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INTRODUCTION

Ultrasound (US) is the most frequently used guidance 
modality for radiofrequency ablation (RFA) in treatment of 
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hepatocellular carcinoma (HCC). However, US-guided RFA is 
not technically feasible in many patients with early-stage 
HCCs because of unfavorable tumor location and/or poor 
conspicuity (1, 2). Computed tomography (CT) and fusion 
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imaging can be alternative guiding tools for percutaneous 
RFA, but they still have their own limitations, which 
preclude their application in some proportion of patients 
(3-5). In tumors where RFA is not feasible due to the 
lack of adequate guiding tools, conventional transarterial 
chemoembolization (cTACE) has been performed as a salvage 
treatment for tumor control and survival prolongation 
even though cTACE is generally considered as a palliative 
treatment option (6). 

Recently, ablation therapy combined with cTACE is 
gaining acceptance as an effective treatment for HCC 
(7-11). cTACE decreases blood flow to tumors, which 
reduces perfusion-mediated tissue cooling and permits 
the achievement of a larger ablation area by subsequent 
ablation (12). This strategy was initially developed for 
the treatment of intermediate and large tumors (> 3 cm) 
in which complete tumor eradication by RFA alone could 
be challenging (12). Thus, in general, although combined 
therapy is not recommended for small HCCs (13), it can 
provide a technical benefit in treating small HCCs infeasible 
for US-guided RFA. Intra-tumoral retention of iodized oil 
after cTACE provides radiographic contrast to the index 
lesion, and thus, can serve as a landmark to facilitate 
targeting an index tumor under fluoroscopic or CT guidance. 
Recently, several studies demonstrated that this strategy 
can convert RFA-infeasible tumors into RFA-feasible tumors 
in most cases (2, 14-17). However, these studies focused 
on only the technical feasibility of this method and did 
not demonstrate clinical benefit over cTACE monotherapy. 
Moreover, a recent study showed that cTACE monotherapy 
and RFA can provide comparable patients’ survival benefit 
in early HCC (18). Thus, the benefits of “additional RFA” 
when RFA becomes feasible after cTACE are still unclear. In 
this study, therefore, we compared the therapeutic efficacy 
between combined therapy and cTACE monotherapy for US-
invisible early-stage HCC.

Materials and Methods

Study Population
This retrospective study was approved by the Seoul 

National University Bundang Hospital Institutional Review 
Board. The requirement to obtain informed consent was 
waived. Our hospital database search yielded 4090 cTACE 
monotherapies and 430 combined therapies between 
January 2008 and June 2016. We selected 187 patients 
based on the following inclusion criteria: 1) treatment-

native HCC of Barcelona Clinic Liver Cancer Stage 0 or A 
(BCLC) stage 0 or A; 2) US-invisible tumor; and 3) patients 
who underwent cTACE monotherapy or combined therapy 
as a first-line treatment. Twenty patients were excluded 
for the following reasons: 1) follow-up less than 6 months 
after the procedure (n = 12) or 2) existence of other 
primary malignancy (n = 8). Finally, 167 patients with 201 
HCCs were enrolled in this study. The diagnosis of HCC 
was based on the guidelines of the American Association 
for the Study of Liver Diseases as follows: typical vascular 
pattern (hypervascularity in the arterial phase and washout 
in the portal/delayed phase) of liver nodule in at least one 
dynamic CT or MRI (19). All tumors were invisible on US 
because of their unfavorable location (n = 146; subphrenic 
location [n = 97], subcapsular location [n = 49] or iso-
echogenicity [n = 55]). 

In our institution, the treatment decision for HCC 
patients is made by a tumor board consisting of 
hepatologists, hepatobiliary surgeons, and radiologists. 
RFA is considered only when the patients are not eligible 
for surgical treatment. All candidates for RFA underwent a 
planning US examination to confirm the feasibility of the 
procedure 1–2 days in advance. In cases where the index 
tumor was not visualized on the planning US, information 
about cTACE and combined therapy including its potential 
benefits and adverse effects was given to the patients. 
The final decision for treatment was made 1 day before 
the procedure depending on the patients’ preferences. As 
a result, 85 patients with 105 tumors underwent cTACE 
monotherapy (cTACE group) and 82 patients with 96 tumors 
underwent combined therapy (combined group) as a first-
line treatment.

Characteristics of enrolled patients and their tumors 
are summarized in Table 1. The two groups were not 
significantly different in terms of etiology of liver disease, 
liver function, serum value of tumor marker, or number and 
size of the tumors.

Procedures
All procedures were performed on an inpatient basis 

by two interventional radiologists with 15 and 10 years’ 
experience in TACE and RFA at the beginning of this study. 
Written informed consents were obtained from patients 
and/or their family members before the procedures.

cTACE
A femoral arterial access was obtained with a 5-Fr vascular 
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sheath. Following this, a digital subtraction angiography 
examination was performed after catheterization of the 
celiac and superior mesenteric arteries with a 5-Fr catheter 
(RH or Cobra, Cook Medical, Bloomington, IN, USA). A 2.0 
Fr (Progreat, Terumo, Tokyo, Japan) or a 3.0 Fr (Renegade, 
Boston Scientific, Marlborough, MA, USA) microcatheter was 
then used to select the segmental or subsegmental tumor-
feeding arteries. Emulsions of iodized oil (2–5 cc; Lipiodol 
Ultra Fluid, Andre Guerbet, Aulnay-sous-Bois, France) 
and doxorubicin hydrochloride (10–30 mg; Adriamycin, 
Dong-A Pharm, Seoul, Korea) were infused. The amount of 
emulsion was decided based on tumor size and vascularity. 
The tumor-feeding artery was then embolized with gelatin 
sponge particles (Cali-Gel, Alicon, Zhejiang, China) until 
arterial flow stasis was achieved. Completion angiography 
was performed to make sure all tumor-feeding arteries were 

embolized.

Combined Therapy
In the combined group, cTACE was performed in same 

manner as was done for the cTACE group followed 
immediately by RFA in the same session. The patients 
received intravenous remifentanil and midazolam, which 
were administered incrementally from 0.05 µg/kg/min to 
0.1 µg/kg/min and 1–5 mg, respectively, until adequate 
conscious sedation was achieved per the operator’s 
discretion. Pre- or post-procedural prophylactic antibiotics 
were not routinely administered. 

Radiofrequency ablation was performed under fluoroscopic 
guidance with a flat-panel monoplane angiographic suit 
(Allura Xper, Philips Healthcare, Best, The Netherlands). We 
used a 17-gauge internally-cooled electrode with a manually 

Table 1. Baseline Patient and Tumor Characteristics 
TACE Group (n = 85) Combined Group (n = 82) P

Age (years)* 60.6 ± 10.3 60.3 ± 10.6 0.879
Male/female 59/26 60/22 0.612
Etiology (%) 0.061

Hepatitis B virus 64 (75.3) 58 (70.7)
Hepatitis C virus 5 (5.9) 15 (18.3)
Alcoholic 12 (14.1) 6 (7.3)
Non-viral & non-alcoholic 4 (4.7) 3 (3.7)

Liver function test*
AST 46.8 ± 25.2 51.0 ± 30.0 0.391
ALT 43.5 ± 39.4 45.7 ± 33.7 0.699
TB 0.97 ± 0.61 0.97 ± 0.49 0.931
Prothrombin time (INR) 1.15 ± 0.12 1.17 ± 0.17 0.359
Child-Pugh class (A/B) 76/9 77/5 0.404

Child-Pugh score (%) 0.636
5 66 (77.6) 64 (78.0)
6 10 (11.8) 13 (15.9)
7 8 (9.4) 4 (4.9)
8 1 (1.2) 1 (1.2)

AFP (%) 0.305
< 20 ng/mL 44 (51.8) 50 (61.0)
20–200 ng/mL 25 (9.4) 23 (28.0)
> 200 ng/mL 16 (18.8) 9 (11.0)

Number of tumors per patients (%) 0.407
Single 70 (82.4) 69 (84.1)
Multiple (2 or 3) 15 (17.6) 13 (15.8)

Tumor size (mm)* 19.1 ± 6.2 17.7 ± 6.0 0.093
Tumor size (diameter ≤ 2 cm/> 2 cm) 68/37 72/24 0.115
Unfavorable tumor location (%) 0.970

Subphrenic 51 (48.6) 46 (47.9)
Subcapsular 27 (25.7) 22 (22.9)

*Values are means ± standard deviations. Values are number of patients or tumors unless otherwise noted. AFP = α-fetoprotein, ALT = 
alanine transaminase, AST= aspartate transaminase, TACE = transarterial chemoembolization, TB = total bilirubin
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adjustable active tip of 0.5–3 cm (n = 56; Viva, Starmed, 
Goyang, Korea) or an expandable 10-hooks LeVeen needle 
(n = 40; Boston Scientific). Since fluoroscopy provides 
only two-dimensional information, multiple projections 
were required for three-dimensional targeting. After an 
appropriate RF electrode entry site was marked on the 
patient’s skin under US guidance (Logiq E9, GE Healthcare, 
Milwaukee, WI, USA), the RF electrode was advanced a few 
centimeters into the liver parenchyma aiming at the iodized 
oil accumulated in the index tumor under anteroposterior 
projection of fluoroscopy. On lateral and oblique projection, 
the anteroposterior direction of the electrode was adjusted. 
The electrode direction was adjusted repeatedly via 
obtaining multiple fluoroscopic projections for the RF 
electrode to reach the index tumor. For subphrenic tumors, 
an oblique approach from the lower intercostal space was 
used rather than a transthoracic approach. Maneuvers were 
done under US guidance to avoid the traversal of critical 
structures, such as large vessels and the gallbladder. After 
confirming an adequate position of the electrode, RF energy 

was applied for 8–12 minutes for each tumor (Fig. 1). At the 
end of the procedure, the electrode tract was cauterized to 
prevent bleeding and tumor seeding. 

Follow-Up and Assessment
The patients in the combined group were examined using 

contrast-enhanced CT on the day after the procedure to 
evaluate immediate therapeutic responses and procedure-
related complications. In both groups, follow-up contrast-
enhanced CT or MRI was performed 1 month after the 
procedures, and then at 2–3 month intervals. Laboratory 
tests including liver function tests and serum alpha-
fetoprotein were obtained every 2–3 months. In cases of 
recurrence, patients were offered other treatment options to 
choose from such as TACE, RFA, combined therapy, surgical 
resection, liver transplantation, or radiation therapy 
depending on their underlying liver function and recurrent 
tumor features.

Technical success of cTACE was defined as the successful 
selection of segmental or subsegmental tumor-feeding 

Fig. 1. 66-year-old man who underwent combined therapy for single early hepatocellular carcinoma. 
A, B. Contrast-enhanced magnetic resonance image shows 2.3-cm bilobed tumor (arrows) with hypervascularity in arterial phase (A) and washout 
in delayed phase (B) in right hepatic dome. C. Radiograph obtained during fluoroscopy-guided radiofrequency ablation shows expandable 
radiofrequency electrode accurately positioned at index tumor with iodized oil retention (arrow) induced by cTACE. D. One-day follow-up CT 
scan shows low attenuating ablation area (arrow) completely surrounding index tumor with iodized oil. E. Follow-up CT scan obtained 4 years 
after combined therapy shows shrinkage of index tumor without LTP (arrow). CT = computed tomography, cTACE = conventional transarterial 
chemoembolization, LTP = local tumor progression
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artery and administration of chemoembolic agents as 
planned (20). Technical success of combined therapy was 
defined as accurate RF electrode placement at the index 
tumor with iodized oil retention and ablation completed 
under fluoroscopic guidance. Technique efficacy of combined 
therapy was defined as eradication of tumor enhancement 
with a surrounding hypo-attenuating non-enhancing area 
on a follow-up CT obtained one day later (21). One-month 
tumor response was evaluated and classified according to 
the modified Response Evaluation Criteria in Solid Tumors 
(mRECIST) for HCC in both groups (22). Local tumor 
progression (LTP) was defined as any enhancing viable 
tumor located in or adjacent to the treated area where 
complete uptake of iodized oil or ablation zone was noted 
on follow-up CT or MRI. Intrahepatic distant recurrence was 
defined as development of a new tumor in the liver separate 
from the treated tumor and distant metastasis was defined 
as new extrahepatic tumor. Time to progression (TTP) was 
defined as the time elapsed between initial treatment and 
LTP, intrahepatic distant recurrence, or distant metastasis. 
Overall survival (OS) was defined as the time from either 
cTACE or combined therapy to death, and patients alive 
at the end of follow-up were censored. All patients were 
followed up for more than 6 months after the procedures.

Liver function test results including aspartate 
transaminase (AST), alanine transaminase (ALT), total 
bilirubin (TB), prothrombin time (PT) before and 1 month 
after the procedure were compared to evaluate changes 
in liver function after the procedure. Complications were 
assessed according to the guidelines of the Society of 
Interventional Radiology (21). A major complication was 
defined as an event that needed a specific therapy, an 
increased level of care, prolonged hospital stays, permanent 
adverse sequelae, or death. All other complications were 
considered minor. 

Statistical Analysis
Comparison of baseline data between the two groups 

was conducted using Student’s t test for continuous 
variables and the chi-square test or Fisher’s exact test for 
categorical data. The LTP, TTP, and OS were estimated using 
the Kaplan-Meier method and compared using the log-rank 
test. Local therapeutic efficacy including technical success, 
technique efficacy, and LTP was assessed on a tumor basis. 
Intrahepatic distant recurrence, distant metastasis, TTP, 
and OS were evaluated on a patient basis. The following 
variables were analyzed as possible prognostic factors: sex, 

age, Child-Pugh class, etiology of liver disease, tumor size, 
serum alpha fetoprotein, laboratory test results (AST, ALT, 
bilirubin, PT), and treatment group. A p value of < 0.05 
was considered statistically significant. Statistical analyses 
were carried out with commercially available software (SPSS 
version 21.0, IBM Corp., Armonk, NY, USA).

Results

Technical Success, Technique Efficacy, and 1-Month 
Tumor Response

Conventional transarterial chemoembolization was 
successfully performed in all 85 patients in the cTACE group. 
In the combined group, all index tumors became radiopaque 
after cTACE, and were successfully targeted under US and 
fluoroscopic guidance. Technique efficacy was achieved in 
all tumors of the combined group, which was evident on 
CT scans taken 1 day postoperatively and showed complete 
replacement of index tumors by ablation area. Regarding 
the 1-month tumor response, complete response (CR) was 
observed in 83 patients (97.6%) and partial response (PR) 
in 2 patients (2.4%) in the cTACE group. On the other hand, 
CR was observed in all patients in the combined group.

LTP
The mean follow-up period was 47.2 months (range: 

13–107 months) in the cTACE group and 44.1 months (range: 
9–104 months) in the combined group. During the follow-up 
period, LTP was observed in 32 tumors of the cTACE group 
(30.2%) and in 15 tumors of the combined group (15.6%). 
The 1-, 3-, and 5-year LTP rates were 12.5%, 31.7%, and 
37.0%, respectively, in the cTACE group, and 7.3%, 16.5%, 
and 16.5%, respectively in the combined group (p = 0.013) 
(Fig. 2A). Univariate and multivariate analyses revealed 
that cTACE monotherapy and tumor size greater than 20 mm 
were significant risk factors for LTP (Table 2).

TTP
During the follow-up period, intrahepatic distant 

recurrence was observed in 60 patients of the cTACE group 
(70.1%) and in 42 patients of the combined group (51.2%). 
Distant metastasis occurred in 9 patients of the cTACE group 
(10.6%) and in 7 patients of the combined group (8.5%). 
The median TTP was 18 months (range: 1–98 months) in 
the cTACE group and 24 months (range: 1–99 months) in 
the combined group. The combined group showed a longer 
TTP compared to the cTACE group (p = 0.037) (Fig. 2B). 
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Univariate and multivariate analyses revealed that cTACE 
monotherapy and the largest tumor size > 20 mm were 
significant risk factors for tumor recurrence (Table 3). 

Recurrent tumors were treated with cTACE (n = 175), RFA 
(n = 31), combined therapy (n = 41), hepatic resection (n 
= 14), liver transplantation (n = 4), and radiation therapy 
(n = 5). At the end of the follow-up period, 56 patients in 
the cTACE group (65.9%) and 57 patients in the combined 
group (69.5%) were alive without any viable tumors. 

OS
During the follow-up period, 7 patients in the cTACE 

group died of tumor progression (n = 2), hepatic failure 
(n = 2), and variceal bleeding (n = 3). In the combined 
group, there were 5 deaths caused by hepatic failure (n = 2), 
variceal bleeding (n = 2), and surgical complication after 
liver transplantation (n = 1). The cumulative OS rates at 1, 
3, and 5 years were 100%, 93.2%, and 87.7%, respectively, 
in the cTACE group, and 100%, 96.6%, and 87.4%, 
respectively, in the combined group (p = 0.686) (Fig. 2C).

Liver Function and Complication 
In the cTACE group, the changes in AST (IU/L), ALT(IU/

L), TB (mg/dL), and PT (INR) values between the 
preoperative period and 1-month after the procedure were 
1.4 ± 5.9, 1.07 ± 9.7, -0.08 ± 0.09, and -0.054 ± 0.069, 
respectively. In the combined group, the changes were 
2.3 ± 6.6, 2.6 ± 6.9, -0.02 ± 0.1, and -0.017 ± 0.024, 
respectively. The changes in liver function test results were 
not significant in either group (p > 0.05). There was no 
major complication or procedure-related death in either 
group. Minor complications included fever (12 patients in 
the cTACE group and 26 in the combined group; 14.1% vs. 
31.7%; p = 0.007), abdominal pain (14 and 25; 16.5% vs. 
30.5% respectively; p = 0.032), and urticaria (1 patient in 
each group). All the minor complications were resolved with 
conservative treatment within 3 days.

Discussion

Radiofrequency ablation is accepted as a curative 
treatment for HCC with minimal morbidity and mortality. 
However, US-guided RFA is not always feasible. Kim et 
al. (23) reported that US-guided percutaneous RFA was 
infeasible in 45 out of 136 small HCCs (33.1%). The most 
common reason for the infeasibility was tumor invisibility 
on US due to its unfavorable location, iso-echogenicity, 
or inability to discriminate it from surrounding cirrhotic 
nodules (23). New US guidance techniques such as fusion 
imaging are being introduced, but their limitations have not 

Fig. 2. Graphs showing LTP (A), time to progression (B), and 
OS (C) stratified by treatment group. OS = overall survival 
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yet been completely overcome. Since the accuracy of image 
fusion is affected by liver displacement or deformation due 
to respiratory or cardiac motion, some degree of registration 
error between real-time US and static data collection of 
CT or MRI is inevitable. Furthermore, the positioning of 
patients during a real-time US examination can differ 
from that during the acquisition of reference data sets 
(CT or MRI). Therefore, fusion imaging with current rigid 
registration can cause mistargeting and incomplete ablation 
after RFA in small tumors. In a recent study by Song et al. 
(5), approximately 40% of conventional US-invisible tumors 
could not be ablated even after image fusion. Therefore, 
several studies used combined therapy using cTACE and RFA 
to treat tumors invisible on US (2, 14, 15, 24, 25). In this 
strategy, cTACE before RFA provides radiographic contrast 
to the index tumor, which facilitates targeting index tumor 
under fluoroscopy or CT guidance. 

Previous studies using CT fluoroscopy (14) or cone-
beam CT (26) to target index tumors achieved excellent 
technical success rates (95–100%). The present study 
showed that fluoroscopy with concurrent use of US also can 
be used as a good guiding modality. CT may be better in 

localization of the index tumor compared to fluoroscopy, 
especially when intratumoral iodized oil retention is 
scanty. However, RFA was performed immediately after 
cTACE in our study and even a small amount of iodized 
oil could be successfully targeted on fluoroscopy before 
it was washed out. Furthermore, fluoroscopic guidance 
has some advantages over CT guidance, when US is added 
appropriately. First of all, the steeply oblique approach 
from the lower intercostal space can be performed more 
conveniently under fluoroscopy than under CT. This is 
important in treating subphrenic tumors, in which CT-
guided procedures tend to use the transthoracic approach 
and it is associated with frequent pulmonary complications 
(27). In our study, there was no serious diaphragmatic 
injury or pneumothorax although a substantial proportion 
of our patients had subphrenic tumors (47.9%). Secondly, 
a patient’s inability to hold their breath adequately can 
significantly degrade the quality of the CT image due to 
motion artifacts. Since fluoroscopy provides real-time 
monitoring of respiratory movements without significant 
motion artifacts, the tumor with iodized oil retention can 
be accurately targeted without breath holding. In addition, 

Table 2. Univariate and Multivariate Analyses of Risk Factors for Local Tumor Progression

Variables
Univariate Multivariate

HR (95% CIs) P HR (95% CIs) P
Age (> 60) 1.408 (0.791–2.509) 0.245
Sex (male) 0.785 (0.428–1.441) 0.435
TB (> 1 mg/dL) 1.221 (0.685–2.177) 0.499
Child-Pugh class B 1.781 (0.753–4.214) 0.189
Size (> 20 mm) 2.306 (1.298–4.095) 0.004 2.060 (1.150–3.691) 0.016
AFP level (> 200 ng/mL) 1.014 (0.472–2.177) 0.606
HBs Ag positive 0.995 (0.515–1.923) 0.989
HCV Ab positive 1.286 (0.574–2.882) 0.542
Treatment (TACE monotherapy) 2.122 (1.149–3.920) 0.016 1.871 (1.003–3.490) 0.043

CI = confidence interval, HBs Ag = hepatitis B surface antigen, HCV Ab = hepatitis C virus antibody, HR = hazard ratio

Table 3. Univariate and Multivariate Analyses of Risk Factors for Time to Progression

Variables
Univariate Multivariate

HR (95% CI) P HR (95% CI) P
Age (> 60) 1.143 (0.774–1.688) 0.501
Sex (male) 1.124 (0.731–1.729) 0.595
TB (> 1 mg/dL) 1.150 (0.772–1.714) 0.491
Child-Pugh class B 1.625 (0.843–3.131) 0.147
AFP level (> 200 ng/mL) 1.351 (0.801–2.280) 0.259
HBs Ag positive 1.085 (0.695–1.694) 0.721
HCV Ab positive 1.369 (0.776–2.417) 0.737
Largest size of tumors (> 20 mm) 1.556 (1.049–2.308) 0.028 1.039 (1.007–1.072) 0.019
Treatment (TACE monotherapy) 1.512 (1.018–2.246) 0.039 1.487 (1.001–2.208) 0.048
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fluoroscopy-guided procedures are presumably associated 
with less radiation exposure to patients and operators than 
CT-guided procedures (28). 

Since cTACE is generally recommended in intermediate 
and advanced stages of HCC, there are only a few studies 
on the therapeutic efficacy of cTACE in early stage disease. 
However, according to a recent study by Kim et al. (18), 
the therapeutic efficacy of cTACE was acceptable in US-
invisible small HCCs (5-year survival of 74.5%). Thus, 
even though the combined therapy may improve technical 
feasibility of RFA in US-invisible HCCs, the therapeutic 
benefit over cTACE monotherapy should be proven to 
support this strategy. However, there are few comparative 
studies addressing this issue. Hyun et al. (26) demonstrated 
additional gain of combined therapy over cTACE in 91 
patients with US-invisible early stage HCCs in terms of TTP 
(mean 29.7 vs. 34.9 months) and OS (3-year OS: 71% vs. 
93%). However, this study has an inherent limitation in 
that combined therapy was performed more recently and 
compared with historical cTACE data (26). The present 
study compared the two treatments performed within the 
same period minimizing the potential bias and included a 
larger population and longer follow-up. This study showed 
that combined therapy provided better local tumor control 
(5-year LTP: 37% vs. 16.5%) and TTP (mean 35.8 months 
vs. 47.4 months) compared with cTACE monotherapy. 
Multivariate analysis showed that combined therapy was a 
significant independent factor for better local tumor control 
and longer TTP. This result suggests that additional RFA is 
beneficial when US-guided RFA infeasible tumors become 
RFA-feasible after cTACE. 

Although the combined group showed better LTP and 
TTP than the cTACE group, there was no difference in OS 
between the two groups. OS can be influenced by many 
factors such as the progression of liver cirrhosis, treatment 
for recurrent tumors, and comorbidities. Therefore, better 
local tumor control might not result in better OS. In 
addition, the OS of the cTACE group (1-, 3-, 5-year OS: 
100%, 93.2% and 87.7%) seems relatively higher compared 
to those reported in previous studies. For example, Kim 
et al. (18) reported 1-, 3-, and 5-year OS rates as 97.6%, 
86.7%, and 74.5%, respectively after cTACE in patients 
with RFA-infeasible small HCCs (n = 122). Hyun et al. (17) 
reported 1-, 2-, and 3-year survival rates after cTACE in the 
same clinical setting as 91%, 79%, and 71%, respectively. 
The favorable OS of the cTACE group in our study may be 
due to aggressive multimodal treatments for recurrent 

tumors. As a result, 56 patients in the cTACE group (65.9%) 
were alive without a viable tumor at the end of the follow-
up period, which was similar to that of the combined group 
(69.5%). This suggests that subsequent treatments for 
recurrent tumors are as important as the first line therapy 
for a patients’ OS. 

This study showed that tumor size as well as treatment 
modality were significant risk factors for LTP and TTP. This 
result is not unexpected because the size of a tumor is a 
well-known risk factor for tumor progression after most 
locoregional treatments (29, 30). Many previous studies 
classified all small tumors less than 3 cm in one group (17, 
31). However, the results from our study suggest that there 
is a difference between tumors less than 2 cm and tumor 
of 2–3 cm in terms of LTP and TTP. Thus, in future studies, 
small tumors need to be further subdivided based on size 
to elucidate the association between tumor size and tumor 
progression.

In the locoregional therapy for HCCs, it is crucial to 
preserve post-treatment liver functions (32). In early 
studies regarding combined therapy, RFA was performed 
1–2 weeks after cTACE to gain time for functional recovery 
of the liver (33). However, theoretically, it is desirable to 
reduce the time interval between cTACE and RFA so that 
the effectiveness of combined therapy is maximized (34, 
35). Even though all the RFA procedures were performed 
immediately after cTACE in this study, there was no 
significant change between pre- and post-procedural 
liver function test in the combined group. Some minor 
complications such as fever and abdominal pain were more 
frequently found in the combined group. An interventional 
radiologist should be aware of this and inform the 
patients before the procedure. However, since these minor 
complications were resolved in a few days without any 
specific treatment, additional RFA after cTACE in small HCCs 
is unlikely to be seriously harmful for patients’ safety or 
interfere with future treatment plans. 

This study has several limitations, which are largely due 
to its retrospective design. First, the treatment option 
was chosen depending on patients’ preference, which in 
practice, could be influenced by the operators’ preference as 
well. This may potentially cause selection bias. For example, 
the operator might be reluctant to perform combined 
therapy depending on the intrahepatic tumor location and 
instead encourage the patient to receive cTACE by providing 
biased information. However, there was no difference 
in RFA-unfavorable location of tumors between the two 
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groups. Second, a considerable number of patients received 
various treatments for recurred tumors during the follow-
up period, which makes it difficult to assess the therapeutic 
impact of first line therapy on clinical outcomes. However, 
this problem is unavoidable as there is no definite 
guideline for such cases and controlling treatment options 
for recurred tumors is not practical even in a prospective 
study. Third, this study did not employ a US-CT/MRI fusion 
imaging technique, which has been proven to be useful 
in the treatment of US-invisible HCCs. Although this 
study demonstrated the feasibility of fluoroscopy-guided 
RFA, comparison of combined therapy using fluoroscopic 
guidance of RFA using fusion imaging techniques is needed 
to thoroughly investigate the strengths and weaknesses of 
each treatment.

In conclusion, combined therapy using cTACE followed by 
fluoroscopy-guided RFA is a safe and effective treatment 
of US-invisible early stage HCC (BCLC stage 0 or A). This 
strategy provides less LTP and longer TTP than cTACE 
monotherapy.
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