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Background/Aims: Radiofrequency ablation (RFA) has been mostly used as a therapeutic alternative to hepatic resection for 
treating liver metastasis of colorectal cancer. The purpose of the present study was to determine whether there were differences 
in outcome between RFA and surgical resection in the treatment of colorectal cancer with liver metastases. 
Methods: We performed a retrospective analysis of 53 patients who underwent only hepatic resection or only RFA for colorectal 
liver metastases. Twenty-five patients who underwent hepatic resection were compared with 28 patients who underwent RFA 
for synchronous or metachronous liver metastases. 
Results: The median CEA level at the time of diagnosis of liver metastases was significantly higher in the resection group 
(14.2 ng/mL vs. 2.8 ng/mL, p=0.002). The median size of main liver metastases was significantly larger in the resection 
group (4.0 cm vs. 2.05 cm, p=0.002). There was no difference in the percentage of patients experiencing major complication 
(one patient in each group). The marginal recurrence rate was significantly higher in the RFA group (p=0.004). Disease-free 
and overall survival were longer in the resection group (p=0.008 and 0.017, respectively). In multivariate analysis, only the 
type of treatment was a factor associated with disease-free and overall survival (p=0.004 and 0.007, respectively).
Conclusions: Because of the high marginal recurrence rate, RFA shows an inferior outcome in comparison with surgical resection. 
Therefore, RFA should be considered for only selected patients with unresectable (by any means) disease or with high operative 
risk. (Korean J Gastroenterol 2012;59:218-223)
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INTRODUCTION

Hepatic metastases develop in about 50% of patients with 
colorectal cancer.1 Therefore, the management of patients 
with colorectal liver metastasis is a therapeutic challenge for 
surgeons and oncologists.

Therapeutic modalities can be divided into surgical re-

section, non-resectional ablation techniques, and regional or 
systemic chemotherapy. Of these, hepatic resection has 
been widely accepted as the optimal first-line modality for 
treating colorectal liver metastases.2,3 Hepatic resection is a 
potentially curative treatment for patients with hepatic meta-
stases from colorectal carcinoma, and this carries a five-year 
survival rate of 32% to 58%.2,4-7 However, only about 10% of 
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all patients with colorectal liver metastases are initial candi-
dates for potentially curative resection.8

Among the non-resectional ablation techniques, radio-
frequency ablation (RFA) is the most widely used modality for 
patients who are not candidates for hepatic resection.9 
During the last decade, there has been considerable devel-
opment in the RFA techniques for oncological applications.10 
Therefore, the present study was performed to determine 
whether there were differences in outcome between RFA and 
surgical resection in the treatment of colorectal cancer with 
liver metastases.

SUBJECTS AND METHODS

Between July 2002 and April 2008, 25 patients under-
went hepatic resection and 28 underwent RFA for synchro-
nous or metachronous liver metastases of colorectal cancer 
at our hospital. Combination therapy of RFA and resection 
was excluded in the present study.

The diagnosis of liver metastasis was based on the find-
ings from imaging studies such as ultrasonography and con-
trast material-enhanced CT with/without needle biopsy. 
Chest CT and/or PET-CT were performed to evaluate the ex-
trahepatic disease. Needle aspiration biopsy was performed 
before treatment in only those patients recommended by the 
radiologist due to atypical hepatic mass enhancement. In the 
other patients, newly developed solid hepatic tumors with pe-
ripheral enhancement were considered to be hepatic 
metastases.

Our hospital had no predefined criteria of respectability 
with regard to either size or number of metastatic tumors. We 
considered hepatic resection whenever it was anticipated 
that the tumors could be completely resected (R0), more 
than two adjacent liver segments could be preserved with ad-
equate vascular flow and biliary drainage, and the estimated 
liver volume following hepatic resection would be at least 
20% of the total estimated liver volume. RFA was performed 
when co-morbidity, inadequate liver remnant or anatomical 
difficulty precluded hepatic resection or when patients re-
fused the surgery due to risk of perioperative morbidity and 
mortality. Our inclusion criteria for performing RFA for color-
ectal liver metastases were as follows: (1) No signs of peri-
toneal dissemination or loco-regional disease or any other 
distant metastases, and (2) percutaneous complete abla-

tions of the liver metastases were feasible. The study proto-
col was approved by the local ethics committee at our 
institute.

1. Hepatic resection and RFA techniques

Hepatic resection was performed simultaneously with col-
orectal surgery in 12 of 14 patients with synchronous liver 
metastasis. The other two patients with synchronous liver 
metastasis underwent delayed hepatic resection after neo-
adjuvant chemotherapy. Among 25 patients who underwent 
hepatic resection, 14 underwent anatomic hepatic resection 
of two and more segments, and additional non-anatomic re-
section was performed in five patients with a small tumor lo-
cated in the other lobe. The other 11 patients underwent 
segmentectomy.

RFA of the hepatic metastases was performed percuta-
neously under local anesthesia by an interventional radio-
logist. Before RFA, all the patients were treated under intra-
venous conscious sedation. RFA was performed using a 200 
W generator in the impedance control mode and a monopolar 
single or clustered internally cooled electrode with 3-cm ex-
posure tip (Valleylab, Burlington, MA, USA). RFA was per-
formed percutaneously under real-time sonographic guid-
ance with a 3-5 MHz convex-array transducer (Prosound 
SSD-5500SV; Aloka, Tokyo, Japan). The radiofrequency cur-
rent was applied for 12 minutes at 200 W to create a radius 
of ablation at least 10 mm larger than the largest tumor 
diameter. If the tumors were larger than 2.5 cm in the largest 
diameter, then we performed multiple overlapping ablations 
to cover the whole tumor plus a 5-mm ablative margin around 
the tumor. There was no formal written protocol in place for 
the type of electrode to use in ablation. In our experience, the 
advantage of a single electrode was ease of handling, while 
a clustered electrode enabled a larger volume of coagulation. 
A single electrode was adopted for tumors smaller than 
3.0-3.5 cm, and a clustered electrode was used for larger or 
well-located tumors. After RFA, the electrode tract was cau-
terized to minimize bleeding.

2. After hepatic resection and RFA

Contrast enhanced CT studies were performed every three 
months after resection or RFA to evaluate for intrahepatic or 
extrahepatic recurrence. In patients who underwent RFA, the 
local therapeutic and technical efficacy were evaluated by 
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Table 1. Clinicopathologic Characteristics of Patients with Liver Metastasis from Colorectal Cancer

Radiofrequency ablation (n=28) Resection (n=25) p-value

Median age, yr 61.0 (32-82) 61.0 (34-76) 0.454
Sex, male  23 (82.1)  14 (56.0) 0.038
Comorbidities  13 (46.4)   9 (36.0) 0.442
Median CEA level at diagnosis of liver metastasis, ng/mL  2.8 (1.01-310.0) 14.2 (1.38-168.1) 0.002
Detection time of metastasis 0.662
  Synchronous  14 (50.0)  14 (56.0)
  Metachronous  14 (50.0)  11 (44.0)
Location of primary cancer 0.040
  Colon  10 (35.7)  16 (64.0)
  Rectum  18 (64.3)   9 (36.0)
Number of liver metastasis 0.487
  Single  13 (46.4)  14 (56.0)
  Multiple  15 (53.6)  11 (44.0)
Median size of main tumors, cm 2.05 (1.0-4.8)  4.0 (0.7-9.7) 0.002
Post-treatment complication   1 (3.6)   1 (4.0) 1.000
Adjuvant chemotherapy  26 (92.9)  24 (96.0) 1.000

Values are presented as n (range) or n (%).
CEA, carcinoembryonic antigen.

additional contrast enhanced CT imaging one month after 
RFA, and the hypo-attenuating, non-enhancing areas ob-
served during arterial and portal phases were considered to 
be indicative of complete tumor necrosis. Adjuvant chemo-
therapy was performed in 96.0% (24/25) of patients who un-
derwent resection and 92.9% (26/28) of patients who under-
went RFA. The patients in both groups suitable for intensive 
chemotherapy received the FOLFOX (5-FU, leucovorin and ox-
aliplatin) or FOLFIRI (5-FU, leucovorin and irinotecan) 
regimen. The patients in both groups not suited for intensive 
chemotherapy received oral chemoagents (doxifluridine or 
tegafur/uracil). The follow-up period ranged from 1.2 months 
to 62.0 months, with a median of 23.0 months.

3. Statistical analysis

All of the data are presented as median values with ranges. 
The significance of the differences between the results was 
tested using the chi-square test, Fisher’s exact test, or 
Mann-Whitney test. A p-value＜0.05 was considered statisti-
cally significant. Disease-free survival and overall survival af-
ter treatment were analyzed by the Kaplan-Meier method, 
and statistically significant differences in survival were iden-
tified by the log rank test. Factors associated with overall and 
disease-free survival were analyzed with multivariate analy-
sis (type of treatment, detection time of metastases, number 
of tumors, size of main tumor) using the Cox proportional haz-
ard model. Statistical analysis was performed with a stat-

istical analysis program package (SPSS version 15.0; SPSS 
Inc., Chicago, IL, USA).

RESULTS

In the RFA and resection groups, the only oncologic clinical 
differences were CEA level and size of main tumors. The me-
dian CEA level at the time of diagnosis of liver metastases was 
significantly higher in the resection group (p=0.002), and the 
median size of the main liver metastases was significantly 
larger in the resection group (p=0.002) (Table 1).

There was one major complication in each group, so there 
was no difference in the percentage of patients experiencing 
major complications. However, one patient who underwent 
right lobectomy for a 9.7-cm metastatic tumor died from mul-
tiple organ failure caused by postoperative hepatic failure. 
One patient who underwent RFA suffered from a 10-cm sub-
capsular hematoma, which was treated by conservative 
management for two months.

For outcomes after treatment, overall recurrence rate, me-
dian time to recurrence, intrahepatic recurrence, and extra-
hepatic recurrence, there were no differences between the 
two groups. However, the marginal recurrence rate was sig-
nificantly higher in the RFA group (p=0.004) (Table 2). 
Disease-free survival was longer in the resection group 
(p=0.008), and overall survival was also longer in the re-
section group (p=0.017) (Fig. 1).
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Fig. 1. Disease-free (A) and overall survival (B) were longer in the resection group (p=0.008 and 0.017, respectively). RFA, radiofrequency 
ablation.

Table 3. Factors Associated with Disease-free Survival after Treat-
ment of Liver Metastasis from Colorectal Cancer

Variable HR 95% CI p-value

Type of treatment 0.004
  Resection 1
  Radiofrequency ablation 3.821 1.518-9.620
Detection time of metastasis 0.314
  Synchronous 1
  Metachronous 1.413 0.721-2.772
Number of tumors 0.266
  Single 1
  Multiple 1.478 0.743-2.943
Size of main tumor 0.103
  ≤3 cm 1
  ＞3 cm 2.044 0.865-4.831

Table 4. Factors Associated with Overall Survival after Treatment 
of Liver Metastasis from Colorectal Cancer

Variables HR 95% CI p-value

Type of treatment 0.007
  Resection 1
  Radiofrequency ablation 3.613 1.422-9.193
Detection time of metastasis 0.727
  Synchronous 1
  Metachronous 1.158 0.509-2.631
Number of tumors 0.327
  Single 1
  Multiple 1.503 0.665-3.397
Size of main tumor 0.094
  ≤3 cm 1
  ＞3 cm 2.168 0.876-5.363

Table 2. Treatment Outcomes of Liver Metastasis from Colorectal Cancer

Radiofrequency ablation (n=28) Resection (n=25) p-value

Total recurrence  22 (78.6)  14 (56.0) 0.079
Median time to recurrence, mo  9.0 (3.0-31.0) 14.4 (3.0-53.0) 0.081
Intrahepatic recurrence  19 (67.9)  11 (44.0) 0.080
Extrahepatic recurrence  10 (35.7)   6 (24.0) 0.354
Marginal recurrence  12 (42.9)   2 (8.0) 0.004
Median disease free survival, mo 10.0 (1.2-32.0) 24.0 (1.4-62.0) 0.008
Median overall survival, mo 24.0 (1.2-58.0) 41.0 (1.4-62.0) 0.017

Values are presented as n (range) or n (%).

In the multivariate analysis, only the type of treatment was 
a factor associated with disease-free and overall survival 
(p=0.004 and 0.007, respectively). Detection time, number 
of tumors, and size were not associated with disease-free or 
overall survival (Tables 3, 4).

DISCUSSION

RFA has been used as a therapeutic alternative to hepatic 
resection for treating primary or metastatic tumors.11,12 
During the last decade, RFA has been proposed as an alter-
native to hepatic resection for patients with limited hepatic 
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involvement or solitary liver metastasis.13,14 However, recent 
studies have indicated that RFA was associated with a higher 
recurrence and a shorter disease-free survival.15,16 The pres-
ent study also showed that the marginal recurrence rate was 
significantly higher in the RFA group, while disease-free and 
overall survival were significantly longer in the resection 
group. Local recurrence rates after RFA have been reported 
to range from 9% to 39%.7,17 In our previous study on RFA for 
hepatocellular carcinoma, although we tried to ablate the tu-
mor as much as possible, small viable portions remained, 
and the percentage of viable portions tended to be higher as 
the tumor size increased.18 The resulting local recurrences 
could be reduced by surgical resection.

Recently, technical advances, increased experience and 
improvements in preoperative and postoperative care have 
led surgeons to expand the criteria for resectability in pa-
tients with colorectal liver metastases. The criteria for resect-
ability have been expanded to include any patient with a tu-
mor that can be removed with a negative margin and with ad-
equate hepatic reserve.3 To date, although the majority of pa-
tients are not candidates for hepatic resection, it is a poten-
tially curative treatment for hepatic metastases from color-
ectal carcinoma.2,3 Therefore, it may play a key role in improv-
ing the outcome of treatment to increase the resectability for 
colorectal liver metastases.

There are several methods for increasing resectability. 
First of all, neoadjuvant chemotherapies including ox-
aliplatin or/and irinotecan have led to higher resection rates 
(up to 38%) for unresectable colorectal liver metastases.19-22 
Based on more recent data from a randomized phase II multi-
center study (the CELIM study) of unresectable colorectal liv-
er metastases that included targeted agents cetuximab, R0 
resection rates after neoadjuvant chemotherapy were 38% 
(cetuximab plus FOLFOX6) and 30% (cetuximab plus 
FOLFIRI).23 Hepatic arterial infusion (HAI) chemotherapy also 
can be used to resect previously unresectable liver meta-
stases. In one study, the resection rate was 47% after HAI with 
systemic chemotherapy for unresectable liver metastases.24

In addition to neoadjuvant chemotherapy, some surgical 
techniques to increase or preserve hepatic reserve volume 
have been introduced as a means to increase the resection 
rate. Portal vein embolization (PVE) or portal vein ligation 
(PVL) can be used to expand the resectability in patients who 
have a marginal estimated liver volume following hepatic 

resection.25 In patients with multiple and bilobar colorectal 
liver metastases, a two-staged hepatectomy with PVE or PVL 
may be the only potentially curative surgical approach with 
long-term survival.25,26 Combining hepatic resection with 
RFA also can expand the resectability as liver-directed surgi-
cal therapy; however survival was only slightly superior to that 
with nonsurgical treatment.7

The present study was retrospective in its data collection. 
There was possible bias in the selection of patients between 
the groups, because of variation in the severity of co-
morbidity, tumor size, and number of tumors. Another limi-
tation of this study is the small number of cases. A study fo-
cusing on more optimal inclusion criteria of RFA and including 
a larger number of patients is needed to be performed in the 
future.

Until now, there have not been any randomized controlled 
trials comparing RFA to surgical resection for liver meta-
stases from colorectal cancer, and most nonrandomized ret-
rospective studies including the present study have shown in-
ferior outcomes for RFA. Furthermore, there are many meth-
ods for increasing the resectability of colorectal liver 
metastases. Therefore, RFA for colorectal liver metastases 
should only be considered for selected patients with un-
resectable (by any means) disease or with high operative risk.
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