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Abstract
Introduction The role of ablation for hepatic colorectal metastases (HCM) continues to evolve as ablation technology
changes and systemic chemotherapy improves. Our aim was to evaluate the therapeutic efficacy of radiofrequency ablation
(RFA) of HCM compared to surgical resection.
Methods A retrospective review of our 1,105 patient prospective hepatic database from August 1995 to July 2007 identified
192 patients with only hepatic resection or only ablation for HCM.
Results Patients who underwent RFA were similar to resection patients based on a similar Fong score (1.8 vs. 2.1 p=0.28),
presence of extrahepatic disease (15% vs. 9% p=0.19), mean number of hepatic lesions (2.8 vs. 2.1 p=0.14), and prior
chemotherapy (67% vs. 60% p=0.33). Median time to recurrence was shorter with ablation than resection (12.2 vs. 31.1
months; p<0.001). Recurrence at the ablation–resection site was more common with ablation than resection occurring 17%
vs. 2% (p≤0.001) of the time, respectively. Distant recurrence in the liver was also more common with ablation occurring in
33% of patients vs. 14% for resection (p=0.002).
Conclusions Surgical resection is associated with a lower chance of recurrence and a longer disease-free interval than RFA
and should remain the treatment of choice in resectable HCM.
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Introduction

Hepatic metastasis of colorectal cancer is quite common
occurring at some time in 23% of all of the 190,000
colorectal patients diagnosed each year.1 While systemic
chemotherapy can slow growth and even cause regression
of hepatic metastases, long-term survival without local
therapy is unlikely. Surgical resection of hepatic metastases
continues to remain the optimal first-line treatment for
hepatic colorectal metastases. Other therapies that have

been used are ethanol injection and cryotherapy which have
been supplanted by radiofrequency ablation (RFA) and
microwave ablation. The role of RFA of hepatic colorectal
metastases continues to evolve as the technology evolves
and experience with RFA matures.2 There are many
conflicting published series comparing efficacy of RFA
and resection with some authors advocating a prospective
trial comparing RFA and resection while others maintain
that RFA is inferior to resection and patients should not be
put at risk to compare the two therapies. The goal of this
study was to evaluate the comparative therapeutic efficacy
of RFA and surgical resection for hepatic colorectal
metastases.

Methods

A review of a 1,105 patient prospective hepatic–pancreati-
cobiliary database from August 1995 to July 2007 was
done under IRB approval to identify patients who had
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either only a resection or only an RFA of hepatic colorectal
metastases. All patients included in this study had single
lobar involvement. Patients who underwent combination
resection and ablation or underwent extrahepatic organ
resection and ablation or resection were excluded.

The decision to perform resection or RFAwas determined
by the treating surgeon at his discretion. In the patients
undergoing hepatic resections, anatomic segmental liver
resections were performed and classified as described by
Couinaud3. Nonanatomical resections were performed when
judged appropriate by the attending surgeon. For patients
with disease that was felt to be unresectable because of the
number, distribution, and/or location of the tumors or
because of patient comorbid factors, ablation was performed.
Standard preoperative evaluation of patients with metastatic
colorectal cancer included three-phase computed tomogra-
phy (CT) of the abdomen and pelvis and chest roentgeno-
gram. Prior systemic chemotherapy of any type and duration
was allowed. RFA was performed using intraoperative
ultrasound guidance to ensure that at least a 1-cm ablation
margin was achieved around the tumors.4,5

Postoperative complications and the length of hospital
stay were prospectively evaluated. Complications were
graded according to a standard five-point grading scale
and have been utilized prospectively since June 2002.4,6 All
in-hospital and 90-day postoperative complications were
evaluated with the highest severity level recorded. Peri-
operative complications were defined as complications
occurring within 30 days of the operation. RFA patients

had one early CT (<1 month from RFA) to ensure RFA
success and were then imaged per standard while resection
patients were imaged per standard. Standard CT follow-up
was utilized every 3 months for the first year and then every
6 months thereafter. Data were censored at the last recorded
patient contact if an end point was not reached. Recurrence
was also evaluated using serological markers and positron
emission tomography scan. A recurrence was the reoccur-
rence of viable tumor by radiologic CT criteria of a vascular
mass. In the event of subsequent hepatic therapy for
recurrence of disease, only the first procedure was used
for the purposes of this study. Clinicopathologic data along
with perioperative complications were recorded. Analysis
of data was done using JMP 4.0 and SPSS version 16.0.

A review of all publications in peer review journals in the
English Language from 1995 to 2007 was done. Unpublished
studies and abstracts presented at national and international
meetings were excluded. Trials were identified by conducting
a comprehensive ofMedline, Embase, Science Citation Index,
Current Contents, and PubMed databases, using medical
subject headings “colorectal liver metastasis,” “radiofre-
quency ablation,” “hepatectomy,” “colorectal recurrence,”
and “comparative study.” A manual search of the abstracts
was performed to identify for inclusion in this review. Only
articles that included a comparative evaluation of hepatectomy
to radiofrequency ablation during the same time interval,
ablation recurrence, nonablation recurrence, resection margin
recurrence, disease-free survival, and overall survival were
included.

Table 1 Demographics of RFA and Resection Patients for Hepatic Colorectal Metastasis

Baseline characteristic RFA, N=66 Resect, N=126 p value

Age (mean) 63.5 61.9 0.35
Male 46 (70%) 69 (55%) 0.52
Months from resection of primary to RFA–resect (mean) 15.5 15.7 0.95
Fong score (mean) 1.8 2.1 0.28
Number of hepatic lesions (mean) 2.8 2.1 0.14
Largest hepatic lesion (mean, cm) 3.2 5.3 <0.001
>1 hepatic lesion 39 (59%) 51 (41%) 0.01
Nodal involvement of primary lesion 33 (50%) 79 (63%) 0.09
Extrahepatic disease at RFA–resect 10 (15%) 11 (9%) 0.19
Previous chemotherapy 44 (67%) 75 (60%) 0.33
Comorbidities
Cardiac 8 (12%) 22 (17%) 0.32
Pulmonary 7 (11%) 7 (6%) 0.21
Diabetes 11 (17%) 12 (10%) 0.16
Ethanol abuse 2 (3%) 9 (7%) 0.22
Tobacco use 15 (23%) 32 (25%) 0.68
Hepatic disease 2 (3%) 2 (2%) 0.52
Hypertension 23 (35%) 35 (28%) 0.31
No comorbidities 1 (2%) 3 (2%) 0.68
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Results

Review of the database identified 308 patients who
underwent hepatic resection and/or RFA for metastatic
colorectal cancer with curative intent. One hundred and
sixteen patients were excluded from this analysis because
they had a concomitant resection and RFA at the time of
their first hepatic procedure. Sixty-six patients had only
hepatic RFA with curative intent while 126 patients
underwent only resection with curative intent. Of the
patients who had a resection, 106 had an anatomic
resection; six had a nonanatomic resection; 12 had a
combined anatomic and nonanatomic resection, and two
had an unknown type of resection. The most common
anatomic resection was a right lobectomy (N=73) followed
by extended right hepatectomy (N=18) and left lateral
segmentectomy (N=13), left lobectomy (n=10), extended
left hepatectomy (n=4), central resection (n=5), caudate
resection (n=4), segmentectomy (n=11), and bisegmentec-
tomy (n=5). Patients who underwent RFAwere more likely
to have a smaller hepatic lesion (3.2 vs. 5.3 cm, p<0.001)
and more likely to have more than one hepatic lesion (59% vs.

41%, p=0.01) than patients undergoing resection (Table 1).
There was no difference in the location or the number of
involved hepatic segments between the two groups (Table 2).
All other clinicopathologic characteristics were similar
between the two groups (Table 3).

While there was no difference in the percentage of
patients experiencing any complication (Table 3), resection
patients were more likely to have a major complication
(29% vs. 10%, p=0.003). They also had a longer hospital
stay (9.8 vs. 6.6 days, p=0.014) and were more likely to
receive a blood transfusion during the hospital stay (21% vs.
3%, p<0.001).

The median follow-up for all patients was 20.0 months.
Recurrence was more common in patients undergoing RFA
compared to resection (71% vs. 46%, p<0.001). The
patterns of recurrence were also different in patients who
underwent RFA compared to resection. In the RFA group,
recurrence was more common at the RFA–resection site
(17% vs 2%, p<0.001), in the same lobe as the RFA–
resection (42% vs. 3%, p<0.001), and in the liver distant to
the RFA–resection (33% vs. 14%, p=0.002). There was no
difference in the percentage of patients experiencing
extrahepatic recurrence (Table 3). In addition to being more
likely to have a recurrence, RFA patients also recurred
earlier than resection patients (median 12.2 vs. 31.1 months,
p<0.0005; Table 4, Fig. 1). When recurrence was stratified
by extrahepatic recurrence, recurrence at the RFA–resection
site, or distant hepatic recurrence, the median time to
recurrence was always longer in the resection patients than
the RFA patients.

Despite the differences in recurrence, there was no
difference in survival with 49% of the RFA patients
having died at last follow-up vs. 45% of the resection
patients (p=0.67). There was a trend towards improved
overall survival in the resection patients with an increased
median survival (36.4 vs. 27.0 months); however, this was

Table 2 Hepatic Lesion Location

Segment RFA, N=51 Resect, N=110 p value

I 6% 4% 0.53
II 16% 17% 0.80
III 16% 19% 0.60
IV 31% 27% 0.59
V 41% 53% 0.17
VI 45% 55% 0.22
VII 49% 43% 0.46
VIII 33% 34% 0.97
Number of involved
segments (mean)

2.4 2.5 0.54

Table 3 Complications, Recurrence, and Overall Survival in RFA and Resection Patients for Hepatic Colorectal Metastasis

Outcome RFA, N=66 Resect, N=126 p value

Any complication 39 (59.1%) 68 (54.0%) 0.497
Major complication 5 (10%) 36 (29%) 0.003
Blood transfusion 2 (3%) 26 (21%) <0.001
Length of hospital stay (mean days) 6.6 9.8 0.014
Chemotherapy after resection–RFA 7 (11%) 18 (14%) 0.47
Had a second RFA–resection 14 (21%) 13 (10%) 0.438
Months to second RFA–resection 10.8 11.8 0.445
Recurrence anywhere 47 (71%) 58 (46%) <0.001
Recurrence at RFA–resection site 11 (17%) 3 (2%) <0.001
Recurrence in same lobe as RFA–resection 28 (42%) 4 (3%) <0.001
Hepatic recurrence distant to RFA–resection site 22 (33%) 17 (14%) 0.002
Extrahepatic recurrence 23 (35%) 42 (33%) 0.83
Median time to recurrence (months), 95% CI 12.2 (5.6-18.9) 31.1 (18.0–44.2) <0.001
Median survival (months), 95% CI 27.0 (20.3-33.7) 36.4 (27.5–45.2) 0.31
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not statistically significant (p=0.31; Fig. 2). When only
patients who did not have extrahepatic disease at the time
of RFA or resection were analyzed, the median survival
was 26.4 months for RFA patients and 38.3 months for
resection patients (p=0.13). The trend for increased
survival was most evident when only patients who did
not recur were analyzed with a median survival of 21.6 vs.
53.8 for patients undergoing RFA vs. resection respective-
ly (p=0.10; Fig. 3). Overall 5-year survival was statisti-

cally the same at 21% for the RFA group and 23% for the
resection group.

In a review of the peer-reviewed literature that met our
inclusion criteria, three articles were identified (Table 5). In
comparing the literature to our results, there were similar
rates of recurrence for both RFA and non-RFA recurrence.
In a summary of all the data reported, resection still has a
lower rate of liver recurrence when compared to RFA
(Table 5).

Table 4 Comparison of Time to Recurrence: RFA Versus Resection

Group Number Median time to recurrence 95% CI p

Overall RFA vs. resection
RFA 66 12.2 5.6–18.9 <0.0005
Resect 122 31.1 18.0–44.2
Patients with an extrahepatic recurrence
RFA 23 9.8 4.1–15.5 0.577
Resection 42 16.4 9.1–23.8
Patients without an extrahepatic recurrence
RFA 43 12.8 4.6–21.1 <0.0005
Resection 84 >115 –
Patients with a recurrence at RFA–resection site
RFA 11 12.8 4.8–20.9 0.320
Resection 3 21.9 8.5–35.4
Patients without a recurrence at RFA–resection site
RFA 55 11.7 4.5–19.0 0.004
Resection 123 34.7 20.3–49.2
Patients with a distant hepatic recurrence
RFA 22 9.6 4.0–15.2 0.462
Resection 17 12.7 4.5–20.9
Patients without a distant hepatic recurrence
RFA 44 20.9 9.5–32.3 0.01
Resection 109 38.3 30.2–46.5

P<0.0005
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Figure 1 Time to recurrence.
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Figure 2 Overall survival.
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Discussion

Resection of colorectal metastases to the liver remains the
treatment of choice when possible. Although there was not
a difference in overall survival between RFA and resection
in our study, there were consistent patterns that favored the
resection group. Patients who underwent resection were
less likely to recur and had a longer disease-free interval
despite having a larger-sized lesion. The similarity of the
Kaplan Meier survival curves for the first 60 months made
the 9.4-month median survival advantage in the resection
group nonsignificant. After 72 months, the curves separate
with the RFA curve going to zero while the resection
curve levels out and continues to 142 months at 17%.

Potentially, with a larger number of patients and longer
follow-up, differences in survival may become statistically
significant.

It has already been shown that RFA can be safely done for
unresectable hepatic tumors.7,8 While some series have
shown RFA to be equivalent to resection, others have found
RFA to be inferior to resection based on overall survival.9–11

All of these series, like ours, are case series comparing RFA
for unresectable colorectal hepatic metastasis to resection and
thus subject to a selection bias since the groups are not
equivalent. The 5-year survival of 21% reported here is
comparable to other published 5-year survival rates for
unresectable hepatic colorectal metastasis treated with RFA
of 14% to 31%.10,12–14 Our 5-year survival of 21% following
resection is also lower than others have reported.9–11

Our local recurrence at the RFA site of 17% fits well within
the widely varying published rates of 2% to 40%.7,9–11,14–18

All of our RFAs were done surgically (open or laparoscopic)
allowing for accurate probe placement under ultrasound
guidance. Our local recurrence rate of 2% following
resection is at the low end of reported rates varying from
3.8% to 10.4% and indicates that our resections are
adequate.15,19

In addition to differences in overall recurrence rates, the
differences in the pattern of recurrence were interesting.
Invariably, RFA patients were more likely to recur nearer
the RFA site. This could be due to incomplete ablation
secondary to lesion size, heat sink effect, or the limitations
of the modality. Alternatively, the lower local failure rate
with resection may be due to removing hepatic parenchyma
that is at a higher risk than the rest of the liver for
recurrence. Interestingly, RFA patients were also more
likely to fail in the liver distant to the RFA site. As
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Figure 3 Survival of patients without a recurrence.

Table 5 Meta-analysis Review of RFA vs Resection in Metastatic Colorectal Cancer

Author Groups N=(Pt’s) Margin recur Nonmargin recur

Abdalla Resection only 190 2 (2%) 78 (41%)
RFA and resection 101 5 (5%) 37 (37%)
RFA only 57 5 (9%) 23 (40%)

p=0.02 p=NS
Aloia Resection only 150 8 (5%) 27 (18%)

RFA only 30 11 (37%) 5 (17%)
p<0.001 p=0.86

Elias RFA only 63 11 (17%) NA
RFA + Wedge 36 4 (11%)
RFA + anatomic 44 4 (9%)

p=ns
Our data Resection only 126 3 (2%) 18 (14%)

RFA only 66 11 (17%) 23 (33%)
p<0.001 p=0.002

Summary Resection only 466 13 (3%) 123 (26%)
RFA only 150 38 (25%) 51 (59%)

p=0.001 p=0.001
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expected, local therapy in the liver did not affect the rate of
or time to extrahepatic recurrence.

The lack of survival benefit despite a decreased risk of
recurrence and increased time to recurrence in the resection
group is likely multifactorial. First, when there is a hepatic
recurrence in the absence of extrahepatic disease, a second
RFA or resection can often be done. Second, the number of
options and efficacy of adjuvant chemotherapy has
increased dramatically over the recent years. Finally, there
is a selection difference between the two groups even
though it is not evident when the frequency of comorbid-
ities is examined (Table 3). Our institutional bias has
always been to “resect when possible.” This has included
systematic chemotherapy to downstage patients making
them resectable, utilizing preoperative portal vein emboli-
zation to increase the size of the liver remnant and
combining RFA with resection (these were excluded from
this study). Some of the RFA patients would have been
refused resection based on comorbidities. Perhaps this is
best quantified by the shorter survival of the RFA patients
when only patients who did not recur are analyzed. This
difference is probably due to a higher severity of the
comorbidities in the RFA group compared to the resection
group. Unfortunately, there is no good scoring system to
measure the overall severity of comorbidities in each group
and do a statistical comparison.

In conclusion, RFA was associated with a higher hepatic
recurrence rate and shorter time to recurrence but no
difference in overall survival compared to resection.
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