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ABSTRACT
Purpose: To investigate survival benefits and tumor treatment response among patients who received treatment with
transarterial chemoembolization (TACE) combined with radiofrequency ablation (RFA) and TACE alone. Materials
and Methods: A total of 108 HCC patients were treated with TACE between the period of 1998 and 2008. 51 (47.2%)
received TACE followed by planned RFA and 57 (52.8%) received TACE alone. 57 patients received Precision TACE
with Doxorubicin drug eluting beads and 51 received conventional TACE. Survival analysis was performed using Kaplan Meier Estimator with a log rank test, Fischer exact test was performed for categorical variables and the t test for
continuous variables. Results: Mean MELD (Model for End Stage Liver Disease) score among the TACE-RFA and
TACE-only groups were 12.87 and 12.33 respectively (p = 0.64). The number of patients in Child’s Class A, B, C in the
two groups were 28/15/8 and 23/23/11 (p = 0.30); in Okuda Class I, II and III in the two groups were 22/23/6 and
14/30/9 (p = 0.2). Median survival among patients who received TACE-RFA and TACE alone were 566 days and 209
days (p = 0.01). Median survival of patients treated with Precision-TACE + RFA was 566 days and that of patients
treated with conventional TACE + RFA was 336 days (p = 0.510). Mean progression-free duration by RECIST criteria
among the TACE + RFA group was 210 days vs. TACE only group 97 days (p = 0.04). Conclusion: Combination
therapies of TACE and RFA were associated with improved overall survival than TACE alone. Patients with single
tumors <5 cm appeared to have a survival advantage with combination therapy when compared to larger tumors.
TACE-RFA was associated with improved tumor response and progression-free duration than TACE alone.
Keywords: TACE; RFA; Survival; RECIST

1. Introduction
Hepatocellular carcinoma (HCC) is a highly fatal malignancy and is in fact the third most common cause of
cancer deaths in the world [1]. Though it is not a common cancer in the US, its incidence has been increasing
and has almost doubled in the last two decades [2]. The
rising incidence poses challenges to the clinician as a
definitive cure is still not in sight. Though orthotopic
liver transplantation and surgical resection are the two
potentially curative modes of treatment for HCC only,
5% - 37% of HCC patients are actually eligible for surgical cure [3,4]. Recent advances in the treatment of
*
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HCC have led to the availability of various locoregional
therapeutic options for those who are ineligible for surgery [5-7]. Image guided delivery of chemotherapeutic
agents directly into the vessels supplying the tumor (TACE)
and local radio ablative procedures (RFA) have revolutionized the treatment of unresectable HCC [8].
TACE is generally preferred for large and multifocal
tumors while RFA is preferred small and oligonodular
HCC. In a prospective randomized trial by Kenneth et al.
it was demonstrated that TACE and RFA have comparable efficacy and survival benefit in patients with unresectable HCC [9]. But both modalities have their own
inherent advantages and disadvantages. Combination
therapy of TACE and RFA has been tried in an attempt
to counterbalance their limitations and enhance their efJCT
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ficacy [10-13]. One of the limitations of RFA is that the
heat generated from the probe is dispersed, via the rich
vascular supply of the tumor, from the target area to the
non-tumorous areas [14]. Performing TACE prior to
RFA can lead to tumor devascularization which, it is hypothesized, can lead to all the heat generated to be confined to the tumor area. Thus the devascularization and
thermal ablation can synergistically lead to increased tumor necrosis [15].
Studies have already proposed a synergistic action of
combination TACE-RFA in HCC [10,13,16,17]. To test
the above hypothesis we have undertaken a comparison
of the survival benefits and tumor response among HCC
patients treated with a combination of TACE-RFA against those treated with TACE alone.

2. Materials and Methods
2.1. Patient Selection
The study was approved by our institutional review board.
Consecutive patients with HCC who underwent transcatheter chemoembolization (TACE) in our Institution
over a period of ten years (June 1998 to June 2008) were
reviewed. Inclusion criteria for the study were as follows:
1) TACE was performed with Doxorubicin eluting beads
or conventional chemoembolization; 2) Planned RFA was
performed within 1 week of TACE. Exclusion criteria
were: 1) Patients who underwent resection or transplant; 2)
Patients who received bland embolization, radioembolization with Y-90; 3) Patients who received therapy with
more than one type of embolic agent.

2.2. Pre-Procedure Imaging
All patients underwent CT or MR imaging within 1
month before the procedure to assess tumor burden and
presence of portal vein thrombus. Number, size and location of tumors were recorded. In this study, HCC with
more than 5 discrete nodules is referred to as diffuse tumor. Mean tumor size was calculated by the sum of the
longest diameter of all measurable tumors. Presence of
portal vein thrombus, its location, nature and extent were
also noted down.

2.3. Procedure
All TACE and RFA were performed by the same interventional radiologists. TACE was performed by introducing the catheter through femoral artery according to
the Seldinger technique under local anesthesia. Celiac
and Mesenteric arteriogram were obtained to assess arterial vascularization of the liver and to evaluate portal
vein patency. The chemotherapeutic agents were infused
into the hepatic artery which feeds the tumor. Conventional TACE was performed by introducing a mixture
Copyright © 2013 SciRes.

100 mg Adriamycin, 100 mg of Cisplatin and Ethiodol.
Those who underwent Precision TACE received LC
beads impregnated with 50 mg of Doxorubicin. In both
cases PVA particles (size 300 - 500, 500 - 700) were
used to attain stasis in the tumor feeding artery. After embolization arteriogram was obtained to confirm vascular
occlusion and to assess blood flow in other vessels. All
patients were kept under observation for a period of 24
hours and analgesia administered as necessary.
In those who received combination therapy, RFA was
planned and performed within a week after TACE. Appropriate anesthesia and sedation were used during the
procedure. Radiofrequency ablation was performed using
RITA prongs or Valley Lab RFA electrode under image
guidance by the open or percutaneous route depending
on the size and location of tumors. The ablation area included the tumor and is up to 1.0 cm of the surrounding
tissue. The track was ablated during withdrawal.

2.4. Follow-Up
Four to six weeks after the transcatheter therapy/RFA patients underwent cross-sectional imaging (contrast material-enhanced computed tomography [CT] or magnetic
resonance [MR] imaging). Comparison was made with
the pre-procedure imaging and patients with residual or
new tumor underwent repeat TACE. Patients who had no
evidence of tumor enhancement underwent screening
with repeat imaging performed every 3 months. If marginal recurrences or new tumors were identified, patients were treated again.

2.5. Study Endpoints
The primary end point of the study was survival and the
secondary was tumor response. All patients were followed up unto death or to the date of last follow-up. Tumor response was assessed using RECIST criteria-CR
(complete response) = disappearance of all target lesions;
PR (partial response) = 30% decrease in the sum of the
longest diameter of target lesions; PD (progressive disease) = 20% increase in the sum of the longest diameter
of target lesions; SD (stable disease) = small changes that
do not meet above criteria [18-20]. The duration of overall
response was measured from the time that measurement
criteria are met for complete response or partial response
(whichever status is recorded first) until the first date that
recurrent or progressive disease is objectively documented.

2.6. Statistics
Survival time is defined as the time from the date of first
embolization to the date of death or last follow-up. Survival analysis was performed using Kaplan Meier Estimator and Cox proportional Hazard model. Death from
any cause was considered as the censoring event. SurJCT
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vival time in the different groups was compared using the
Log rank test. Pearson Chi square test and Fisher exact
probability were used to compare the distribution of categorical variables. Independent t tests were used to compare
means of continuous variables. The software SPSS Graduate version 16.0 was used for all computations.

received TACE alone. A total of 176 TACE procedures
were performed in the 108 patients. Fifty-six patients received single session of transcatheter therapy and fifty one
received multiple sessions. Demographic and clinical characteristics of the patients are described in Table 1. There
were no significant differences in the variables considered
including demographics, liver function and tumor burden.

3. Results
3.1. Patient Selection

3.2. Survival

A total of 108 patients met the inclusion criteria and were
included in the study, 51 (47.2%) patients received
TACE followed by planned RFA and 57 (52.8%) patients

At the end of the chosen study period 70.17% (40/57) of
patients in the TACE alone group and 60.78% (31/51) of
the patients in the TACE-RFA group suffered mortality.

Table 1. Demographic and clinical characteristics of study group.

Age at Diagnosis (yrs) Mean(SD)

Overall

TACE + RFA

TACE

p value

60.21 (11.44)

61.69 (9.41)

58.89 (12.93)

0.207

42 (73.6%)
15 (26.3%

0.922

41 (71.9%)
8 (14.0%)
8 (14.0%)

0.355

22 (38.5%)
8 (14.0%)
7 (12.2%)
6 (10.5%)
14 (24.5%)

0.816

23 (40.3%)
23 (40.3%)
11 (19.2%)

0.313

Sex
Male
Female

80 (74.1%)
28 (25.9%)

38 (74.5%)
13 (25.4%)
Race

White
Black
Other

71 (65.7%)
18 (16.7%)
19 (17.6%)

HCV1
HBV2
ALD3
Cryptogenic Cirrhosis
Others

43 (39.8%)
14 (12.9%)
14 (12.9%)
15 (13.8%)
22 (20.3%)

30 (58.8%)
10 (19.6%)
11 (21.5%)
Etiology
21 (41.1%)
6 (11.7%)
7 (13.7%)
9 (17.6%)
8 (15.7%)
Child Pugh Class

A
B
C

51 (47.2%)
38 (35.1%)
19 (17.5%)

28 (54.9%)
15 (29.4%)
8 (15.6%)
Okuda Staging

I
II
III

36 (33.3%)
53 (49.0%)
15 (13.8%)

22 (43.1%)
23 (45.1%)
6 (11.7%)

14 (24.5%)
30 (52.6%)
9 (15.7%)

0.195

MELD Score Mean (SD)

12.50 (5.07)

12.33 (4.44)

12.65 (5.65)

0.753

Tumor Burden
Uninodular
Multinodular (2 - 5)
Diffuse (>5)

56 (51.8%)
28 (25.9%)
24 (22.2%)

29 (56.8%)
16 (31.3%)
6 (11.7%)

27 (47.3%)
12 (21.0%)
18 (31.5%)

0.342
0.274
0.006

Mean Size (SD)

5.85 cm (4.34)

5.42 cm (3.84)

6.35 cm (4.86)

0.332

Uninodular
Single Tumor < 5 cm
Single Tumor < 3 cm

32 (29.6%)
19 (17.5%)

17 (58.6%)
11 (37.9%)

15 (55.5%)
8 (29.6%)

0.527
0.801

Multinodular
<5cm
5 - 8 cm
>8 cm

10 (35.7%)
14 (50.0%)
4 (14.3%)

4 (25.0%)
10 (62.5%)
2 (12.5%

6 (50.0%)
4 (33.3%)
2 (16.7%)

0.294

Copyright © 2013 SciRes.

JCT

496

Chemoembolization Combined with RFA for HCC: Survival Benefits and Tumor Treatment Response

Median survival among patients who received combination TACE + RFA was 566 (152 - 980) days and it was
209 (12 - 425) days in those treated with TACE alone (p =
0.01) (Figure 1). Survival rates at 1, 2 and 3 years
among patients who received TACE + RFA and TACE
alone were −53%, 44%, 30% and 35%, 15%, 7% respectively.
A sub-stratification analysis was performed comparing
survival rates among patients who received Precision
TACE and Conventional TACE. Median survival of patients treated with Precision-TACE +RFA was 566 (95%
CI 109 - 1023) days and that of patients treated with
conventional TACE + RFA was 336 days (95% CI 28 643) days (p = 0.510). Among the patients who received
Precision TACE alone median survival was 295 (95% CI
12 - 590) days and among those who received conventional TACE alone it was 114 (95% CI 12 - 275) days (p =
0.458).

tumor size no significant difference was found (p =
0.427).

3.3. Tumor Treatment Response

3.5. Size of Tumors

In the group of patients who received only TACE
19.29% (10/57) and in the group that received TACERFA 3.88% (3/51) showed progressive disease by RECIST criteria in the initial follow up imaging at 4 - 6
weeks after therapy (p = 0.015). Mean progression-free
duration by RECIST criteria among the TACE-RFA
group was 210 (SD 312) days and the same among those
who received TACE alone was 96 (SD 157) days (p =
0.001). In the TACE-RFA group, mean progression-free
duration among patients with single tumor was 280 (SD
369) days and was 49 (SD 42) days among patients with
multiple tumors. When progression free duration was
compared amongst the TACE-RFA group stratified by

The patients with single tumor were sub-stratified into
those with tumor size <5 cm and >5 cm. Median survival
among patients with tumor size <5 cm among the patients treated with combination TACE-RFA was 808
(95% CI 468 - 1147) days and among those treated with
TACE alone was 295 (95% CI 126 - 464) days (p =
0.049) (Figure 2). Median survival was not significantly
different between patients treated with combination TACERFA and TACE alone when stratified by mean tumor
size as, 5 - 8 cm or >8 cm (p = 0.581) (Table 2).

Figure 1. Kaplan Meier survival curves showing improved
survival in patients treated with combination TACE-RFA
(Transarterial chemoembolization-Radiofrequency ablation)
versus TACE alone.
Copyright © 2013 SciRes.

3.4. Number of Tumors
On subgroup analysis of survival among patients with a
single tumor, those who received combination therapy
with TACE and RFA had a median survival of 808 (95%
CI 472 - 1153) days and those who received TACE alone
had a median survival of 334 (95% CI 280 - 388) days (p =
0.115). Among patients with multinodular HCC, median survival in the combination TACE-RFA group was
100 (95% CI 12 - 268) days and among the TACE alone
group it was 403 (95% CI 93 - 712) days (p = 0.321).
Median survival in patients with diffuse tumor (>5 nodules) treated with combination TACE-RFA was 345
(95% CI 12 - 1000) days and among those treated with
TACE alone it was 57 (95% CI 11 - 102) days (p =
0.019).

3.6. Complications
All patients experienced one or more minor complications like pain, nausea and loss of appetite which were

Figure 2. Kaplan Meier survival curves comparing survival
in patients with single tumor treated with combination TACERFA (Transarterial chemoembolization-Radiofrequency ablation) versus TACE alone with patients stratified by tumor
size.
JCT
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Table 2. Survival analysis stratified by tumor number and cumulative size.
Days (95% CI)

Overall Survival

Survival TACE-RFA

Survival TACE Alone

p value

Uninodular
Single tumor < 5 cm
Single tumor > 5 cm

408 (97 - 719)
566 (35 - 1097)
336 (226 - 445)

808 (472 - 1153)
808(468 - 1147)
336 (12 - 902)

334 (280 - 388)
295 (126 - 464)
334 (217 - 451)

0.115
0.049
0.765

Multinodular
<5 cm
5 - 8 cm
>8 cm

251 (28 - 473)
388 (167 - 610)
239 (34 - 444)
433 (12 - 960)

100 (12 - 268)
288 (12 - 595)
251 (12 - 651)
62 (22 - 102)

403 (93 - 712)
494 (12 - 712)
114 (12 - 338)
403 (90 - 712)

0.320
0.642
0.570
0.090

self-limited and managed with supportive care. Five patients suffered procedure related mortality, due to liver
failure. Four of them belonged to Child Class C. No significant differences in incidence of adverse effects were
noted between the TACE-RFA and TACE alone group as
illustrated in Table 3.

4. Discussion
In our study, combination therapy with TACE and RFA
shows both increased survival and better treatment response than treatment with TACE alone. Prognostic factors affecting survival in patients with unresectable HCC
have been published before including one from this study
group [21]. Tumor stage and liver dysfunction are the
usual factors which influence outcome. In the current
study the patients treated with TACE-RFA or TACE
alone were found to have comparable liver reserve (as
assessed by Child Pugh score and MELD score), comparable tumor staging (as assessed by Okuda staging)
and comparable tumor burden (assessed by tumor size
and multiplicity).
In this study, when survival curves between the TACERFA group and TACE alone group were compared it was
seen that the combination therapy significantly prolonged
overall survival. A prospective randomized controlled
trial by Cheng et al. demonstrated a similar survival benefit of combination TACE-RFA therapy over TACE
alone (HR = 1.87, 95% CI, 1.33 - 2.63), in patients with
unresectable HCC larger than 3 cm in size [10]. Another
study Liao et al. in 36 patients with unresectable HCC
also showed survival benefit of combination TACE-RFA
over untreated historical control [12]. A recent metaanalysis also concluded that combination therapy improved survival over TACE alone [22]. While most of
these studies included patients with unresectable HCC
another study by Kagawa et al. included patients within
Milan criteria who were treated with combination TACERFA. They showed improved survival with the combination therapy when compared to surgical resection
[23].
We have used the term TACE as an umbrella term to
describe both Drug eluting beads and conventional TACE.
Copyright © 2013 SciRes.

When we compared the groups treated with Precision
TACE-RFA and Conventional TACE-RFA in terms of
survival and tumor response we did not find any significant differences between the two techniques. Most of the
studies in literature have studied Conventional TACE in
combination with RFA. But a recent Italian study in a
small group of patients has shown that drug eluting beads
enhance the effects of RFA leading to better tumor response [14]. But we did not find any study which compared the two techniques. Though statistical significance
has not been achieved we observed a trend that Precision
TACE was better than Conventional TACE when combined with RFA. The relatively small size of the study
group is probably decreasing the predictive power. Since,
in a study comparing DEB-TACE versus conventional
TACE alone from the study group, we have shown survival benefit with DEB-TACE [24].
The tumor response to treatment has been assessed, in
our study, using RECIST criteria. The duration for which
the intrahepatic disease remained stable is significantly
longer in the TACE-RFA group. This probably reflects
the increased tumor necrosis obtained by the synergistic
action of the combination therapy. In a study by Cheng et
al., TACE-RFA was shown to demonstrate better tumor
response than TACE alone when tumors were stratified
by both multiplicity and size [10]. Gaspirni et al. observed that when TACE was sequentially followed by
RFA, 100% tumor necrosis was attained in single tumors
<5 cm, 95% in multifocal tumors with tumor mass <40%
of liver volume and 90% necrosis in multifocal tumors
with tumor mass >40% of liver volume [11].
Animal studies have also shown increased tumor necrosis with combination TACE-RFA [25-27]. Ahmed et
al. [26] studied this combination therapy in by implanting mammary adenocarcinoma cells in Fischer rats. They
showed that combination RFA and embolotherapy increased tumor necrosis when compared to either treatment alone. The intratumoral dose of Doxorubicin was
also found to be higher in combination therapy. Monsky
et al. [28] demonstrated that this increase in necrosis
occurs in peripheral zones which are exposed to sublethal
hyperthermia. It has been proposed that the chemotherapeutic agent synergistically increases the hyperJCT
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Table 3. Complications after TACE-RFA and TACE.
Toxicity

Overall

TACE-RFA

TACE

p value

Grade 3 Bilirubin
Toxicity
(>4.5 mg/dl)

17 (15.7%)

Grade 3 Albumin
Toxicity
(<2 gm/dl)

15 (13.9%)

4 (7.8%)

AST > 300 U/L

7 (6.5%)

2 (3.9%)

5 (8.8%)

0.447

ALT > 200 U/L

3 (2.8%)

1 (1.96%)

2 (3.5%)

0.542

7 (13.72%) 10 (17.5%) 0.610

11 (19.3%) 0.101

thermia induced lipid peroxidation and free radical generation, which translate into increased necrosis. Heat induced increased vascular permeability is said to play a
role in augmenting intratumoral drug concentration.
When the study group was stratified by number and
size of tumors it was observed in our study, that survival
benefit of combination TACE-RFA was significantly better in those with single tumor <5 cm in size. Similar results have been reported in another study where, complete necrosis was attained in a significantly higher proportion of patients with tumor size <5 cm than in those
with tumors larger than 5 cm when treated with TACERFA [13]. The combination therapy is also seen to result
in longer survival in patients with diffuse (>5 nodules)
tumor. As mentioned in Table 1, the distribution of diffuse tumors between the two arms of treatment is significantly different with more patients receiving TACE
alone. So the results are confounded by patients with
lesser tumor burden receiving the combination therapy
more often.
One of the chief concerns of combination therapy is
that it might lead to further decline in liver function. We
compared the rate of complications between the two
arms of treatment and did not find any significant differences. In Child Class A no major complications, like
death or hepatic failure, were recorded in TACE-RFA or
TACE only groups. Minor complications like fever and
nausea were common but self-limited. Most of the patients who developed liver failure belonged to Child class
C, so the failure can itself be attributed to the natural
course of the disease. No significant differences were
found in the complication rate between TACE-RFA and
TACE alone in the study by Cheng et al. either [10].
The chief limitations of this study are its retrospective
design and relatively small size of the study group. Though
the two groups were not prospectively matched, they are
statistically similar for tumor and liver factors which add
strength to our results. We have used the RECIST criteria
to assess tumor response, which is a standard and widely
used classification. These criteria allow objective assessment of the change in tumour burden which is a crucial
component in the evaluation of cancer therapeutics. And
Copyright © 2013 SciRes.

using such standard criteria also facilitates comparison
between clinical trials. However, it does not take into
account tumor viability factors, which are crucial for response assessment. Finally, this is a single-center study
from a referral unit, which leads to limited diversity in
the demographics. But overall the study adds to the literature on this important aspect of HCC treatment. And
we bring up some interesting observations regarding tumor size and safety in advanced tumors. Our study is also
unique in including patients treated with DEB TACE and
RFA, most other studies have only reported on conventional TACE.

5. Conclusion
In patients with HCC, combination therapy with TACE
and RFA leads to longer survival and progression free
duration than treatment with TACE alone. Patients with
single tumors <5 cm appeared to have a survival advantage with combination therapy when compared to larger
tumors. The safety profile of the combination therapy is
similar to treatment with TACE alone. Multimodality
therapy appears to be a safe and effective option that can
be included in the armamentarium of palliative treatments for HCC.
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