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Purpose: The purpose of this study was to assess the
efficacy and safety of radiofrequency ablation (RFA) to
treat hepatic metastasis in patients with colorectal carci-
noma.

Materials and Methods: Between May 1999 and July
2002, a total of 45 tumors in 24 patients with colorectal
cancer were treated with RFA. Thirteen patients received
systemic chemotherapy after the RFA procedure. The
ablation was performed percutaneously under ultrasound
guidance using cool-tip or expandable electrodes and an
RF generator. The medical records as well as the CT scan
results taken every 3 months were retrospectively re-
viewed.

Results: The median follow-up duration of the surviving
patients was 11.7 months (4.6 ~ 32.2 months). Complete
tumor necrosis was achieved in 17 patients (70.8%) on
an immediate (<24 hrs) CT scan. The median survival

INTRODUCTION

The liver is a common site of distant metastasis in patients
with colorectal carcinomas. Surgical resection of hepatic metas-
tasis has been considered the only potentially curative treatment
for patients whose metastases are isolated to the liver. Unfor-
tunately, fewer than 20% of patients with liver only metastasis
are eligible for curative resection (1~ 3). Therefore, novel
treatment approaches to control and potentially cure liver
disease are needed.

Radiofrequency ablation (RFA), a localized thermal treatment
technique designed to produce tumor destruction by heating
tumor tissue to temperatures exceeding 50°C, has been used as
a treatment for primary and metastatic liver tumors, as well as
a variety of other neoplasms, including osteoid osteoma, renal
cell carcinoma, thyroid carcinoma, bone metastases and lung
carcinoma (4~ 17). Ablative therapies based on the principle
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was 17.1 months. The 1- and 2-year survival rates were
80.5 and 25.8%, respectively. In a univariate analysis, com-
plete necrosis, tumor size and post-RFA chemotherapy
were significant factors for survival. Nineteen of the 24
patients developed a recurrence or progressed (79.2%).
The median progression free survival was 5.5 months.
There were no treatment related deaths or serious adverse
effects, with the exception of one case of respiratory failure.

Conclusion: These results suggest that RFA is a
well-tolerated and effective method to treat hepatic me-
tastasis in colorectal carcinomas. (Cancer Research and
Treatment 2004;36:128-131)

Key Words: Radiofrequency ablation, Hepatic metas-
tasis, Colorectal neoplasm

that decreasing the volume of a viable tumor, or preventing new
growth, can lead to longer survival and potential cure in sele-
cted patients, provided a diffuse micrometastatic disease is not
present. Currently, RFA is increasingly used to treat patients
with inoperable colorectal liver metastases. This modality is
considered safe and effective. However, the role of RFA still
remains unclear.

The aim of this study was to describe the results of RFA
in patients with hepatic metastasis of colorectal carcinomas.

MATERIALS AND METHODS

1) Patients

Between May 1999 and July 2002, a total of 24 patients with
colorectal cancer were treated with RFA for metastatic hepatic
tumors at Hanyang University Hospital. Patients underwent a
baseline evaluation, including a history, physical exam, CBC,
blood chemistry, chest X-ray and CT scans of the abdomen and
pelvis. The blood tests were repeated within 7 days of the RFA
procedure. A CT scan was initially obtained within 1 day, and
then every 3 months up to 2 years. The medical records of
these patients were retrospectively reviewed. All patients signed
written informed consent.
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2) RFA procedure

RFA was performed percutaneously with ultrasound-gui-
dance under local and conscious sedation using lidocaine and
demerol, respectively. All RFA procedures were performed by
one radiologist (H Rhim). An expandable, 15-gauge, RF elec-
trode (Monoploar 3D & StarBurst; RITA, MountainView, CA)
and internally cooled, 18-gauge, RF electrodes (Cool-tip; Radio-
nics, Burlington, MA) were used to apply RF energy to the
tumors. The expandable electrodes were used for 18 patients
during the early period, while the Cool-tip electrodes were used
for 6, as from November 2001. RF ablation was performed with
real-time US guidance using free-hand techniques. After
cleaning the skin with iodized alcohol, the RF electrode was
inserted into the tumor. Grounding was achieved with one or
more grounding pads placed on the skin. The target volume for
the ablation was defined as the entire tumor, with at least a
0.5 cm ablative margin of apparently normal hepatic tissue
surrounding the tumor. For tumors larger than 3 cm in diam-
eter, multiple overlapping ablations were often performed. After
ablation, the electrode was removed without cauterization of the
tract. Each ablation lasted for 7~ 15 minutes according to the
device and target ablation volume. The mean total procedure
time was 60 minutes per session, including tumor localization,
treatment, electrode removal and immediate post-procedural
US. A dynamic contrast-enhanced CT scan was performed
within 12 hours of the procedure to assess the completeness
of the ablation and to look for complications. If there was
residual tumor on an immediate CT, repeat RF ablation was
performed. Additional CT scans were obtained every 3 months
after the procedure to look for evidence of residual or recurrent
tumors. A systematic review of post therapeutic CT scans was
performed to detect not only recurrence of tumor within the
liver, but also for an extrahepatic malignancy.

3) Statistical analysis

The end points of this study were to evaluate the rates of
recurrence and complications of RFA. The time to progression
was defined as the time between the date of the RFA and the
occurrence of disease progression. Survival was measured from
the date of the RFA to the date of death or the last follow-up visit.
Survival curves were estimated by the Kaplan-Meier method.

RESULTS

1) Patient characteristics

There were 13 male (54.2%) and 11 female (45.8%) patients,
with a median age of 63.0 years, ranging from 29 to 77 years.
A total of 45 metastatic hepatic tumors, in 24 patients with
colorectal cancer, were treated with RFA. RFA was used to
treat a single tumor in 11 (45.8%), two tumors in 7 (29.2%),
three tumors in 4 (16.7%) and four tumors in 2 patients (8.3%).
The median largest diameter of the tumors treated RFA was
34 cm (1.7 13.0 cm). 14 and 10 patients had tumors less than
and larger than 4 cm, respectively.

All patients had undergone complete or palliative primary
tumor resection prior to the initial RFA procedure. Four
(16.7%) of the 24 patients underwent resection of liver metas-
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tases and 18 (75.0%) received systemic chemotherapy prior to
the RFA. Thirteen patients received chemotherapy after the
RFA. Eight patients were treated with an oxaliplatin based regi-
men (the median cycles: 6), two with an irinotecan based regi-
men and three received S5-fluorouracil.

2) Efficacy and survival

The RFA results are summarized in Table 1. The rate of
complete necrosis was significantly high in patients with tumor
less than compared with those larger than 4 cm (p<<0.05). The
median progression free survival (PFS) and 1-year PFS were
5.5 months and 23.9%, respectively. The achievement of
complete tumor necrosis was also an important factor for PFS
(median PFS: 7.9 months vs. 3.0 months, p=0.048), but the
number of metastasis or size of the tumor was not correlated
to the PFS.

The median overall survival (OS) was 17.1 months. The 1-
and 2-year survival rates were 80.5 and 25.8%, respectively. In
the univariate analysis, complete tumor necrosis, tumor size and
post-RFA chemotherapy proved significant factors for survival.
The median survival of the patients with complete tumor
necrosis was 17.5 months, whereas this was 12.8 months for
the incomplete group (p=0.039). The median survival of the
patients with tumor less than 4 cm was not reached, compared
with the 12.2 months for those with tumors larger than 4 cm
(p=0.008, Fig. 1). The patients who received post-RFA chemo-
therapy also had a significantly longer survival (median OS
20.5 months vs. 12.8 months, Fig. 2). However, the number of
metastases did not influence the overall survival.

Twelve of the 24 patients died. The most common cause of
death was disease progression, which occurred in 11 patients,
and one patient died of complications due to chemotherapy.

3) Complications

Neither death nor serious adverse effects related to RFA were
seen. Only 1 patient developed respiratory failure after RFA,
but recovered completely with intensive medical care. The

Table 1. Results of radiofrequency ablation

17 (70.8%)
1.21 (range: 1~ 2)

Complete tumor necrosis
Treatment sessions (mean)
Hospital stay (days)

Median (range) 7 2721)
Post-RFA chemotherapy
Yes 13 (54.2%)
No 11 (45.8%)
Recurrence or progression 19 (79.2%)
Local 12
Distance 2
Local+distance 5
Complication of RFA
Pain 15 (62.5%)
Fever 3 (12.5%)
Nausea/vomiting 2 (8.3%)
Elevation of liver enzyme 24 (100%)
Elevation of total bilirubin 13 (54.2%)
Respiratory failure 1 4.2%)
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Fig. 1. Overall survival based on the tumor size.

serum liver function tests (ALT and AST) were transiently
elevated after RFA, but returned to baseline levels in most
patients. The serum bilirubin levels rose in 13 patients (54.2%).
Fever developed in 3 patients (12.5%), but no cases developed
a hepatic abscess (Table 1).

DISCUSSION

Surgical resection remains the gold standard therapy for
colorectal liver metastasis, but only a small portion of those
patients are eligible for resection. Extrahepatic or multiple
metastasis involving both lobes, and metastatic lesions in proxi-
mity to major blood vessels and the biliary structure preclude
achieving an adequate margin. These patients may be candi-
dates for local ablative techniques, hepatic-directed techniques
or systemic chemotherapy.

Non-surgical, image-guided techniques for the ablation have
recently generated much interest as they can be minimally
invasive, easily repeated and safe. RFA is one of the most
promising thermal ablation techniques. Since RFA was applied
to liver tumors in the 1990s, its prevalence has rapidly increa-
sing as an alternative or adjunctive to excision. However, the
adequate role of RFA in the patients with metastatic colorectal
cancer remains to be determined.

There have been a few studies on RFA in hepatic metastases
from colorectal cancer. Solbiati et al (16) reported the results
of RFA to treat 179 hepatic metastases in 117 patients with
colorectal carcinomas. In the afore mentioned study, the median
survival was 36 months and the 1, 2 and 3-year survival rates
were 93, 69 and 46%, respectively, which were better than ours
(median survival: 17.1 months, 1 and 2 year survival rates: 80.5
and 25.8%, respectively). The reasons for this discrepancy in
the treatment outcomes may have been that our study showed
a lower rate of complete necrosis of tumors compared with the
study of Solbiati et al (70.8 vs. 100.0%). Generally, the rate
of complete necrosis was related to tumor size. In our study,
the rate of tumors larger than 4 cm was 41.7%, but of Solbiati’s
was only 10.6%. In addition, the results of Bleicher (18) also
demonstrated that tumor size was the most significant factor in
local recurrence. Although, there is no clear consensus regar-
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Fig. 2. Overall survival based on post-RFA chemotherapy.

ding the size and number of lesions, most investigators consider
5 cm diameter tumors to be the maximum size that should be
treated with RFA.

The clinical results of RFA for metastatic lesions are difficult
to analyze for several reasons. First, most reported studies have
involved different histologies and characteristics of the tumors.
Second, different equipment and techniques are used for RFA.
Third, many studies have combined RFA with other treatment
modalities, such as an operation, chemotherapy and other
techniques.

Currently, there is no standard therapeutic approach after a
hepatic resection or RFA of colorectal metastasis. To treat
suspected micrometastases in the remaining liver, and prevent
extrahepatic spread, a reasonable approach involves the use of
a combination of regional therapy, such as a hepatic arterial
infusion (HAI) of chemotherapy, and systemic chemotherapy.
Kemeny (19) investigated the effect of HAI with systemic
chemotherapy after a hepatic metastatectomy. In this study, the
use of HAI plus systemic chemotherapy not only decreased the
rate of hepatic recurrence, but also improved the two-year
overall survival compared with the use of systemic therapy
alone. In another recently reported study (20), adjuvant sys-
temic and HAI chemotherapy was compared with no adjuvant
therapy following a hepatic metastatectomy, and the hepatic
recurrence rate was significantly decreased in the chemotherapy
arm. However, there was no significant difference in the me-
dian survivals. In our results, post-RFA chemotherapy was a
significant prognostic factor for the overall survival. Although
our results can not be used to determine the role of systemic
chemotherapy after RFA, recently, new agents have been
developed for colorectal cancer, promising results. It is our
opinion that systemic chemotherapy after RFA may be needed.

CONCLUSIONS

This study suggested that RFA as a treatment for metastatic
hepatic tumor in colorectal cancer was a safe, well-tolerated and
effective modality. Although unlikely to be curative, RFA may
be important for palliation and relief of symptoms and for
improving the quality of life, in addition to increasing the
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survival in selected patients.
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