23
	8

	C
	0
	-
	-

	D
	0
	-
	-

	Child-Pugh score
	
	
	

	A
	48
	31
	10

	B
	0
	-
	-

	C
	0
	-
	-

	mRECIST–Post-RFA
	
	
	

	CR
	38 (79.2%)
	22
	6

	PR
	10 (20.8%)
	9
	4

	SD
	0
	-
	-

	PD
	0
	-
	-

	mRECIST–final follow-up
	
	
	

	CR
	16 (33.3%)
	-
	-

	PR
	1 (2.1%)
	-
	-

	SD
	0
	-
	-

	PD
	31 (64.6%)
	31
	10


Age and tumour size are presented as the median (range, minimum to maximum). RFA: Radiofrequency ablation; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.

Table 2 Univariate Cox regression analysis of factors related to overall survival
	Variable
	P value

	Sex
	0.019

	Age
	0.676

	Tumour size
	

	< 2 cm
	0.008

	≥ 5 cm
	0.853

	Tumour adjacent to the aorta, diaphragm, or digestive tract
	0.662

	Barcelona Clinic Liver Cancer stage
	0.157

	mRECIST–Post-RFA
	0.090


RFA: Radiofrequency ablation.

Table 3 Prognostic factors and predictors of disease progression according to Cox regression analysis
	Variable
	mTTP (mo)
	Univariate analysis
	Cox proportional hazards model (multivariate analysis)

	
	
	P value
	HR
	P value
	95%CI

	Sex
	
	0.246
	
	
	

	Male
	12.9
	
	
	
	

	Female
	6.0
	
	
	
	

	Age (years)
	
	0.001
	1.052
	0.036
	1.003-1.103

	< 58
	35.2
	
	
	
	

	≥ 58
	11.1
	
	
	
	

	Tumour size (cm)
	
	
	
	
	

	< 2
	-
	< 0.001
	
	
	

	≥ 5
	9.7
	0.468
	
	
	

	[bookmark: _GoBack]Tumour adjacent to the aorta, diaphragm, or digestive tract
	
	0.189
	
	
	

	Yes
	13.9
	
	
	
	

	No
	9.7
	
	
	
	

	Barcelona Clinic Liver Cancer stage
	
	0.010
	
	
	

	A
	35.2
	
	
	
	

	B
	11.1
	
	
	
	

	mRECIST–Post-RFA
	
	0.003
	4.080
	0.021
	1.231-13.524

	CR
	14.1
	
	
	
	

	PR
	6.4
	
	
	
	


mTTP: Median time to progression; HR: Hazard ratio; RFA: Radiofrequency ablation; CR: Complete response; PR: Partial response.
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