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Abstract

Purpose To report the results of combined therapy with

transarterial chemoembolization (TACE) and radiofre-

quency ablation (RFA) for early stage hepatocellular car-

cinoma (HCC) considered infeasible for ultrasound (US)-

guided RFA in comparison with those of TACE

monotherapy.

Methods From January 2007 through December 2010, 91

patients with early or very early stage HCC infeasible for

US-guided RFA received either TACE alone (TACE

group; n = 54) or TACE immediately followed by RFA

(TACE–RFA group; n = 37) as a first-line treatment.

1-month tumor response, time to progression (TTP), and

overall survival (OS) rates were calculated. Univariate and

multivariate analyses were performed to identify prognos-

tic factors.

Results TACE–RFA group showed a better 1-month

tumor response than TACE group (P\ .001). The mean

TTP was 29.7 ± 3.4 months (95 % confidence intervals

[CIs] 23.0–36.5) in TACE group and 34.9 ± 2.8 months

(95 % CIs 29.4–40.4) in TACE–RFA group. TACE–RFA

group had a significantly longer TTP (P = .014). Cumu-

lative 1-, 2-, and 3-year OS rates in the TACE and TACE–

RFA groups were 91, 79, and 71 % and 100, 97, and 93 %,

respectively (P = .008). Initial treatment of TACE was

found to be the only significant risk factor for tumor pro-

gression and OS in multivariate analysis.

Conclusion TACE–RFA combination therapy appears

superior to TACE monotherapy in terms of 1-month tumor

response, TTP, and OS when performed for early stage

HCC infeasible for US-guided RFA.

Keywords Hepatocellular carcinoma � Transarterial

chemoembolization � Radiofrequency ablation

Introduction

Recent advances in diagnostic techniques have enabled the

diagnosis of small hepatocellular carcinomas (HCCs) at an

early stage, and thus, provide HCC patients with poten-

tially curative treatment options, which include surgical

resection, transplantation, or local ablation [1, 2]. Liver

transplantation and surgical resection have been shown to

be most efficacious for early stage HCCs, however, only a

portion of the patients with early stage HCC are amenable

to these treatments because of a shortage of donor, the

presence of multiple tumors, unfavorable anatomy, poor

hepatic reserve, or other clinical factors such as old age and

comorbidities [1, 2]. Local ablation therapy, such as

radiofrequency ablation (RFA), has emerged as an accep-

ted therapy for early HCC because of its effectiveness and

safety, and RFA is currently considered as an alternative

treatment to surgical resection for early HCC [3, 4].

Ultrasound (US) is the most frequently used guidance

modality for percutaneous RFA of hepatic tumors because

it is safe, fast, and easily accessible and allows real-time

targeting and monitoring of the index tumor during RFA
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procedure. However, US-guided RFA is not always feasi-

ble due to a variety of anatomical and technical factors,

such as tumor location and poor conspicuity. In fact, a

recent study found that US-guided RFA was not feasible in

nearly half of the patients for whom percutaneous RFA was

requested [5]. Computed tomography (CT) can be an

alternative guidance tool in this setting. However, the US-

occult lesions are usually small and therefore likely to be

invisible on unenhanced CT also. Furthermore, in some

hospitals, CT machines are not available for RFA guidance

because their utilizations are high and CT-guided RFA

takes considerable time. Newer US techniques, like fusion

imaging, are being introduced to overcome the limitations

of US guidance [6], but even so, US-guided RFA is not yet

a practical option for a substantial proportion of patients

[7]. In this clinical scenario, transarterial chemoemboliza-

tion (TACE) may be an alternative and such patients have

undergone TACE for tumor control and survival prolon-

gation despite the fact that TACE is considered a palliative

and not curative option like RFA [8, 9].

Recently, the use of RFA combined with TACE is

gaining acceptance as a therapeutic strategy for the treat-

ment of intermediate-sized (3–5 cm) HCCs because TACE

decreases blood flow to tumors, making subsequent RFA

more effective [10]. Also, TACE can add radiographic

contrast to an otherwise invisible tumor as a result of

intratumoral retention of radio-opaque iodized oil, and

allow guidance for subsequent RFA by making the tumor

depicted on fluoroscopy, unenhanced CT/cone-beam CT

(CBCT), or US. A small number of studies have described

the results of this type of combination therapy in cases not

feasible for US-guided RFA [11–13]. However, these were

non-comparative single-arm studies and the indications of

combination therapy used were heterogeneous. In this

study, we report the results of TACE plus RFA combina-

tion therapy as a first-line therapy for early stage HCC

considered infeasible for US-guided RFA and compare the

results obtained with those of TACE monotherapy.

Materials and Methods

Patients

The retrospective review of patients’ images and medical

records was approved by our institutional review board,

which waived the requirement for patient informed con-

sent. At our institution, HCC patients, in whom percuta-

neous RFA was considered, were routinely referred for

planning US examinations to determine if US-guided RFA

was feasible. Our hospital database search found a total of

3054 HCC patients in whom 3702 planning US examina-

tions were performed between January 2007 and December

2010. We included 817 patients with a treatment-naı̈ve

HCC of BCLC stage 0 or A, in whom percutaneous RFA

was considered due to ineligibility of surgery or patient’s

preference and planning US was conducted by one of the

three radiologists with at least 4 years of experience with

RFA procedures at the beginning of the study period. Of

them, 501 patients who were treated with US-guided RFA

and 225 patients who were infeasible for US-guided RFA

and treated with surgical resection (n = 217), liver trans-

plantation (n = 6), or percutaneous ethanol injection

(n = 2) were excluded from the study (Fig. 1). When a

BCLC stage 0 or A HCC patient was determined to be

infeasible for US-guided RFA and ineligible for other

curative treatments (i.e., surgery and transplantation), the

patient was routinely treated with TACE at our institution.

Since February 2009 when CBCT became available at our

institution, instead of TACE, we started treating those

patients with a combined TACE and RFA in which RFA

was performed immediately after iodized oil TACE.

Finally, 91 patients with BCLC stage 0 or A HCC infea-

sible for US-guided RFA who received either TACE alone

(TACE group, n = 54, from January 2007 through October

2009) or combined TACE and RFA (TACE–RFA group,

n = 37, from February 2009 through December 2010) as a

first-line treatment were enrolled in this study. Patient and

tumor characteristics are summarized in Table 1. The

diagnosis of HCC was established based on clinical criteria

of the American Association for the Study of Liver Disease

[2] as follows: typical vascular pattern (hypervascularity in

the arterial phase and washout in the portal/delayed phase)

of liver nodule in at least one of the dynamic CT or

magnetic resonance imaging (MRI). One patient was

confirmed to have a HCC by a percutaneous needle biopsy.

The reasons for RFA infeasibility in TACE–RFA group

were inconspicuous tumor in 33 patients (89 %), the

Fig. 1 Flow diagram of patients who were included in this study
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absence of a safe electrode path in four patients (11 %),

and high risk of the heat sink effect in four patients in

whom a large vessel ([3 mm in diameter) was abutting the

tumor (11 %). Four of them had two reasons for RFA

infeasibility. The reasons for RFA infeasibility in TACE

group were inconspicuous tumor in 36 patients (67 %), the

absence of a safe electrode path in 17 patients (31 %), high

risk of the heat sink effect in seven patients in whom a

large vessel ([3 mm in diameter) was abutting the tumor

(13 %), and an organ vulnerable to thermal damage (i.e.,

the heart) in three patients, and miscellaneous in three

patients. Eleven patients of them had two or more reasons

for RFA infeasibility. The three patients with an organ

vulnerable to thermal damage received TACE alone.

Treatment Procedures

All procedures were performed on an in-patient basis by

two radiologists with 7 and 4 years of experience with

interventional radiology procedures at the beginning of the

study period.

TACE

After catheterization of hepatic and mesenteric arteries

with a 5-F catheter (Yashiro; Terumo, Tokyo, Japan or RH;

Cook, Bloomington, IN), digital subtraction angiography

was performed by monoplane C-arm angiography (Allura

Xper FD20; Philips Healthcare, Best, the Netherlands) that

had a flat panel detector with a 38 9 30 cm2 field of view

to determine the presence of tumor staining and to identify

arterial feeders of the tumor. A coaxial 2-F (Progreat;

Terumo) or 2.4-F (Microferret; Cook) microcatheter was

then selectively inserted into or as close as possible to the

tumor feeding artery at least to the segmental branch level.

Selective TACE was performed through the microcatheter

by transarterially infusing a mixture of 2–5 mL of iodized

oil (Lipiodol; Laboratoire Andre Guerbet, Aulnay-sous-

Bois, France) and 10–20 mg of doxorubicin hydrochloride

(Adriamycin; Dong-A Pharm, Seoul, Korea). The mixture

of iodized oil and doxorubicin was emulsified just prior to

infusion by vigorous pumping (10–20 times) between two

syringes interconnected with a three-way stopcock. The

doses of iodized oil and doxorubicin depended on tumor

size and vascularity. Transarterial infusion of the mixture

of iodized oil and doxorubicin was followed by

embolization of the feeding artery with gelatin sponge

pledgets (Cutanplast; Mascia Brunelli, Milan, Italy), which

were manually cut into *1 mm3 pieces. Embolization was

performed until blood flow in the tumor feeding artery

ceased. An intra-arterial injection of 1–3 mL of lidocaine

(Lidocaine HCl 2 %; Huons, Sungnam, Korea) was used

for pain control during the procedure.

Combination Therapy

In patients who underwent TACE–RFA combination

therapy, RFA was performed immediately after TACE.

Table 1 Baseline patient and

tumor characteristics
TACE (n = 54) TACE–RFA (n = 37) P value

Age (years)a 59.5 ± 9.5 57.7 ± 7.7 .526

Male/female 42/12 31/6 .480

Etiology .090

Hepatitis B virus 45 30

Hepatitis C virus 6 1

Non-viral or alcoholic 3 6

Child-Pugh class A/B 45/9 34/3 .347

Serum a-fetoprotein .322

20 ng/mL[ 27 24

20–200 ng/mL 18 10

[200 ng/mL 9 3

Tumor number .717

Single 36 26

Multiple (2 or 3) 18 11

Largest tumor size .104

2 cmC 32 28

[2–3 cm 22 9

Values are number of patients unless otherwise noted
a Values are means ± standard deviations
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Patients received a continuous intravenous infusion of

0.025–0.05 lg/kg/min of remifentanil HCl (Ultiva;

GlaxoSmithKline, Verona, Italy) for pain control from the

initiation of the RFA procedure. After completion of

TACE, CBCT acquisition using C-arm angiography

(XperCT; Philips Healthcare) was performed to obtain

anatomical information of tumors that took up iodized oil

to determine best tumor access. CBCT acquisition was

composed of 244 projection images obtained with 240�
rotation of the detector around the patient for a 4.1 s

scanning time. When a tumor showed sufficient iodized oil

uptake enough for visualization under fluoroscopy, the

tumor was targeted using a RFA electrode under fluo-

roscopy guidance. When a tumor showed scant iodized oil

uptake, the tumor was first approached using a 22-gauge

Chiba needle (Cook) and CBCT acquisition was used to

confirm correct positioning of the needle tip (Fig. 2), which

was then used as a guide for RFA electrode positioning.

Whenever applicable, US guidance was also used

throughout the procedure to determine the safe electrode

entry site and monitor the progression of tumor ablation. In

all cases, final electrode position was confirmed by CBCT

acquisition. We used a 200-W generator (Cool-tip; Valley

Lab, Boulder, CO) and a 17-gauge cooled-tip electrode

with a 3-cm exposed tip (Cool-tip; Valley lab) or a

17-guage internally cooled electrode with a manually

adjustable active tip of 0.5–3 cm (Viva; Starmed, Goyang,

Korea). Artificial ascites were infused when they were

necessary to improve the sonic window and decrease the

risk of thermal injury to adjacent organs such as the dia-

phragm [14]. In general, for tumors larger than 2.5 cm in

diameter, a multiple overlapping ablation technique was

applied. The ablation time for each electrode placement

was at least 6 min and total ablation times ranged from 6 to

32 min per tumor. After tumor ablation, the RFA electrode

tract was cauterized, while the electrode was retracted to

prevent bleeding and tumor seeding. The end point was

complete ablation of the visible tumor with an ablative

margin of at least 5 mm.

Follow-Up and Data Analysis

Patients in TACE–RFA group were examined by contrast-

enhanced CT on the following day after the procedure to

Fig. 2 Images of a 56-year-old man with a newly diagnosed single

HCC. A Arterial phase axial CT scan shows a 1-cm-diameter HCC in

hepatic segment VI (arrows), which was not discernible by ultrasound

(not shown). B Axial cone-beam CT scan obtained immediately after

TACE shows iodized oil retention within the tumor (arrows). C The

tumor was approached using a 22-gauge Chiba needle and the needle

position was confirmed by cone-beam CT acquisition. D A RFA

electrode was then advanced to the tumor guided by the Chiba needle.

E The final position of the RFA electrode was confirmed by another

cone-beam CT acquisition. F Portal phase axial CT scan obtained

1 day after TACE–RFA shows iodized oil accumulation in the tumor

completely surrounded by an ablation zone (arrows), representing

complete ablation
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evaluate immediate therapeutic results and post-procedural

complications. Subsequently, patients were followed rou-

tinely by contrast-enhanced dynamic CT or MRI at

1 month after the procedure. When no radiological evi-

dence of residual tumor or recurrence was noted, CT or

MRI was performed routinely on a 3 monthly basis. The

follow-up schedule for the TACE group was the same at

that of the TACE–RFA group except that they did not

undergo a CT scan on the following day after the proce-

dure. CT was routinely used for the diagnosis and follow-

up of tumors, and MRI was performed when CT findings

were atypical or inadequate for decision making regarding

residual tumor or recurrence or there were concerns about

iodine contrast reaction. When recurrence or residual tumor

was detected, patients received TACE, RFA, surgical

resection, transplantation, radiation therapy, or sorafenib

treatment depending on the progression or recurrence pat-

tern and underlying liver function.

Technical success of TACE was defined as successful

catheter placement and administration of the drug mixture

and gelfoam pledgets [15]. Technical success of TACE–

RFA combination therapy was analyzed on a per-tumor

basis (n = 48) and determined when the index

tumor(s) was treated according to the protocol (TACE plus

RFA). Technique effectiveness of the combination therapy

was defined when complete replacement of the target

tumor by a RFA zone with an ablative margin of at least

5 mm was confirmed on CT 1 day after the procedure [16].

Tumor response at 1 month was evaluated and classified

according to the modified Response Evaluation Criteria in

Solid Tumor (mRECIST) for HCC [17] as follows: com-

plete response (CR) was defined as the disappearance of all

intratumoral enhancement in all target lesions; partial

response (PR) was defined as C30 % decrease in the sum

of the greatest dimension of the viable (enhancing) target

lesions; progressive disease (PD) was defined as C20 %

increase in the sum of the greatest dimension of the viable

(enhancing) target lesions; and stable disease (SD) was

defined as the measured shrinkage or increase not sufficient

to qualify as a PR or PD.

Time to progression (TTP) was defined as the time

interval between initial treatment and radiological pro-

gression. Radiological tumor progression was determined

when a follow-up CT or MRI demonstrated C20 %

increase in the sum of target tumor diameters [17], an

enhancing viable tumor located in or adjacent to the

treated area where complete uptake of iodized oil or

complete tumor ablation had previously been obtained, or

the development of any new tumor in the liver separate

from the treated area. Overall survival (OS) was defined

as the time from either TACE or combination therapy to

death, and patients alive at the end of follow-up were

censored.

Complications were classified according to the guideli-

nes of the Society of Interventional Radiology [18]. A

major complication was defined as any event that resulted

in additional therapy, such as an increased level of care,

hospital stay beyond observational status, permanent

adverse sequelae, and death. All other complications were

classified as minor. Postembolization syndrome is the most

common side effect of TACE and was not considered a

complication but rather an expected outcome [18].

Statistical Analysis

Comparisons between the two groups were done using

Student’s t test for continuous data and the v2 test or

Fisher’s exact test for categorical data. On an intention-to-

treat basis, TTP and OS were calculated using the Kaplan–

Meier method and compared using the log-rank test. The

following variables were analyzed as possible prognostic

factors: sex, age (\60 vs. C60), Child-Pugh class (A vs. B),

positivity for hepatitis B virus surface antigen, positivity

for hepatitis C virus antibody, tumor size (B2 vs.[2 cm),

tumor number (single vs. [1), serum a-fetoprotein (AFP)

level (B200 vs.[200 ng/mL), and initial treatment method

(TACE–RFA vs. TACE alone). Univariate and multivariate

analyses were performed using the Cox proportional hazard

models. Variables with a P value\.2 in univariate analysis

were subjected to multivariate analysis. P values of \.05

were considered statistically significant. Statistical com-

puter software (SPSS, ver. 22.0; SPSS Inc., Chicago, IL)

was used for data analyses.

Results

Technical Success, Technique Effectiveness, and

1-Month Tumor Response

TACE was successfully performed in all 54 patients in the

TACE group. One tumor in the TACE–RFA group was not

localized after TACE even with CBCT acquisition and

RFA was not performed. Therefore, the technical success

rate of TACE–RFA combination therapy was 98 % (47/

48). Otherwise, all tumors were completely ablated with an

adequate ablative margin on next day CT scans, thus a

technique effectiveness rate of 98 % was achieved.

As for 1-month tumor response, CR was observed in 31

of 54 TACE patients (57 %), PR in 18 patients, and SD in 5

patients. CR was observed in all the 37 TACE–RFA

patients, including one patient with the tumor of technical

failure who had two tumors and underwent TACE–RFA for

the other tumor. Although the tumor of technical failure

was not localized, due to even retention of iodized oil

through the hepatic subsegment containing the tumor, on

D. Hyun et al.: Early Stage Hepatocellular Carcinomas Not Feasible for Ultrasound-Guided… 421

123



both intra-procedural CBCT immediately after TACE and

post-procedural CT 1 day after treatment, compact accu-

mulation of iodized oil in the tumor was found on one-

month follow-up CT as iodized oil retention in the sur-

rounding hepatic parenchyma got washed out over time.

The TACE–RFA group showed a better tumor response

with a higher CR rate than the TACE group (P\ .001).

Time to Progression

During follow-up, tumor progression was observed in 32

TACE patients (59 %) and 13 TACE–RFA patients (35 %).

The mean TTP was 29.7 ± 3.4 months (95 % confidence

intervals [CIs] 23.0–36.5 months) in TACE group and

34.9 ± 2.8 months (95 % CIs 29.4–40.4 months) in TACE–

RFA group. The TACE–RFA group had a significantly

longer TTP than the TACE group (P = .014) (Fig. 3A).

Univariate and multivariate analyses revealed that TACE as

an initial treatment was the only significant risk factor for

tumor progression (Table 2).

Overall Survival

The mean follow-up times of TACE and TACE–RFA

groups were 41.5 ± 18.0 months (median 47.6) and

32.0 ± 9.5 months (median 32.5), respectively. At the end

of follow-up, 32 of 37 TACE–RFA patients were alive, two

patients died of hepatic failure without tumor progression,

and three patients were lost to follow-up. Twenty-five of 54

TACE patients remained alive, 9 patients were lost to

follow-up, and 20 patients died of HCC progression

(n = 17), hepatic failure without tumor progression

(n = 2), or gastric variceal bleeding (n = 1). Eighty per-

cent (43/54) of TACE patients received additional therapy

following initial TACE, including TACE (n = 40), RFA

(n = 18), radiation therapy (n = 6), sorafenib (n = 4),

living donor liver transplantation (n = 3), and TACE–RFA

(n = 1). Thirty-five percent (13/37) of TACE–RFA

patients received additional therapy following initial

TACE–RFA, including surgical resection (n = 7), TACE

(n = 5), TACE–RFA (n = 5), living donor liver trans-

plantation (n = 1), and radiation therapy (n = 1).

Cumulative 1-, 2-, and 3-year OS rates in the TACE and

TACE–RFA groups were 91, 79, and 71 % and 100, 97,

and 93 %, respectively (P = .008) (Fig. 3B). Univariate

analysis showed a–fetoprotein [200 ng/mL and initial

treatment of TACE were the significant poor prognostic

factor for survival (Table 2). In multivariate analysis,

TACE–RFA as an initial treatment was the only significant

favorable factor for longer survival (hazard ratio 0.21;

95 % CIs 0.05–0.94; P = .041).

Complications of Each Initial Treatment

In the TACE group, two major complications occurred in

two patients (3.7 %, 2/54). Acute cholecystitis developed

Fig. 3 Graphs showing A time to progression (TTP) and B overall survival (OS) stratified by treatment type. Data were obtained with Kaplan–

Meier method
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in one patient and hepatic failure manifested by jaundice

and newly formed ascites developed in the other; both

resolved on conservative treatment. In the TACE–RFA

group, two major and four minor complications occurred in

six patients (16.2 %, 6/37), including two biliary strictures,

two subsegmental portal vein thromboses, and two sub-

segmental hepatic infarctions. None of these complications

led to any additional therapy, and the patients concerned

remain on routine follow-up. Nonetheless, two biliary

strictures (5.4 %, 2/37) were considered as a major com-

plication because it resulted in segmental intrahepatic bile

duct dilatation. No statistical difference was found in major

and total complication rates between TACE and TACE–

RFA groups (P = 1.000 for major complication rate,

P = 0.058 for total complication rate). There were no

procedure-related mortalities.

Discussion

Although TACE is considered a palliative method in the

treatment of HCC, it has been applied as an alternative

first-line treatment of early stage HCC in cases that cura-

tive treatments (i.e., surgery and ablation) were ineligible

or refused [8, 9]. A few authors compared TACE with RFA

in single HCC B2 cm [19] or HCC within the Milan cri-

teria [20] or compared TACE with RFA or surgical

resection in early stage HCC [21, 22], and they suggested

that with careful patient selection, TACE could provide

survival benefits similar to those of RFA or surgical

resection for patients with early stage HCC. However, it is

noteworthy that, even in these studies, TACE was associ-

ated with earlier TTP, higher tumor recurrence rates, and

poorer recurrence-free survival than RFA or surgical

resection. TACE–RFA combination can be another first-

line treatment of early stage HCC and its therapeutic

potential has been confirmed in a recent study reporting

that TACE–RFA combination provides overall and recur-

rence-free survival rates similar to surgical resection in

patients with early stage HCC [23]. Our study, comparing

TACE and TACE–RFA in the clinical setting of early stage

HCC infeasible for US-guided RFA, has shown that

TACE–RFA combination is better than TACE monother-

apy in terms of 1-month tumor response, TTP, and OS.

Our results showing better 1-month tumor response and

TTP in TACE–RFA group than TACE group are similar to

those of previous studies comparing TACE and RFA [19,

20]. On the other hand, the OS result of this study is dif-

ferent from a presumption from previous studies comparing

TACE with RFA or comparing TACE–RFA with RFA [19,

20, 24, 25]. Because the previous studies showed similar

results in OS between TACE and RFA or between TACE–

RFA and RFA, it can be presumed that OS between TACE

and TACE–RFA would be similar. However, this com-

parison study showed the superiority of TACE–RFA to

TACE in OS. In our multivariate analysis, initial treatment

of TACE–RFA was the only significant favorable factor for

longer TTP and OS. Considering that TACE–RFA com-

bination is known to create larger ablation zones than RFA

monotherapy and local tumor control has a significant

impact on patient survival [23, 26, 27], the superiority of

TACE–RFA in this study might be explained. Nonetheless,

it can be raised that the cumulative 3-year OS of 93 % in

the current study seems to be excessively high. However, a

recent study by Xie et al. [28] reported a 4-year OS rate of

*95 % when combination therapy was performed in

patients with treatment-naı̈ve HCCs, which is concordant

with our results.

Table 2 Univariate and multivariate analyses of time to progression and overall survival after TACE or combined TACE–RFA

Variables Time to progression Overall survival

Univariate Multivariate Univariate Multivariate

HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P HR (95 % CI) P

Age C60 1.05 (0.58, 1.88) .883 1.32 (0.57, 3.05) .521

Sex (male) 1.14 (0.53, 2.45) .741 1.63 (0.64, 4.18) .310

Child-Pugh class B 1.12 (0.44, 2.83) .818 2.09 (0.77, 5.69) .148 1.21 (0.40, 3.71) .733

HBs Ag positive 0.97 (0.43, 2.18) .939 0.47 (0.18, 1.21) .118

HCV Ab positive 2.37 (0.84, 6.72) .105 2.13 (0.74, 6.14) .162 2.06 (0.65, 7.48) .205

AFP level[200 ng/mL 1.66 (0.74, 3.72) .22 3.56 (1.37, 9.27) .009 2.60 (0.85, 7.98) .094

Tumor number (2 or 3) 1.77 (0.97, 3.21) .063 1.82 (0.98, 3.39) .058 1.24 (0.52, 2.95) .634

Tumor size ([2 cm) 1.54 (0.85, 2.80) .159 1.17 (0.63, 2.18) .621 2.09 (0.91, 4.83) .084 1.39 (0.55, 3.52) .485

Initial treatment (TACE–RFA) 0.46 (0.24, 0.87) .017 0.47 (0.25, 0.92) .027 0.17 (0.04, 075) .019 0.21 (0.05, 0.92) .039

HR hazard ratio, CI confidence interval, HBs Ag hepatitis B virus surface antigen, HCV Ab hepatitis C virus antibody, AFP a-fetoprotein
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This study shows that the combination therapy under

fluoroscopy and CBCT guidance is a safe and effective

procedure when US-guided percutaneous RFA is not fea-

sible. Most tumors (47/48, 98 %) were depicted by CBCT

after TACE, and RFA was successfully performed. A few

studies have already showed that this type of combination

therapy under fluoroscopy and CBCT guidance is techni-

cally feasible for HCCs inconspicuous at US [11, 12].

However, our study is unique in that combination therapy

was performed as a first-line therapy for the treatment of

early stage HCCs and that it compared the clinical results

of TACE monotherapy and TACE–RFA combination

therapy. CT or CT fluoroscopy can be another way to guide

RFA shortly after TACE [23, 29], but in some hospitals

like our institution, CT machines are not available for RFA

guidance because their utilization is high. Also, CT-guided

RFA tends to be time-consuming and CT fluoroscopy is

complicated by the high radiation dose delivered to the

patient and the operator. In view of safety, CT-guided RFA

for tumors located near the dome of the liver may be

associated with a high risk of pulmonary complications

(i.e., pneumothorax) because CT-guided RFA is often

performed using a transpulmonary approach [30, 31].

Instead, the use of fluoroscopy guidance allows a greater

degree of freedom for electrode insertion than US or CT

guidance, an oblique approach to a dome lesion is

straightforward under fluoroscopy guidance, and thus

subsequent occurrence of pulmonary complications by a

transpulmonary approach can be avoided [32]. The draw-

back that fluoroscopy does not provide cross-sectional

imaging with soft-tissue contrast of CT can be eliminated

by adding CBCT guidance. On the other hand, it should be

mentioned that TACE–RFA combination cannot be applied

for some HCCs of US-guided RFA infeasibility. For a

HCC near an organ vulnerable to thermal damage (i.e., the

heart) by RFA, TACE–RFA combination has the same risk

of critical thermal injury to the organ. Due to the limitation

of RFA in itself, all the three patients with a HCC locating

near the vulnerable organs (i.e., the heart) were treated with

TACE monotherapy in this study, which might have cre-

ated a selection bias.

Some limitations of our study need to be mentioned.

First, there is an inherent limitation of the retrospective

observational design. Second, the number of patients

included is relatively small. Third, historical control was

used. TACE–RFA was performed more recently with use

of CBCT, thus there is a possibility that patients in the

TACE–RFA group received more advanced medical care.

A randomized prospective study with a larger sample size

would do much to overcome these limitations, but it is not

practical to conduct such a study in view of the different

statuses of TACE and RFA in the treatment strategy of

HCC (palliative vs. curative). Fourth, a substantial portion

of the patients received multimodal treatment during fol-

low-up, which makes it difficult to analyze the therapeutic

impact of first-line therapy on final outcomes, although we

do not believe that the insistence of monotherapy in HCC is

either practical or ethical in this era of multimodal

therapies.

In conclusion, TACE–RFA combination therapy was

found to be technically feasible and superior to TACE

monotherapy in terms of 1-month tumor response, TTP,

and OS for the treatment of early stage HCC infeasible for

US-guided RFA. We recommend that this combination

strategy be considered a useful therapeutic option for

HCCs inconspicuous by conventional imaging guidance.
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