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Abstract The liver is the major site of metastasis of primary
colorectal cancer. Hepatic resection (HR) is considered the
standard treatment for colorectal liver metastasis. In high-
risk cases, radiofrequency ablation (RFA) can be attempted
as an alternative treatment. This study compared the clinical
profiles and overall and disease-free survival rates of patients
with colorectal liver metastasis undergoing HR and RFA.
From 1995 to 2009, we retrospectively analyzed clinical ex-
periences of 43 and 17 patients who had undergone HR and
RFA for primary colorectal cancer, respectively. To compare
outcomes, we investigated the 3-year overall and disease-free
survival rates. The 3-year overall survival rates of patients
treated with HR and RFAwere 53.5 and 47.1 %, respectively
(p=0.285); the disease-free survival rates were 35.0 and
26.9 %, respectively (p=0.211). In the HR and RFA groups,
30 (60.2 %) and 13 (76.5 %) patients developed recurrence,
respectively (p=0.604). In the HR group, 1 patient died from
postoperative liver failure, and 9 (20.9 %) developed postop-
erative complications, including wound infection, biliary leak-
age, intra-abdominal abscess, and pneumonia. In the RFA
group, 1 patient (5.9 %) required prolonged inpatient care
because of a procedure-related liver abscess. Although HR
should be considered the first option for colorectal liver me-
tastasis, RFA can be regarded as a primary treatment modality
depending on the patient’s characteristics, especially when a
patient refuses surgery or has comorbidities.
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Introduction

The cancer statistics from the Ministry for Health, Welfare,
and Family Affairs of South Korea indicate that the incidence
rate of colorectal cancer has increased over recent years. Co-
lorectal cancer was the fourth most frequently occurring can-
cer until 2004 but has been the second most frequently occur-
ring cancer since 2005. In 2007, colorectal cancer was the
third and fourth most common cause of death among women
and men in Korea, respectively [1]. The liver is the most
common site of metastasis in patients with colorectal cancer,
and liver metastasis is the predominant cause of death in such
patients [2, 3]. Untreated colorectal liver metastasis has a very
poor prognosis; the average survival time is 6–12 months, and
the 5-year survival rate is as low as 10 % [4]. However, the 5-
year survival rate with hepatic resection (HR) is reported to
range from 23 to 58 %. Therefore, HR has been recognized as
the standard treatment for liver metastasis [5–7]. Nevertheless,
some clinical conditions such as unfavorable tumor location,
insufficient hepatic reserve, disease extent, and medical co-
morbidities make HR difficult. Alternative methods such as
transcatheter arterial chemoembolization and radiofrequency
ablation (RFA) can be performed in patients who are not in-
dicated for hepatectomy [8–10]. In particular, many re-
searchers report RFA to be less invasive as well as more safer
than HR; the advantage of RFA lies in the fact that it can be
performed repeatedly for recurrence or new metastases
[11–13]. However, the therapeutic outcomes of RFA are re-
ported to be inferior to those of HR [7, 14], and studies pub-
lished hitherto report the use of RFA primarily for surgically
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unresectable cases. Several recent studies reported the practice
of performing RFA for resectable colorectal liver metastasis
[15]. However, there is a lack of reliable data on the results of
RFA in patients with resectable colorectal liver metastases.
Thus, the effectiveness of RFA should not be considered
equivalent to that of HR. Accordingly, this study compared
the survival and clinical features of patients with resectable
lesions of colorectal liver metastasis treated with HR and
RFA.

Methods

A total of 701 patients were diagnosed with colorectal liver
metastasis between January 1995 and December 2009 at our
hospital. The presence of liver metastasis was confirmed by
preoperative abdominal computed tomography (CT), intraop-
erative diagnosis, and postoperative follow-up CT. Of the 100
patients who were selected after excluding cases of unresected
primary tumors, untreated liver metastasis due to distant me-
tastasis to another organ, multiple metastases, and incomplete
follow-up, 60 patients were finally selected after the second-
ary exclusion of patients who had received single-agent che-
motherapy or transcatheter arterial chemoembolization
(Fig. 1). The medical records of the 60 patients were analyzed
retrospectively. Percutaneous RFA was performed in cases
involving comorbidities, when patients refused surgery, or in
cases of inadequate liver remnant. Patients were divided into
the HR (n=43) and RFA (n=17) groups (Fig. 1). The follow-
ing clinicopathological characteristics were compared be-
tween groups at baseline: sex, age, chemotherapy, location
and size of the primary tumor, detection time of metastasis,
number and maximal size of liver metastatic sites, and preop-
erative carcinoembryonic antigen levels. The disease-free and
overall survival rates were compared between groups to assess
treatment outcomes. Among the 60 patients, 45 received che-
motherapy. Chemotherapy included a variety of regimens,
including 5-fluorouracil (5-FU), FOLFIRI (5-FU, folinic acid,
and irinotecan), FOLFOX (5-FU, folinic acid, and
oxaliplatin), capecitabine (Xeloda®; Hoffman-La Roche

Canada, Mississauga, ON), Xeloda® plus irinotecan, and
Xeloda® plus oxaliplatin. The follow-up imaging studies in-
cluded ultrasonography, CT, or MRI performed every
3 months after surgery for 2 years and every 6 months there-
after. The first follow-up imaging study was performed
1 month after RFA, and further follow-up studies were per-
formed every 3 months for 2 years and every 6 months
thereafter.

Statistical analyses were performed using SPSS (SPSS
Inc., Chicago, IL, USA). Intergroup comparisons were made
using the Mann–Whitney U test for continuous variables and
the χ2 test for categorical variables. Kaplan–Meier analysis
was performed to determine survival durations, and the log-
rank test was used to compare survival rates. The level of
significance was set at p<0.05.

Results

The mean baseline values of the 60 subjects (40 men and 20
women) were as follows: age, 58 years (range, 21–82 years);
primary tumor size, 5.6 cm (range, 3.0–9.5 cm);metastatic site
size, 2.9 cm (range, 1.0–8.0 cm); and preoperative
carcinoembryonic antigen level, 42.85 ng/mL (range, 0.70–
479.0 ng/mL). During the observation period, 37 patients died
(61.7 %), including 29 from tumor progression. Of the 23
patients (38.3 %) who were alive at the end of the observation
period, 10 (16.7 % of all patients) had no detectable tumors.

The 1- and 3-year overall survival rates for all 60 patients
were 93.3 and 51.7 %, respectively, with a median survival
period of 36 months. The 1- and 3-year disease-free survival
rates were 54.6 and 32.3 %, respectively, with a median of
16 months.

Clinicopathological Analyses

The clinicopathological characteristics of the patients are pre-
sented in Table 1. The HR and RFA groups did not differ
significantly with respect to sex, age, chemotherapy, location
or size of the primary tumor, number or size of liver metastatic
sites, or preoperative carcinoembryonic antigen level. The HR
group had a significantly larger proportion of metachronous
cases (13/30) than the RFA group (14/3; p=0.001).

Treatment Outcomes

The median survival periods for patients in the HR and RFA
groups were 57 and 30 months, respectively. The median
times to disease-free status for patients in the HR and RFA
groups were 22 and 11 months, respectively. The 3-year over-
all survival rates for patients in the HR and RFA groups were
53.5 and 47.1 %, respectively (p=0.285, Fig. 2), whereas the
3-year disease-free survival rates were 35.0 and 26.9 %,Fig. 1 Treatment assignment
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respectively (p=0.211, Fig. 3); thus, there were no significant
differences between groups with respect to overall or disease-
free survival rates. In the HR and RFA groups, 30 (60.2 %)
and 13 (76.5 %) patients developed recurrence, respectively
(p=0.604).

Sex, age, chemotherapy, location and size of the primary
tumor, detection time of metastasis, number and size of liver
metastatic sites, and preoperative carcinoembryonic antigen
level were not significantly associated with the 3-year overall
and disease-free survival rates. In the HR group, 1 patient died
from postoperative liver failure and 9 (20.9 %) developed
postoperative complications including wound infection (5),
biliary leakage (1), intra-abdominal abscess (2), and

pneumonia (1). In the RFA group, 1 patient (5.9 %) required
prolonged inpatient care because of procedure-related liver
abscess.

Discussion

This study compared the therapeutic outcomes of HR and
percutaneous RFA for resectable lesions of colorectal liver
metastases. Although the HR group had a slightly higher sur-
vival rate than the RFA group, the differences were not signif-
icant. The results demonstrate that RFA can confer overall and
disease-free survival outcomes for up to 3 years equivalent to
those of HR.

HR has been traditionally considered the standard treat-
ment for colorectal liver metastasis. Many studies indicate
HR is superior to RFA [14–16]. Unfortunately, only 10–
25 % of patients with colorectal liver metastases are candi-
dates for HR; the others are not because of systemic condi-
tions, underlying diseases, multiple liver metastases, and other
problems [8–10, 17]. Therefore, alternative treatments are
necessary for colorectal liver metastasis. The morbidity and
mortality of the treatment modality are important to consider
when selecting a treatment. Weng et al. [18] report that post-
operative morbidity is significantly higher in patients receiv-
ing HR than RFA (24.10 vs. 9.98 %, p=0.009). A large mul-
ticenter study demonstrates that RFA is a relatively safe pro-
cedure for treating focal liver tumors, with a very low mortal-
ity rate of 0.2 % and a major complication rate of 2.2 % [2,
12]. Therefore, RFA is recommended as the primary

Fig. 2 Overall survival stratified by treatment modality, there was no
statistically significant difference between the two groups (p=0.285)

Fig. 3 Disease-free survival stratified by treatment modality, there was
no statistically significant difference between the two groups (p=0.211)

Table 1 Clinicopathologic characteristics of patients with colorectal
liver metastasis

HR (n=43) RFA (n=17) P value

Sex (male/female) 28:15 12:5 0.685

Age (yrs) 55.9 63.2 0.066

Chemotherapy (+/−) 34:9 11:6 0.247

Location of primary
cancer (colon/rectum)

18:25 9:8 0.437

Mean size of primary cancer (cm) 5.8 5.2 0.188

Detection time of metastasis
(synchronous/metachronous)

13:30 14:3 0.001

Number of liver metastasis
(single/multiple)

30:13 13:4 0.604

Mean size of liver metastasis (cm) 3.1 2.3 0.081

Mean level of preoperative
CEA (ng/ml)

46.83 25.18 0.755

S1128 Indian J Surg (December 2015) 77(Suppl 3):S1126–S1130



alternative therapy for colorectal liver metastasis. In the pres-
ent study, 1 patient died from postoperative liver failure, 9
(20.9 %) developed postoperative complications in the HR
group, and 1 (5.9 %) developed procedure-related complica-
tions in the RFA group. Thus, the present results are similar to
those of other studies. As a result of recent technological
progress and the development of improved imaging devices,
the outcomes of RFA have become comparable to those of
HR. Oshowo et al. [12] report that the preliminary survival
curves for patients with solitary colorectal liver metastases
treated by RFA (3-year survival rate, 52.6 %) are similar to
those for patients who underwent liver resection (3-year sur-
vival rate, 55.4 %). These results indicate that RFA is an ef-
fective local treatment for patients considered unsuitable for
conventional surgical treatment. Meanwhile, Sørensen et al.
[19] report that the 5-year survival rate of 102 patients treated
with RFAwas 44 %. They claim RFA is an effective method
for treating liver metastases from colorectal carcinoma and
that survival has improved to a level comparable to that fol-
lowing surgical resection. Meanwhile, some studies report
good outcomes with resection and report the effectiveness of
the RFA in special circumstances. Hur et al. [16] report that
the 5-year survival rates of 38 patients with small tumors
(<3 cm) treated with HR and RFA were similar, including
overall (56.1 vs. 55.4 %, p=0.451) and local recurrence-free
(95.7 vs. 85.6 %, p=0.304) survival rates. Hence, RFA can be
recommended as an alternative treatment for patients who are
not candidates for surgery. Kim et al. [20] claim that RFA is a
safe alternative treatment for solitary colorectal liver metasta-
ses <3 cm, with outcomes equivalent to those achieved with
HR. Furthermore, Gillams et al. [21] report that RFA for sol-
itary liver metastases ≤4 cm can be performed with minimal
morbidity and results in excellent long-term survival, ap-
proaching that of surgical resection, even in patients who are
not candidates for surgery.

On the other hand, several studies report better outcomes
with HR than RFA. Hur et al. [16] analyzed 42 and 25 patients
who underwent HR and RFA, respectively, for the treatment
of solitary colorectal liver metastases; the 5-year overall and
local recurrence-free survival rates after HR (50.1 and 89.7 %,
respectively) were significantly higher than those after RFA
(25.5 and 69.7 %, respectively; p=0.0263 and 0.028, respec-
tively). In addition, recurrence was significantly lower after
HR. Lee et al. [15] compared the outcomes after HR and RFA;
although the exact survival rates are not mentioned, the
disease-free and overall survival periods were significantly
longer in the HR group (p=0.008 and 0.017, respectively);
they report that RFA resulted in poorer outcomes than HR.
These findings suggest that RFA should be considered only
for selected patients with unresectable disease or high opera-
tive risk. Meanwhile, McKay et al. [14] also report that RFA is
inferior to resection. In their study, the 5-year survival rate
after resection was 43 % compared to 23 % after RFA; for

patients with solitary lesions, the 5-year survival was 48 %
after resection and 15 % after RFA. Therefore, the results of
the present study corroborate the consensus that RFA cannot
be considered an equivalent procedure to HR with respect to
outcomes.

The recent meta-analyses of Weng et al. [18] and Wu et al.
[22] further demonstrate that HR is significantly superior to
RFA for the treatment of colorectal liver metastases. Wu et al.
[22] report that patients with solitary colorectal metastasis
treated with HR had significantly better 5-year survival out-
comes than those treated by RFA (odds ratio, 0.41; 95 % con-
fidence interval, 0.22–0.90; p=0.008). They state that RFA
should be reserved for patients who are suboptimal candidates
for resection rather than being used as a first-line therapeutic
option. Meanwhile, Weng et al. [18] report that despite the
multiple confounders in clinical trials, HR is significantly su-
perior to RFA for the treatment of colorectal liver metastasis,
even when limited to tumors <3 cm, solitary tumors, open
surgery, or laparoscopic approach. However, in these two me-
ta-analyses, the RFA groups in several studies included
unresectable liver metastases; therefore, the RFA groups had
more severe disease progression. This may be an important
source of bias, consequently limiting the interpretation of the
results of studies reporting superior results with HR in patients
with colorectal liver metastasis compared to RFA. In order to
accurately report the results of the treatment outcomes be-
tween HR and RFA, another meta-analysis targeting studies
involving patients receiving RFA as the only possible treat-
ment is required.

The major limitations of the present study are the lack of
randomization of treatment modalities, the small numbers of
patients, and the short follow-up duration. Because of small
sample size, it seems that difference in survivals of both
groups did not reach statistical significance. Therefore, larger
multicenter studies with longer follow-up periods are required
to yield more objectively applicable data to confirm the pres-
ent results. Although RFA has been investigated as an alter-
native to surgery because of its safety and feasibility, the com-
parative effectiveness of RFA and HR has yet to be clearly
demonstrated.

Conclusion

In the present study, the 3-year overall and disease-free sur-
vival of patients with colorectal liver metastasis treated with
RFA were similar to those treated with HR. However, this
does not mean RFA is an appropriate substitute for HR. Al-
though HR should be considered the first option, RFA can be
regarded as a primary treatment modality depending on the
patient’s characteristics; in particular, aggressive RFA treat-
ment is a good option when a patient refuses surgery or has
comorbidities. Nevertheless, a larger multicenter study with a
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longer follow-up period is required to clarify the effectiveness
of HR and RFA for colorectal liver metastasis.
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