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Solitary Colorectal Liver Metastasis
Resection Determines Outcome
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Background: Hepatic resection (HR) and radiofre-
quency ablation (RFA) have been proposed as equiva-
lent treatments for colorectal liver metastasis.

Hypothesis: Recurrence patterns after HR and RFA for
solitary liver metastasis are similar.

Design: Analysis of a prospective database at a tertiary
care center with systematic review of follow-up imaging
in all of the patients.

Patients and Methods: Patients with solitary liver me-
tastasis as the first site of metastasis treated for cure by
HR or RFA were studied (patients received no prior liver-
directed therapy). Prognostic factors, recurrence pat-
terns, and survival rates were analyzed.

Results: Of the 180 patients who were studied, 150 un-
derwent HR and 30 underwent RFA. Radiofrequency ab-
lation was used when resection would leave an inad-
equate liver remnant (20 patients) or comorbidity
precluded safe HR (10 patients). Tumor size and treat-
ment determined recurrence and survival. The local re-
currence (LR) rate was markedly lower after HR (5%) than

after RFA (37%) (P�.001). Treatment by HR was asso-
ciated with longer 5-year survival rates than RFA, in-
cluding LR-free (92% vs 60%, respectively; P�.001), dis-
ease-free (50% vs 0%, respectively; P=.001), and overall
(71% vs 27%, respectively; P�.001) survival rates. In the
subset with tumors 3 cm or larger (n=79), LR occurred
more frequently following RFA (31%) than after HR (3%)
(P=.001), with a 5-year LR-free survival rate of 66% af-
ter RFA vs 97% after HR (P�.001). Patients with small
tumors experienced longer 5-year overall survival rates
after HR (72%) as compared with RFA (18%) (P=.006).

Conclusions: The survival rate following HR of solitary
colorectal liver metastasis exceeds 70% at 5 years. Radio-
frequency ablation for solitary metastasis is associated with
a markedly higher LR rate and shorter recurrence-free and
overall survival rates compared with HR, even when small
lesions (�3 cm) are considered. Every method should be
considered to achieve resection of solitary colorectal liver
metastasis, including referral to a specialty center, ex-
tended hepatectomy, and chemotherapy.
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F OR PATIENTS WITH RESECT-
able colorectal liver metasta-
sis (CLM), the efficacy of
hepatic resection (HR) is
established. Not only is HR

associated with low morbidity and mortal-
ity,1-3 but 5-year survival rates following
HR as high as 58% have been reported.4-7

Analyses of outcome following HR have
consistently identified prognostic factors, in-
cluding stage of the primary tumor,8-11 syn-
chronous presentation,8,10,11 tumor size,8,11

and tumor number.8,10,12,13

For patients who are not candidates for
complete HR of CLM, alternatives and ad-
juncts to HR have been proposed to ex-
pand the indications for potentially cura-
tive therapy. The most studied and widely
used modality for tumor destruction is ra-
diofrequency ablation (RFA), which uses
heat produced by a radiofrequency energy
generator to destroy tumors and a surround-
ing rim of normal parenchyma.6,14-20 Some
propose that RFA be limited to use in un-

resectable patients or for treatment of small
lesions in the liver remnant at the time that
HR is used to treat dominant lesions.14,21

More recently, however, RFA has been
proposed as an alternative to HR in pa-
tients with limited hepatic involvement22

and in patients with solitary liver metas-
tasis.20 Although recurrence and survival
rates reported in these and other studies
are variable, tumor size has emerged as an
important factor related to complete ab-
lation and tumor recurrence following
RFA. Specifically, local recurrence (LR)
rates following RFA rise sharply when the
technique is applied to tumors larger than
3 cm in transverse diameter.14-18,23

ToclarifytheutilityofRFAasalocaltreat-
ment modality for CLM, we studied a uni-
formcohortofpatientswithsolitarytumors.
Systematic reviewofposttreatment imaging
for all of the patients in this homogeneous
populationwasperformedtodetermine the
impact of treatment (HR vs RFA) on recur-
rence patterns and survival rates, and the

Author Affiliations:
Departments of Surgical
Oncology (Drs Aloia, Vauthey,
Ribero, Pawlik, Curley, Zorzi,
and Abdalla and Mr Wei) and
Diagnostic Imaging (Dr Loyer),
The University of Texas
M. D. Anderson Cancer
Center, Houston.

(REPRINTED) ARCH SURG/ VOL 141, MAY 2006 WWW.ARCHSURG.COM
460

©2006 American Medical Association. All rights reserved.

Downloaded From: http://archsurg.jamanetwork.com/ by LEBANESE AMERICAN UNIVERSITY, sawsan habre on 11/12/2015



groupofpatientswithtumors3cmorlarger indiameterwas
specifically assessed.

METHODS

PATIENT SELECTION AND DATA COLLECTION

Consecutively treatedpatients identified fromasingle-institution,
prospective hepatobiliary database were studied retrospectively.
Patients with solitary CLM who had undergone previous liver-
directedtherapy(HRorRFA)wereexcluded,andinallof thecases,
the livermetastasiswas the firstmanifestationofM1disease.Only
patientswithcompleteradiologic follow-upatour institutionwere
included.Thestudypopulationincluded180patients treatedfrom
November1993to January2005;150patients (83%)were treated
with HR and 30 (17%) were treated with RFA. All of the patients
treatedwithRFAhadlesionsproventobemetastasesbasedonclas-
sic imaging findingsoncomputed tomography(hypodense lesion
with rim enhancement during the arterial contrast phase) com-
bined with positive biopsy findings (19 patients), hypermetabo-
lismonpositronemission tomography(4patients),or sizegreater
than 2 cm after response to chemotherapy (7 patients).

Indication for the treatment approach selected for each pa-
tient was closely examined. Tumors were deemed resectable
when the anticipated hepatic parenchymal transection plane
would yield a tumor-free margin but preserve an adequate liver
remnant.24 All of the patients whose tumors met these criteria
and who were medically fit underwent HR. Radiofrequency ab-
lation was used when HR would have left an inadequate liver
remnant (20 patients: 13 with steatosis, steatohepatitis, or fi-
brosis and 7 judged to have a remnant too small to permit safe
hepatectomy) or when comorbidity precluded safe HR (10 pa-
tients: 3 were treated percutaneously in the operating room un-
der general anesthesia by a hepatic surgeon and 7 were treated
at open laparotomy). The RFA technique has been previously
described in detail.6 In all of the patients treated with RFA, com-
plete necrosis of the CLM was confirmed by intraoperative ul-
trasound, postoperative computed tomography, or both.

Potential prognostic factors were recorded from the data-
base and grouped into 4 categories (clinical, primary tumor,
liver tumor, and surgical) based on previously documented prog-
nostic groups.8 Positive and negative resection margins were
reported as recently defined in a study from our institution.7

For statistical analysis, metastases diagnosed 12 or fewer months
before the date that the primary tumor was diagnosed were con-
sidered synchronous and those diagnosed after 12 months were
considered metachronous. Recurrence patterns were assessed
by systematic review of all of the preoperative and postopera-
tive cross-sectional imaging by a dedicated hepatobiliary radi-
ologist. On review of imaging, recurrence was further classi-
fied as LR (recurrence at the ablation site or at the hepatic
transection margin), distant hepatic recurrence (DHR) (recur-
rence in the liver remote from the ablation or resection site),
extrahepatic, or a combination of sites. Outcome data, includ-
ing recurrence site, time from hepatectomy to recurrence, and
overall survival time, were analyzed for all of the patients.

STATISTICAL CONSIDERATIONS

To compare the distribution of variables between treatment
groups, the Mann-Whitney U test was used for continuous data
and the �2 test was used for categorical data. Clinical out-
comes, including recurrence-free survival (RFS), LR-free sur-
vival (LRFS), disease-free survival (DFS), and overall survival
(OS), were analyzed by the Kaplan-Meier method. To deter-
mine the prognostic value of study variables, survival rates were
compared with the log-rank test. Factors with univariate sig-

nificance at a level of P�.15 were entered into Cox regression
models to determine multivariate significance, odds ratios, and
95% confidence intervals. Final statistical results were consid-
ered significant at P�.05.

RESULTS

COMPARISON OF PROGNOSTIC FACTORS
BETWEEN TREATMENT GROUPS

The study population comprised 109 men and 71 women.
The median age was 61 years, with an age range of 23 to 88
years.Laparotomyandopen-surgicalRFAwereperformed
in 27 (90%) of the 30 patients treated with RFA. The me-
dian tumor diameter in the 2 treatment groups was not sta-
tisticallydifferent(HR:mediantumordiameter,3.5cm[range,
0.5-17.0cm];RFA:median tumordiameter,3.0cm[range,
1.0-7.0 cm]; P=.23). Among the 150 patients treated with
HR, 137 patients underwent anatomic resection (extended
hepatectomyin22patients,hemihepatectomyin63,biseg-
ment resection in 14, and single-segment resection in 38).
Theremaining13patientsunderwentsubsegmentalwedge
resection. Pathologic analysis revealed tumor-free hepatic
parenchymal transection margins in 143 (95%) of the HR
cases and microscopic evidence of tumor at the transection
margin in7patients (5%).Onepatient (1%)diedwithin30
daysofundergoingHR; therewereno30-daymortalities in
the RFA group (P=.65). With the exception of sex, the dis-
tribution of potential prognostic factors that were studied
was not different between treatment groups (Table 1).

Table 1. Analysis of the Distribution of Potential Prognostic
Factors Between Hepatic Resection vs Radiofrequency
Ablation Treatment Groups

Prognostic Factor

Patients Who
Underwent

Resection, %

Patients Who
Underwent

RFA, %
P

Value

Sex
Male 57 77

.048
Female 43 23

Primary tumor location
Colon 65 70

.62
Rectum 35 30

Primary tumor stage
1-2 16 20

.59
3-4 84 80

Primary tumor node status
Positive 54 61

.52
Negative 46 39

Metastasis diagnosis
Synchronous* 49 60

.29
Metachronous 51 40

Metastasis diameter, cm
�3 42 53

.25
�3 58 47

Pre-HR CEA level, ng/mL
�200 95 93

.79
�200 5 7

Abbreviations: CEA, carcinoembryonic antigen; HR, hepatic resection;
RFA, radiofrequency ablation.

*Synchronous is defined as detection of a colorectal liver metastasis
1 year or sooner after treatment of the primary tumor.
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There was no statistical difference in the use of che-
motherapy between the HR (66%) and RFA (80%) groups
(P=.32). The proportions treated with systemic chemo-
therapy regimens containing irinotecan or oxaliplatin were
also similar (36% in the HR group vs 30% in the RFA
group; P=.53).

LOCAL AND SYSTEMIC
RECURRENCE PATTERNS

At a median follow-up of 31.3 months (range, 4-138
months), a total of 19 patients (11%) had developed
LR confirmed by systematic review of follow-up imag-
ing. These included recurrence at the resection margin
in 8 (5%) of the 150 patients treated with HR, with a
median time to LR that was not reached by the time of
analysis. In contrast, during follow-up of the 30
patients treated with RFA, 11 (37%) had recurrence at
the RFA site (P�.001) (Figure 1). Three- and 5-year
LRFS rates after HR (95% and 92%, respectively) were
superior to LRFS rates after RFA (60% and 60%,
respectively) (P�.001) (Figure 2). Only treatment
type (HR vs RFA) was associated with risk for LR;
other studied prognostic factors were not predictive
(Table 2).

Proximity to major vascular structures has been pro-
posed as a factor associated with incomplete RFA and risk
for LR after RFA.25 Review of imaging permitted analy-
sis of LR after RFA based on contiguity of the treated tu-
mor with a major vascular structure (in all of the cases,
a main hepatic vein or veins). Fifteen (50%) of the 30
RFA-treated tumors were in contact with a main he-
patic vein. Among these 15 patients, 4 (27%) had LR.
Three of these 4 LRs were in patients with metastases
larger than 3 cm in diameter. Fifteen (50%) of the 30 tu-
mors treated with RFA were not adjacent to any major
vascular structure. Among these 15 patients, 7 (47%) had
LR. Three of these 7 LRs occurred in patients with me-
tastases larger than 3 cm in diameter. Thus, there was
no association between LR and tumor proximity to ma-
jor hepatic veins (P=.26).

Among the 11 patients who developed LR after RFA,
7 (64%) were thought to have potentially treatable re-
current lesions. Four of these patients were treated with
salvage HR, 2 of whom were disease free at last follow-
up; a fifth patient was surgically explored for HR but was
found to have unresectable peritoneal disease. Two oth-
ers underwent repeat RFA, but both progressed despite
retreatment. One patient with LR after HR will undergo
reresection on completion of ongoing systemic therapy.

Distant hepatic recurrence developed in 32 patients
(18%). In both univariate and multivariate analyses, the
factors that predicted DHR were tumor size and interval
between treatment of the primary tumor and diagnosis
of liver metastasis. Patients with tumors larger than 3 cm
and those with synchronous presentation were twice as
likely to develop DHR (multivariate P values of .047 and
.02, respectively). In contrast, the incidence of DHR was
equivalent in the HR group (18%) and the RFA group
(17%) (P=.86).

In the RFA group, 2 patients with DHR were treated
with repeat RFA, but both had tumors that recurred or
persisted despite the second intervention. One patient was
surgically explored with the intent of curative resection
but was found to have peritoneal disease, so the planned
resection was not performed. In the HR group, 3 pa-
tients with DHR were re-treated (2 by resection and 1
by RFA), and all of them remained disease free at a me-
dian follow-up of 75 months.
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Figure 1. Local recurrence after hepatic resection (HR) or radiofrequency
ablation (RFA) for all of the patients with solitary colorectal liver metastasis
(P�.001) (A) and for those patients with tumors 3 cm or smaller (P=.001) (B).
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Figure 2. Kaplan-Meier analysis of overall (P�.001) (A), disease-free (P=.001) (B), and local recurrence–free (P�.001) (C) survival proportions for all of the
study patients treated with hepatic resection (n=150; dotted lines) vs radiofrequency ablation (n=30; solid lines).
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During follow-up, 72 patients (40%) developed dis-
tant recurrence. In the HR group, 58 patients (39%) ex-
perienced distant recurrence—14 in combination with
intrahepatic recurrence and 44 with distant-only recur-
rence. Sites of first distant recurrence after HR included
the lung in 41 patients (70%), peritoneum or lymph nodes
in 12 (21%), bone in 4 (7%), and brain in 1 (2%). Eight
patients in the HR group with isolated pulmonary recur-
rences underwent pulmonary metastatectomy, and they
all remained disease free with a median follow-up inter-
val of 50 months. In the RFA group, 14 patients (47%)
experienced distant recurrence—4 in combination with
intrahepatic recurrence and 10 with distant-only recur-
rence. The distribution of first distant recurrence after
RFA was similar to that observed after HR and included
the lung in 8 patients (57% of recurrences), peritoneum
or lymph nodes in 5 (36%), and bone in 1 (7%). In con-
trast to the HR group, however, no patient with sys-
temic recurrence after RFA was a candidate for retreat-
ment with curative intent.

SURVIVAL ANALYSIS

Univariate analysis of RFS showed that both tumor
size and treatment modality were associated with the
development of recurrence. The overall recurrence
rate was not statistically different in patients with a

tumor larger than 3 cm compared with tumors 3 cm
or smaller in diameter (62% vs 48%, respectively;
P=.06), but those with tumors larger than 3 cm had
recurrence sooner after treatment (median RFS, 19
months vs 32 months, respectively; P=.02). Patients
treated with RFA were significantly more likely than
patients treated with HR to have recurrence (77% vs
52%, respectively; P=.01) and had a shorter median
RFS (18 months vs 31 months, respectively; P=.006)
regardless of tumor size. Tumors larger than 3 cm
(odds ratio=1.90), primary tumors located in the rec-
tum (odds ratio=1.67), and treatment with RFA (odds
ratio = 2.29) were associated with a significant
increased risk for recurrence in multivariate analyses
(Table 3). For HR as compared with RFA, the 5-year
RFS rates (40% vs 0%, respectively; P=.006) and DFS
rates (50% vs 0%, respectively; P=.001) were signifi-
cantly higher (Figure 2). In addition, 3- and 5-year OS
rates were higher after HR (79% and 71%, respec-
tively) compared with RFA (57% and 27%, respec-
tively) (P�.001).

OUTCOME FOR PATIENTS
WITH SOLITARY CLM 3 CM OR SMALLER

A separate assessment of intrahepatic and distant recur-
rence patterns and survival rates for the 79 study pa-
tients with tumors 3 cm or smaller indicates that both
LR and OS rates significantly differed between patients
treated with RFA and HR. Of the 63 patients with tu-
mors 3 cm or smaller treated with HR, only 2 patients
(3%) recurred at the resection margin. In contrast, 5
(31%) of the 16 patients treated with RFA with metas-
tasis smaller than 3 cm had recurrence at the RFA site
(P=.001) (Figure 1). Thus, the 5-year LRFS rate for pa-
tients treated with HR was higher than after treatment
with RFA (97% vs 66%, respectively; P�.001)
(Figure 3). For patients with small tumors, RFA was
also associated with a marked decrease in 5-year OS
rates compared with HR (18% vs 72%, respectively;

Table 2. Univariate Analysis of Clinicopathological
Variables Associated With Local Recurrence

Factor

Patients With
Local Recurrence,

No./Total Patients, No. (%)*
P

Value

Sex
Male 15/109 (14)

.10
Female 4/71 (6)

Primary tumor location
Colon 10/119 (8)

.26
Rectum 9/61 (15)

Primary tumor stage
1-2 2/29 (7)

.44
3-4 16/145 (11)

Primary tumor node status
Negative 8/69 (12)

.81
Positive 8/85 (9)

Metastasis diagnosis
Synchronous† 10/92 (11)

.77
Metachronous 9/88 (10)

Metastasis diameter, cm
�3 7/79 (9)

.40
�3 12/101 (12)

Pre-HR CEA level, ng/mL
�200 14/150 (9)

.94
�200 1/9 (11)

Treatment
Resection 8/150 (5)

�.001
RFA 11/30 (37)

Abbreviations: CEA, carcinoembryonic antigen; HR, hepatic resection;
RFA, radiofrequency ablation.

*Local recurrence is defined as recurrence at resection margin or ablation
site. Median time to recurrence was not reached in any group or subgroup.

†Synchronous is defined as detection of a colorectal liver metastasis
1 year or sooner after treatment of the primary tumor.

Table 3. Multivariate Analysis of Factors of Outcome

Outcome OR (95% CI)
Multivariate

P Value

Local recurrence
RFA (vs HR) 7.35 (2.91-18.52) �.001

Distant intrahepatic recurrence
Synchronous (vs metachronous) 2.33 (1.11-4.89) .02
Tumor size �3 cm (vs �3 cm) 2.17 (1.01-4.65) .047

Any recurrence*
Tumor size �3 cm (vs �3 cm) 1.90 (1.26-2.88) .002
Primary tumor location in rectum

(vs colon)
1.67 (1.11-2.52) .01

RFA (vs HR) 2.29 (1.40-3.75) .001
Death

Tumor size �3 cm (vs �3 cm) 1.94 (1.06-3.55) .03
RFA (vs HR) 3.22 (1.74-5.96) �.001

Abbreviations: CI, confidence interval; HR, hepatic resection; OR, odds
ratio; RFA, radiofrequency ablation.

*Any recurrence includes local, distant intrahepatic, and extrahepatic
recurrence as well as their combinations.
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P=.006) (Figure 3). A trend in DFS rate difference was
noted, but it was not statistically significant (P=.15).

COMMENT

Here we report the 5-year OS rate of 71% and the 5-year
DFS rate of 50% following HR in 150 patients with soli-
tary colorectal metastasis. These rates exceed the 58% 5-year
survival rate following HR reported in single-institution se-
ries4-6 and a multicenter series7 that included all of the pa-
tients (with solitary and multiple metastases) resected dur-
ing a similar time period. These findings reveal that the
survival rate in the subset of patients with CLM who have
solitary lesions is far higher than the rate published in his-
torical series describing HR for CLM.11

In contrast, survival was significantly shorter in pa-
tients treated with RFA. Local tumor recurrence ap-
peared to be the major explanation for inferior survival
after RFA (37% of patients found to have LR at a median
follow-up interval of 31 months), which was reflected in
the markedly reduced DFS rate in patients treated with
RFA (0% at 5 years). Whereas the 5-year OS rate after
HR was 71%, it was only 27% after RFA. This outcome
after RFA is only marginally better than the carefully docu-
mented natural history of untreated solitary CLM in pa-
tients without extrahepatic disease reported by Wagner
et al26 more than 20 years ago.

Several factors have been associated with a higher
risk of LR after RFA. The factor described most often is
tumor size. To address this issue, our study analyzed
patients with tumors 3 cm or smaller; even in this sub-
set with small tumors, the recurrence rate was high af-
ter RFA (31%) compared with only 3% after HR. Al-
though tumor location adjacent to a major hepatic vein
has never been suggested as an indicator of tumor bio-
logical aggressiveness for CLM, a cold-sink effect has
been proposed as an explanation for LR when tumors
are treated in this location.25 We found no difference in
LR among patients with tumors in contact with major
hepatic veins (27%) compared with patients with tu-
mors remote from major veins (47%). Recent labora-
tory data suggest that RFA not only increases survival of
residual neoplastic cells but also strongly promotes in-
trahepatic proliferation of CLM,27 which may further

explain the inferior outcome after RFA compared with
HR in our study and in the literature.22,28

Several groups have proposed RFA as an alternative
to HR, but none have shown equivalence, much less su-
periority. Early studies by Solbiati et al29 and Lencioni
et al19 revealed a 34% incomplete ablation rate, a 23% to
34% LR rate (per lesion), and a 12% progression rate (per
lesion) at a follow-up of only 6.5 months. Subsequent
studies revealed little improvement over initial results.
In 2001, Solbiati et al16 described 117 patients with 179
metachronous CLMs and found a 39% LR rate (per le-
sion) after RFA; in 2003, Solbiati et al30 updated the fol-
low-up including 278 lesions in 166 patients with a 5-year
survival rate of only 22%. Livraghi et al22 described pa-
tients who were considered to be potentially resectable
and had limited disease (1-3 lesions, all �4 cm in diam-
eter; 50% of studied patients had solitary lesions) but again
found a treatment failure rate of 40% and, despite re-
treatment, a 40% LR rate at a median follow-up interval
of 28 months.

Important preliminary results of a 423-patient Ital-
ian multicenter trial28 are illustrative of the outcome
from RFA in CLM. Inclusion in this study required 4 or
fewer metachronous CLMs, all 5 cm or smaller, and no
evidence of extrahepatic disease. The number of lesions
per patient was few (mean±SD, 1.4±0.7 lesions per
patient), and the tumor sizes were small (mean±SD,
2.7±0.9 cm; range, 0.5-5 cm). At a mean follow-up of
only 19 months, the LR rate was 25%. The 5-year sur-
vival rate for patients with multiple tumors was only
11%, and the survival rate for patients with solitary le-
sions larger than 2.5 cm was equally poor (13% at a fol-
low-up of 5 years). The finding that patients with single
lesions that were 2.5 cm or smaller had a better survival
rate (56% at a follow-up of 5 years) is tempered by the
inclusion of patients with tiny lesions (0.5-1 cm)—
absence of pathologic proof that all of these lesions
were metastases leaves open the question of whether
some were benign lesions. The Italian multicenter trial
data are even more striking when viewed in the setting
of the overall 5-year survival rate of 72% for patients
with resected solitary lesions smaller than 3 cm in the
present series (with all of the treated lesions proven
pathologically to be metastases).
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Figure 3. Kaplan-Meier analysis of overall (P=.006) (A), disease-free (P=.15) (B), and local recurrence–free (P�.001) (C) survival proportions for study patients
with maximal tumor diameter 3 cm or smaller treated with hepatic resection (n=63; dotted lines) vs radiofrequency ablation (n=16; solid lines).
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Finally, Oshowo et al20 reported a comparative series
of patients with solitary CLM treated by RFA or HR. Al-
though their study found similar 3-year survival rates in
the 2 groups (53% for RFA and 55% for HR), it is striking
that there were no long-term survivors following HR in
their study. These results conflict with the finding in the
present study of an 80% 3-year survival rate (and a 71%
5-year survival rate) after HR and well-established data
showing 10- and 20-year survivors after HR of solitary and
multiple metastases, even without adjuvant chemo-
therapy.11 Thus, the proposal by Oshowo and colleagues
for a randomized study of RFA vs HR cannot ethically be
supported at this time.

To our knowledge, no study to date has demonstrated
that RFA is equivalent to resection for CLM, and the cur-
rent analysis, which focuses on a homogeneous group of
patients, supports this finding. Comparison of RFA and HR
in the present study is appropriate because the 2 groups
are oncologically similar. All of the factors known to in-
fluence prognosis after surgical treatment of CLM8 were
evenly distributed between the 2 groups—only the treat-
ments differed. Selection criteria for RFA, including the pres-
ence of liver disease, small predicted liver remnant, and pa-
tient comorbidity, are unlikely to explain the differences
observed in OS rates and do not explain differences ob-
served in disease-specific survival rates between groups.

The increased risk for complications associated with re-
section in patients with extensive underlying liver disease
is recognized and of growing concern.31,32 There are no data
to support the use of RFA as a replacement for resection;
therefore, the utility of RFA has been explored at our in-
stitution to treat patients not suitable for HR for the indi-
cations described in the present study. Analysis of our own
results with maturing follow-up and analysis of data from
other groups has led to decreasing use of RFA at our in-
stitution (9 RFAs for CLM in 2005 compared with 20 RFAs
for CLM per year on average prior to analysis of our own
data).6 Furthermore, we have established a program of liver
volumetry in candidates for extended resection24,33 and sys-
tematic use of preoperative portal vein embolization when
the liver remnant is inadequate.24,33-35 This practice has led
to a shift away from RFA toward extended hepatectomy, a
valid approach with very low mortality (0.8%) for pa-
tients previously considered unresectable.3 In addition, use
of effective systemic therapy has enabled downsizing of un-
resectable tumors36; staged resection with or without por-
tal vein embolization is being used with improving long-
term outcomes.24,37,38

In conclusion, hepatic resection is the preferred treat-
ment for solitary CLM. Local recurrence following he-
patic resection is uncommon, and long-term survival is
achieved in the majority of patients. Radiofrequency ab-
lation is associated with a high local failure rate regard-
less of tumor size, and long-term survivors are rare fol-
lowing this treatment. Careful consideration must be given
to selection of patients for surgical treatment of colorec-
tal metastases. Every effort must be made to use ad-
vances in patient preparation for surgery, including care-
fully planned chemotherapy, portal vein embolization,
2-stage hepatectomy, and referral to a specialty center be-
fore noncurative treatments such as ablation are used.
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DISCUSSION

David M. Nagorney, MD, Rochester, Minn: I would like to con-
gratulate Dr Abdalla and colleagues for evaluating 2 interven-
tional approaches for the treatment of the solitary hepatic me-
tastasis from colorectal carcinoma. The null hypothesis, that
is, no difference in outcome, clearly appears rejected by their
findings of significantly prolonged local recurrence–free, disease-
free, and overall survival after hepatic resection. Indeed, the
5-year survival of nearly 70% is striking. Being a staunch re-
sectionist myself, I applaud these results.

Your message is clear: think resection first and foremost and
RFA only as an alternative. These data should provide a cau-
tionary notice for those embracing RFA as the primary treat-
ment modality for metastases.

These groups were disparate only in size of sample and se-
lection factors, so why such a big difference? Resection is clearly
a mature technique and RFA is evolving, but I think that there
is probably something more than technique that accounts for
these differences. In this regard, I have several questions re-
lated to RFA. Is it an inferior technology? Is the technology sound
but the application errant? Or is patient selection the issue?

First, your data clearly show that RFA can destroy some tu-
mors but not others. Why are some tumors susceptible and oth-
ers not? Clearly, it was not size or position next to major vessels.
Is susceptibility to RFA in part tumor inherent? Could there be
morphologic, histologic, or even genetic factors of the metasta-
sis that account for RFA susceptibility to heat-induced necrosis?

Second, is the application errant because of limitations of
accurately defining the zone of destruction intraoperatively or
other technical issues? The Achilles heel of this technique is
accurate probe placement and tine deployment. Were these fac-
tors, RFA duration, type of device, or individual experience also
evaluated? And, do you have any caveats for those who use RFA
to ensure effectiveness?

Third, because most patients who underwent RFA had re-
currence, was selection an issue? Was the preoperative evalu-
ation of these patients similar to the resection group? Was their
nonsurgical treatment similar? Finally, using the “retrospect-
scope,” would patients undergoing RFA still be considered now
unresectable?

I learned a lot from the presentation. I really enjoyed the
paper. I will put it in my reading list and recommend it to my
residents. I thank the society for the opportunity to comment.

Dr Vauthey: Dr Nagorney, thank you for the insightful com-
ments regarding our study. In the day and age of bigger needles
for RFA and more powerful generators, I think your questions
regarding factors other than technique are quite legitimate.

In answer to your question regarding tumor type and re-
currence, if you look at hepatocellular carcinoma and look at
the data from the explant specimens of patients who under-
went radiofrequency before transplantation, you will find very
similar numbers to those presented here, with 35% or higher
residual tumor. The groups in Toronto and in Italy have con-
firmed these numbers.

Regarding the biologic factors, I think we have too few pa-
tients to look at specific factors affecting local recurrence after
radiofrequency ablation. I submit to you that these factors are
probably similar to factors associated with local recurrence af-
ter resection (Ann Surg. 2005;241:715-722), but the main fac-
tor is likely to be incomplete ablation since all patients but
2 died of disease.

Is it experience related? Three surgeons performed the ra-
diofrequency ablations. The surgeon who did more than 10 had
as many recurrences as the other 2 surgeons who did less than
10. This is obviously a small series and will not give us a lot of
information about the learning curve of the technique, but the
proportion of recurrences was similar.

Regarding the imaging evaluation, these patients were simi-
larly evaluated with a liver-protocol computed tomography with
thin cuts, which includes a precontrast study followed by con-
trast-enhanced arterial and early and late portal phases.

We did review all the images, and recurrence rates after ra-
diofrequency ablation were not associated with close proxim-
ity with major veins (hepatic vein, portal vein, vena cava).

Was the nonsurgical treatment similar? There was a simi-
lar proportion of patients receiving chemotherapy in both groups,
so progress may rest on improving technique. So, there is a need
for better imaging while radiofrequency is being performed. Per-
haps we should look at better ways of using intraoperative ul-
trasound with the use of contrast agents. Some groups in Ja-
pan recommend postradiofrequency mapping of the ablation
zone within 10 days after radiofrequency ablation and com-
pare with the preoperative computed tomography, and if nec-
essary, reablate to achieve a wider area of ablation.

Using the retrospectscope, yes, we could have resected some
patients. In fact, I myself resected 2 of these patients who re-
curred after radiofrequency ablation. We have now a program of
liver volumetry and portal vein embolization, which we pre-
sented to this association 3 years ago (Arch Surg. 2002;137:675-
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680). And, we use portal vein embolization in patients who need
extended liver resection and do have a small liver remnant.

Finally, to go back to the main message of this paper, I think
this paper shows that regardless of the biology of the tumor,
resection is superior, provides evidence of long-term survival,
and radiofrequency even in patients who did not recur locally
does not provide the shoulder in the survival curve. And this
is concerning, and therefore, every patient should be consid-
ered for resection.

Merril T. Dayton, MD, Buffalo, NY: Given what appears to
be the superiority of resection over RFA, other than patients with
severe comorbidity, is there any other use for RFA in your view?
In other words, what role will RFA play in the future?

Dr Vauthey: I think less and less. I think there are patients
with severe underlying liver disease in whom you cannot do a
major resection. We have now a number of patients who de-
velop hepatic injury from chemotherapy. And, I think we have
to look at these patients as carefully as the patients we select
for major resection in cirrhosis. So, in cases of patients with
ill-located lesions with underlying liver disease who require ma-
jor resection, alternative treatments such as ablation may re-
main useful.

Philip D. Schneider, MD, Sacramento, Calif: I agree vir-
tually 100% with everything that your group has presented. But,
you mentioned 1 obvious selection criterion which I think you
are going to have to address more specifically in the manu-
script, and that is the issue of selection based on an estimate
that the patient didn’t have satisfactory remnant volume. So,
at least some RFA patients were selected by apparently having
more liver disease than the patients that went on to resection.

How that influences the results I don’t know, but it is clearly
one of the selection criteria that you haven’t addressed that may
influence the outcome. So, you may have to specify how many
died of liver failure vs how many died of progressive meta-
static disease.

Dr Vauthey: There were 7 patients who were selected for
radiofrequency ablation based on a small liver remnant. These
patients today would be considered for resection, but they un-
derwent radiofrequency ablation prior to the development of
our program. Answering your question, the manuscript will pro-
vide the disease-free survival, and this should account for deaths
unrelated to cancer.

Anton J. Bilchik, MD, Santa Monica, Calif: I enjoyed your
presentation. M. D. Anderson has made major contributions
to our understanding of both ablation and hepatectomy for liver
malignancies.

Can you clarify for me whether the local recurrence rate of
31% in small tumors could be explained by the close proximity
to major blood vessels? Do you have any data on what the local
recurrence rate at your center is for lesions less than 3 cm not in
close proximity to blood vessels?

Second, in the initial study of radiofrequency ablation, your
group reported a 1.9% local recurrence rate at a median fol-
low-up of 15 months; this is substantially less than the recur-
rence rates you reported today. Do you think that the median
follow-up in the initial study was too short?

Dr Vauthey: Regarding your second question about the dif-
ferences in results, there were 2 problems, I think, with these

earlier studies. First, the follow-up was much shorter in prior
studies than in the current study. Second, in the current study,
we excluded patients who did not have complete radiological
follow-up at M. D. Anderson. Patients go away and then get
no follow-up, and this may lead to an underestimation of local
recurrence.

Regarding the proximity to the veins and the higher likeli-
hood of recurrence, you have seen the data regarding recur-
rence near the hepatic vein for the whole group. I do not have
the data for the tumors less than 3 cm. But, I think we would
have small numbers without statistical power and I don’t think
it matters. I think, in fact, an interesting finding of this paper
is that, overall, we had no more recurrence near major veins
with radiofrequency ablation.

Kelly M. McMasters, MD, Louisville, Ky: Given the fact that
this is not a randomized study and that the policy at M. D. Ander-
son has been, of course, to resect patients with resectable tu-
mors for quite some time, do you think it is really fair to com-
pare the survival of the patients who underwent RFA here to
those that underwent resection? Were there other factors such
as performance status, comorbidity, etc, that really make these
comparisons for survival not valid?

Dr Vauthey: That is why the paper will provide 3 panels
that demonstrate consistently divergent outcomes between he-
patic resection and radiofrequency ablation in the 2 figures (over-
all size and size �3 cm). We are looking not only at the over-
all survival but also at disease-free survival. Again, all but 2 died
of disease in the radiofrequency group.

William C. Chapman, MD, St Louis, Mo: I, too, would like to
applaud the M. D. Anderson group for reporting the suboptimal
results with their experience with RFA and essentially what is an
“about-face”comparedwithyourearlierreportswithradiofrequency
ablation. I have a couple of questions for the authors.

One is, what do you think the role of targeting is in this high
failure rate? Is there something that has changed in your pro-
gram that has led to this higher incidence of local recurrence?

Second, is there any role for preoperative biopsy in pa-
tients that you suspect you may discover to have a parenchy-
mal problem at exploration? In other words, this cohort of pa-
tients, many of whom had fibrosis or other findings perhaps
chemotherapy related, that if you had known about in ad-
vance, would you have pushed harder for portal vein emboli-
zation or some other approach to allow for safe resection?

Dr Vauthey: Thank you, Dr Chapman. I don’t think any-
thing has changed. I think we have a better analysis of the co-
hort and an extended follow-up. Our initial paper reported
mainly safety with short follow-up.

Regarding your recommendation of preoperative biopsy in
patients with underlying liver disease, I think it should be stud-
ied further prospectively. You can suspect steatosis based on
the liver-spleen ratio on the precontrast phase of the com-
puted tomography, and we are currently evaluating this fur-
ther. The biopsy, however, may not be totally reliable because
steatosis may be geographical in distribution and there may be
inter- and intraobserver variation in the assessment of steato-
sis. So, I would recommend considering laparoscopy if you have
a suspicion of underlying liver disease before proceeding.
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