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Background: Resection combined with radiofrequency ablation (RFA) is a novel approach in
patients who are otherwise unresectable. The objective of this study was to investigate the safety and
efficacy of hepatic resection combined with RFA.

Methods: Patients with multifocal hepatic malignancies were treated with surgical resection
combined with RFA. All patients were followed prospectively to assess complications, treatment
response, and recurrence.

Results: Seven hundred thirty seven tumors in 172 patients were treated (124 with colorectal
metastases; 48 with noncolorectal metastases). RFA was used to treat 350 tumors. Combined
modality treatment was well tolerated with low operative times and minimal blood loss. The
postoperative complication rate was 19.8% with a mortality rate of 2.3%. At a median follow-up of
21.3 months, tumors had recurred in 98 patients (56.9%). Failure at the RFA site was uncommon
(2.3%). A combined total number of tumors treated with resection and RFA �10 was associated
with a faster time to recurrence (P � .02). The median actuarial survival time was 45.5 months.
Patients with noncolorectal metastases and those with less operative blood loss had an improved
survival (P � .03 and P � .04, respectively), whereas radiofrequency ablating a lesion �3 cm
adversely impacted survival (HR � 1.85, P � .04).

Conclusions: Resection combined with RFA provides a surgical option to a group of patients
with liver metastases who traditionally are unresectable, and may increase long-term survival.
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Patients with primary and secondary malignancies of
the liver are extremely common. Worldwide, hepatocel-
lular carcinoma (HCC) is one of the most widespread
solid cancers, with an estimated incidence of at least one
million new patients per year.1 In the United States,
colorectal cancer represents the third most common type
of cancer for both men and women, with an annual
incidence of 130,000 new cases. A majority of these
patients develop secondary metastatic disease within

their liver and a significant subset of these patients has
isolated hepatic disease (20%).2 Although less frequent,
other solid malignancies, such as neuroendocrine, breast,
and sarcoma, can also metastasize solely to the liver.
Surgical resection of primary and metastatic liver tumors
is considered to be the optimal treatment modality with a
curative effect, offering a 5-year survival rate between
20% and 35%.3–5 Despite this, surgical extirpation is
seldom undertaken. The majority of patients with pri-
mary or metastatic malignancies confined to the liver are
not candidates for curative resection because of tumor
location, multifocality, proximity of tumor to vessels, or
inadequate functional hepatic reserve. In fact, only 5% to
15% of newly diagnosed primary or secondary liver
malignancies are amenable to surgical resection.6,7 In an
attempt to provide treatment for the overwhelming ma-
jority of patients who are not candidates for isolated
hepatic resection, novel treatment approaches to control
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and potentially cure primary and secondary liver disease
are being explored.

Radiofrequency ablation (RFA) has become a widely
used ablative technique for primary and secondary liver
tumors. RFA involves the localized application of ther-
mal energy to destroy tumor cells. Alternating electric
current in the range of radiofrequency (RF) waves (460
kHz) is applied from an RF generator through a needle
electrode placed directly into the tumor.8 This agitates
ions in tissue surrounding the electrodes, causing local-
ized frictional heating and thermal coagulative necrosis.
Others have shown that RFA of liver malignancies is
safe, efficacious, and has acceptable local recurrence and
short-term survival rates.9–14 Virtually all studies to date,
however, have investigated RFA as an isolated, alterna-
tive therapy for unresectable hepatic disease. To our
knowledge, hepatic resection combined with simulta-
neous RFA of unresectable secondary lesions in a large
series of patients has not been reported.

Combining hepatic resection with RFA allows the
surgeon to remove the bulk of disease or larger tumors
while ablating any residual smaller lesions. By combin-
ing techniques, more patients may become candidates for
hepatic resection, as any remaining “unresectable” tu-
mors can be ablated while still preserving an adequate
volume of perfused functional liver. Although conceptu-
ally appealing, there is presently little empirical data to
support the use of this combination of therapy. In this
study, we review a large cohort of patients who under-
went combined multimodality treatment consisting of
hepatic resection with RFA of additional lesions for the
treatment of primary or secondary hepatic malignancies.
The objective of this study was to investigate and eluci-
date the feasibility, safety, and potential efficacy of he-
patic resection combined with RFA.

MATERIALS AND METHODS

Between January 1996 and April 2002, a series of 172
patients underwent combined hepatic resection with in-
traoperative RFA. All patients with histologically con-
firmed primary or metastatic hepatic malignancies with
no clinical, radiographic, or intraoperative evidence of
extrahepatic disease were eligible for combined treat-
ment. To be eligible, patients had to have multifocal
hepatic disease that was deemed unresectable by classic
standards due to either the location of the disease or the
volume of liver involved. Patients were deemed surgi-
cally unresectable for cure based on the number or bilo-
bar location of tumors, tumor proximity to major vascu-
lar structures precluding a margin-negative resection,
and/or the presence of cirrhosis with a functional hepatic

reserve inadequate to tolerate major hepatic resection. In
all cases, the intent of the surgical procedure could not
have been curative had it not been associated with RFA.
Patients were considered for RFA even if they had tumor
abutting a major portal or hepatic vein branch or the
inferior vena cava, but they were excluded if tumor
involved the main right or left bile duct (or both) because
of the probability of destruction of the major bile ducts
by RFA.

All patients were evaluated with a baseline history and
physical examination; serum laboratory tests consisting
of a complete blood count, platelets, coagulation profile,
hepatitis B and C virus serology (HCC patients only),
renal panel, electrolytes, albumin, alanine aminotransfer-
ase, aspartate aminotransferase, gamma-glutamyl trans-
ferase, alkaline phosphatase, total bilirubin, and serum
alpha-fetoprotein (AFP) or serum carcinoembryonic an-
tigen (CEA) as deemed appropriate; computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) scan of
the abdomen and pelvis; and a chest radiograph. Patients
were excluded for combined modality treatment if their
platelet count was �40,000/�L or if the prothrombin
time was prolonged more than 1.5 times above normal.
However, if platelet or fresh-frozen plasma transfusions
corrected the abnormal laboratory values to meet these
criteria, the patient received treatment. Those patients
with a white blood count below 2,000 or a bilirubin �2.0
mg/dL were also excluded.

All patients were treated surgically with both resection
and RFA during one operation. Upon entering the abdo-
men, an initial exploration was performed to preclude the
presence of extrahepatic disease. An intraoperative he-
patic ultrasound was then performed to identify, count,
and characterize the nature and vascular proximity of the
hepatic lesions. Routinely, the hepatic resection was per-
formed first. The location of the hepatic lesion and its
relation to surrounding vascular and biliary structures
dictated whether or not a formal anatomic resection was
performed. In general, hepatic resection was performed
using a stapling technique as previously described.15

After removal of the index lesion(s), the remaining un-
resectable lesions were treated with RFA after a stan-
dardized treatment algorithm.16,17 Intraoperative ultra-
sonography was used to place the RF needle into the
lesions to be treated by RFA. RFA was administered
using the RF 2000 or 3000 generator system (Boston
Scientific Corp, Natick, MA), a LeVeen monopolar nee-
dle electrode (4.0-cm maximum array diameter), and
four indifferent dispersive grounding pads applied to the
patient’s skin. The RF 2000 system consists of a gener-
ator that supplies up to 100 W of power, whereas the RF
3000 provides up to 200 W of power. The LeVeen needle
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electrode is a 15-gauge, 12- to 15-long insulated cannula
that contains 10 to 12 individual hook-shaped electrode
arms that are deployed in situ. For tumors �2.5 cm in
diameter, the multiple array was deployed into the center
of the tumor. For larger lesions, the array was first
deployed at the most posterior interface (ultrasono-
graphically) between tumor and normal liver parenchy-
ma; it was subsequently withdrawn and redeployed at
1.5-cm intervals in the tumor. Each tumor or area within
a large tumor was treated with a two-phase application of
RF power before retracting the multiple array and repo-
sitioning or removing the needle electrode. The electrode
was optimally positioned to achieve complete destruc-
tion of tumor and at least a 1-cm zone of normal liver
parenchyma when possible.

After hepatic resection and tumor ablation, the same
battery of serum blood tests as had been drawn preoper-
atively were again obtained postoperatively on days 1, 7,
and 30. At 1 month and every 3 months up to 2 years
after treatment, and then every 6 months thereafter, a CT
or MRI scan of the abdomen, a chest radiograph, and
serum laboratory tests were obtained.

For purposes of this study, the following were col-
lected for all patients: patient age and sex; tumor histol-
ogy, number, location, and size; type of surgical resec-
tion; operative details; disease status; follow-up date;
death date; and complication data. Disease status was
classified as no evidence of disease (NED), alive with
disease (AWD), dead of disease (DOD), or dead of other
causes at last known follow-up. Recurrences were de-
tected by CT/MRI imaging or via biopsy diagnosis and
were defined as tumors occurring either at local sites of
prior ablation, distant sites within the liver, or distant
sites outside of the liver.

Distribution of survival time and time to progression
were analyzed in relation to the different variables col-
lected. Univariate tests (log-rank) were used to test for
differences in these distributions by any single factor.
Those factors that appeared to have significant impact on
survival or time to progression were entered into a Cox
proportional hazards model to test for significant effects
while adjusting for multiple factors simultaneously.

RESULTS

During the study period, a total of 172 patients were
treated using the combined modality of hepatic resection
with RFA. There were 102 men (59.9%) and 70 women
(40.1%), with a median age of 56.2 years (range, 12–80
years). In all cases, RFA treatment and hepatic resection
were performed at The University of Texas M.D. Ander-
son Cancer Center. The primary cancer diagnoses in

these patients are shown in Table 1. Combined hepatic
resection and RFA was used to treat metastatic colorectal
cancer in the overwhelming majority of cases: 124 pa-
tients (72.1%). Metastatic leiomyosarcoma was the sec-
ond most commonly treated lesion (n � 13, 7.6%),
whereas only 5 patients (2.9%) had multifocal HCC.
Other more uncommon lesions included metastatic car-
cinoid, pancreatic cancer, neuroendocrine tumors, breast
metastases, cholangiocarcinoma, and one patient with
ocular melanoma. This latter group of patients, however,
only accounted for 17.6% of the total patients treated and
represents a highly selected cohort of patients. The com-
mon factor in these patients with noncolorectal liver
metastases was liver-only disease confirmed on multiple
imaging studies that was responding or stable on suitable
systemic chemotherapy regimens.

Resection combined with RFA was used to treat 737
tumors. A total of 387 tumors were treated with hepatic
resection, whereas 350 tumors underwent RFA. The me-
dian number of tumors per patient was 3 (range, 2–21);
the median number of tumors surgically excised per
patient was 2 (range, 1–9), and the median number of
tumors ablated was 1 (range, 1–12). Surgery involved
resection of a single tumor in 81 patients (47.1%), two
tumors in 30 patients (17.4%), three tumors in 31 pa-
tients (18.1%), and more than three in 30 patients
(17.4%) (Table 2). In performing the hepatic resection,
the type of procedure employed varied widely (Table 3).
The majority of patients (n � 101, 58.7%) had a resec-
tion that involved the removal of at least 2 hepatic
segments and a full one-half of the patients underwent at
least a formal hepatic lobectomy in addition to the RFA
treatment. Specifically, 31 patients (18%) underwent a

TABLE 1. Characteristics of the 172 patients treated with
hepatic resection and RFA

n (%)

Median age (y) 56.2 (range, 12–86)
Gender

Female 70 (40.1)
Male 102 (59.9)

Histology of hepatic disease
Colorectal metastasis 124 (72.1)
Leiomyosarcoma metastasis 13 (7.6)
Carcinoid metastasis 10 (5.8)
Hepatocellular carcinoma 5 (2.9)
Pancreas metastasis 4 (2.4)
Neuroendocrine metastasis 3 (1.7)
Breast metastasis 4 (2.4)
Sarcoma metastasis NOS 3 (1.7)
Cholangiocarcinoma 2 (1.1)
Ocular melanoma metastasis 1 (.6)
Other 3 (1.7)

RFA, radiofrequency ablation; NOS, not otherwise specified.
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right lobectomy, 11 patients an extended right lobectomy
(6.4%), 28 patients a left lobectomy (16.3%), 14 patients
an extended left lobectomy (8.1%), and 2 patients (1.1%)
a right trisegmentectomy. Only 21 patients (12.2%) had
a simple wedge resection.

After removal of the index lesion(s), the remaining
unresectable lesions were treated with RFA following a
standardized treatment algorithm. RFA was used to treat
350 lesions: a single tumor in 97 patients (56.4%), two
tumors in 34 patients (20.0%), and three or more tumors
in 41 patients (23.6%) (Table 2). The diameter of each
tumor was measured in three dimensions by ultrasonog-
raphy before RFA. The median size of the lesions treated
with RFA was 1.8 cm � 1.6 cm � 1.5 cm (range, .3 cm
� .3 cm � .3 cm to 12.0 cm � 12.0 cm � 5.5 cm). In
general, adding RFA to the hepatic resection was well
tolerated and added minimal complexity or morbidity to

the operation. The median operative time for the com-
bined procedure was 3.0 hours (range, 1–8.13 hours)
with a median blood loss of 200 cc (range, 50–2000 cc).
Only one intraoperative RFA-associated complication
occurred: a partial thickness thermal injury to the adja-
cent stomach, which was recognized and repaired at the
time of injury; there were no long-term consequences of
this injury in the patient.

The postoperative complication rate was 19.8% (34
complications occurring in 25 patients), including 4 post-
operative deaths for an overall mortality rate of 2.3%
(Table 4). A number of complications were minor and
not necessarily related to the type of procedure per-
formed. These included prolonged postoperative ileus
(2.3%), urinary tract infections (.6%), and pleural effu-
sion (.6%). Intermediate morbidity complications in-
cluded cardiac events such as tachycardia or dysrhyth-
mias (1.7%), biloma (2.3%), perihepatic abscess (1.7%),
and pneumonia (2.9%). There was no correlation be-
tween the extent of the liver resection or number of
tumors treated with RFA and the development of post-
operative complications. Major complications such as
adult respiratory distress syndrome (.6%), multisystem
organ failure/hepatic failure (1.7%), postoperative bleed
(.6%), and pulmonary embolus (.6%) were more uncom-
mon and predominantly occurred in the 4 patients who
died postoperatively (Table 5). A review of the 4 post-
operative deaths revealed that 2 deaths were related to
liver failure. Patient 1 had cirrhosis and did not tolerate
a limited resection involving the removal of hepatic
segments V and VI. In contrast, patient 4 had normal
preoperative liver function, but did not have enough
hepatic reserve to tolerate an extended right lobectomy
with RFA and postoperatively developed multisystem

TABLE 3. Operative procedures performed

n (%)

Operative procedure
Wedge resection 21 (12.2)
Segment I and III resection 1 (.6)
Segment II and III resection 30 (17.4)
Segment IV resection 1 (.6)
Segment V and VI resection 12 (7.0)
Segment VI resection 10 (5.8)
Segments II, III, V and VI resection 7 (4.1)
Bilobar resection NOS 4 (2.4)
Right lobectomy 31 (18.0)
Extended right lobectomy 11 (6.4)
Left lobectomy 28 (16.3)
Extended left lobectomy 14 (8.1)
Trisegmentectomy 2 (1.1)

NOS, not otherwise specified.

TABLE 2. Patient tumor burden characteristics

n (%)

Total no. of tumors treated 737
Median no. of tumors per patient 3 (range, 2–21)
Total no. of tumors resected 387

Median no. per patient 2 (range, 1–9)
1 Lesion 81 (47.1)
2 Lesions 30 (17.4)
3 Lesions 31 (18.1)
�4 Lesions 30 (17.4)

Total no. of tumors treated with
RFA

350

Median no. per patient 1 (range, 1–12)
1 Lesion 97 (56.4)
2 Lesions 34 (20.0)
�3 Lesions 41 (23.6)

Median size of Lesion treated
with RFA (cm)

1.8 � 1.6 � 1.5

Smallest lesion .3 � .3 � .3
Largest lesion 12 � 12 � 5.5

RFA, radiofrequency ablation.

TABLE 4. Postoperative complications and deaths:
complications (34 complications in 25 patients)

n (%)

Ascites 1 (.6)
Adult respiratory distress syndrome 1 (.6)
Cardiac event 3 (1.7)
Fluid collection/biloma 4 (2.3)
Multisystem organ failure/hepatic failure 3 (1.7)
Perihepatic abscess 3 (1.7)
Pleural effusion 1 (.6)
Pneumonia 5 (2.9)
Pneumothorax 1 (.6)
Postoperative bleed 1 (.6)
Postoperative death 4 (2.3)
Prolonged postoperative ileus 4 (2.3)
Pulmonary embolus 1 (.6)
Thermal injury to stomach 1 (.6)
Urinary tract infection 1 (.6)
Total complication rate: 19.8%
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organ failure. Patient 3 had a postoperative bleed result-
ing in cardiac arrest and death.

At a median follow-up of 21.3 months, tumor had
recurred in 98 patients (56.9%).

The site of first recurrence was isolated to the RFA site
in 8 patients (8.2%), a non-RFA hepatic recurrence in 38
patients (38.8%), a non-RFA hepatic recurrence plus
distant disease in 31 patients (31.6%), and isolated dis-
tant disease in 21 patients (21.4%). Interestingly, the
median time to failure was about 7.5 months in all cases
(Table 6). Not unexpectedly, the most common site of
distant disease was pulmonary metastases. A detailed
review of the 8 patients with RFA site recurrences re-
vealed that 4 patients had lesions ablated that were � 3
cm (Table 7). One patient had a 12-cm lesion treated
with RFA but recurred �2 months postoperatively. It is
important to note that although 8 patients out of 172
recurred at the RFA site for an overall patient failure rate
of 8.2%, there were only 8 treatment site failures out of
350 tumors ablated (2.3%).

Univariate analysis was performed to detect which
factors possibly had an effect on the time to recurrence.
As shown in Table 8, the only factor that affected time to
recurrence was the total number of tumors treated (i.e.,
the total number of tumors surgically resected plus those
treated with RFA). When tested in a four-category sys-
tem, there was a statistically significant difference in the
time to recurrence in those patients who had more than
10 tumors treated (P � .02). These patients had a shorter
median disease-free survival time (2.3 months) as com-

pared to those patients with fewer tumors (7.6–10.3
months) (Fig. 1). Although the total numbers of tumors
treated seemed to impact time to recurrence, the number
and size of tumors treated with RFA did not effect
median time to recurrence (P � .44 and P � .42, re-
spectively) (Fig. 2). Similarly, other factors such as age,
type of cancer, simultaneous vs. metachronous metasta-
ses, and type of resection all did not impact time to
recurrence on univariate analysis (all P � .05). In all
cases, the median time to recurrence was �12 months,
suggesting that the majority of patients who do recur will
do so within a short period of time after surgery.

On multivariate analysis, the total number of tumors
was again the only significant variable that affected time
to recurrence. Those patients who had more than 10
tumors treated with combined hepatic resection and RFA
were significantly more likely to have a shorter time to
recurrence than those with less disease (HR � 1.63, CI �
1.12–2.36, P � .009).

With regard to survival, at last follow-up 60 patients
(34.8%) had died of disease, whereas 112 patients
(65.2%) were still alive. The overall median actuarial
survival time was 45.5 months. Univariate analysis re-
vealed that the type of cancer as well as the amount of
blood loss were significant factors affecting overall sur-
vival. Those patients with noncolorectal metastases had a
significantly better median survival (59 months) as com-
pared to those patients with colorectal metastases (37.3
months) (P � .03) (Fig. 3). The amount of surgical blood
loss also significantly affected overall survival. Patients
with � 1000 cc blood loss had a median survival of 30.5
months as compared to 42.6 months and 56.6 months for
patients with �250 cc and 250 to 1000 cc blood loss,
respectively (P � .04). The effect of blood loss on
survival was not seen in the immediate postoperative
period but rather became more evident in long-term
follow-up (Fig. 4). Although not statistically significant,
those patients who had RFA of a lesion �3 cm showed
a trend toward worse survival (P � .14). Other factors
such as age, number of RFA tumors, type of surgery, and
total number of tumors treated did not significantly affect
survival on univariate analysis (all P � .05).

TABLE 5. Postoperative complications and deaths: postoperative deaths (n � 4, 2.3%)

Diagnosis Procedure
No. Lesions

RFA
OR time

(h) EBL (cc) Complication
Day of
death

Patient 1 HCC Segment V, VI resection 1 2.8 200 Pneumonia; ascites; liver failure; MSOF 10
Patient 2 CRC Segment V resection 1 2.35 500 Pneumonia; ARDS 5
Patient 3 CRC Extended left lobectomy 2 8.13 1500 Bleed; cardiac arrest 7
Patient 4 CRC Extended right lobectomy 1 6.3 2000 Liver failure; MSOF 13

HCC, hepatocellular carcinoma; CRC, colorectal carcinoma metastasis; RFA, radiofrequency ablation; OR, operating room; EBL, estimated blood
loss; ARDS, adult respiratory distress syndrome; MSOF, multiple system organ failure.

TABLE 6. Details of tumor recurrence after hepatic
resection and RFA: overall recurrence rates

Site of first recurrence

No. of
patients

(n � 98)
n (%)

Median
time to
failure
(mo)

Range
(mo)

RFA site 8 (8.2) 7.5 (1.5–19.1)
Non-RFA hepatic recurrence 38 (38.8) 7.5 (1.0–29.7)
Non-RFA hepatic recurrence

plus distant disease
31 (31.6) 7.5 (2.3–23.4)

Distant disease only 21 (21.4) 7.6 (3.2–26.5)

RFA, radiofrequency ablation.
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As colorectal cancer is the major type of hepatic
metastasis confronting surgeons in the United States, we
felt it important to analyze this group separately. As
noted above, those patients with colorectal metastases
had a median actuarial survival of 37.3 months. Addi-
tional analysis revealed that patients with synchronous
colorectal metastasis had a better overall survival as
compared to patients with metachronous metastases
(P � .04).

On multivariate survival analysis, the size of the RFA
lesion was the only factor that significantly impacted
survival. Patients who underwent RFA of a lesion �3 cm
had a higher likelihood of death than those who under-
went RFA of a lesion �3 cm (HR � 1.85, CI � 1.02–
3.37, P � .04). Similar to univariate analysis, there was
a trend suggesting that patients with synchronous hepatic
metastases did better than those patients with metachro-
nous lesions (HR � .64, CI � .36–1.14, P � .13).

DISCUSSION

Primary and secondary malignancies of the liver are
extremely common. The liver is second only to lymph
nodes as the most frequent site of metastasis from other
solid cancers.2 In fact, liver failure from extensive me-
tastases often constitutes the main cause of death in
patients with both colorectal cancer as well as a number
of other common carcinomas. Surgical resection for pri-
mary and secondary hepatic malignancies is considered

FIG. 1. Total burden of disease-treated (i.e., the total number of
tumors surgically resected plus those treated with radiofrequency ab-
lation ) impacts recurrence. Those patients with a total tumor burden of
�10 lesions treated do have a shorter median disease-free survival time
as compared to those with fewer tumors (P � .02).

TABLE 8. Univariate analysis of factors affecting time
to recurrence

Median disease-free
survival time (mo)

P value for
log-rank test

No. of RFA tumors
1 8.1
2 7.5
3� 9 .60

Total no. of tumors
2 10.3
3 to 4 7.7
5 to 10 7.6
11� 2.3 .02

RFA size
�3 cm 8.5
�3 cm 6.6 .42

Age
�55 9
�55 7.7 .44

Type of cancer
Colorectal metastases 7.7
Noncolorectal metastases 10.2 .92

Metastases
Metachronous 7
Synchronous 8.8 .99

Type of surgery
�2 Segments resected 8.5
�2 Segments resected 8.1 .96

Blood loss
�250 cc 7.3
250–1000 cc 10.2
�1000 cc 11.5 .41

Resection margin
�1 cm 7.7
�1 cm 9.9 .50

RFA, radiofrequency ablation.

TABLE 7. Details of tumor recurrence after hepatic resection and RFA: recurrence at the RFA site

No. of lesions Size of lesion (cm) Location of lesion

Time to
recurrence

(mo) Histology

Patient 1 1 5 � 5 � 3.5 Segment VII 3.3 Colorectal
Patient 2 1 1 � 1 � 1 Segment VI 6.8 Colorectal
Patient 3 5 4 � 6 � 6 Segments VI, VII, VIII 10.2 Leiomyosarcoma
Patient 4 2 1 � 1 � 1 Segment VI 7.5 Colorectal
Patient 5 1 12 � 12 � 5.5 Right lobe 1.5 Colorectal
Patient 6 1 1.8 � 1.5 � 1.0 Segment I 19.0 Colorectal
Patient 7 1 3.5 � 3.5 � 3.5 Segment IV, V 19.0 Colorectal
Patient 8 1 1.5 � 1.5 � 1.5 Segment V 10.6 Colorectal

RFA, radiofrequency ablation.
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the only treatment modality with potential for a curative
effect. In selected patients with metastatic disease con-
fined to the liver, reported five-year survival rates for
patients undergoing resection of secondary metastatic
liver tumors range from 20% to 35%.3–5 In contrast,
without any treatment, the median survival after the
detection of liver metastases is approximately 9 months,
depending on the extent of the disease at the time of
diagnosis.18 The outcomes for patients treated with sys-
temic chemotherapy strongly depend on the regimen
used and type and organ of origin of the cancer, but
generally a 1-year survival rate of approximately 60% is
reported, with a 2-year survival rate below 30%.19 Five-
year survival and cure are both exceedingly rare for
patients with hepatic metastases treated with chemother-
apy alone. Given this, the availability of surgical therapy

for hepatic malignancies is critical if higher long-term
survival rates are to be achieved. Unfortunately, most
patients (80% to 90%) are not candidates for surgical
resection either due to extent or distribution of disease.20

Traditionally, for a tumor to be considered appropriate
for resection, there must not be any extrahepatic disease
or severe hepatic dysfunction, the tumor or tumors must
not be so extensive that too little functioning liver re-
mains after the resection, at least a 1-cm tumor-free
resection margin should be attained, and there should not
be any involvement of the confluence of the portal
vein.20,21 Recent advances have led to the development

FIG. 4. Patients with �1000 cc blood loss had a median survival less
than that of patients who had �250 cc and 250 to 1000 cc blood loss
(P � .04). Effect of blood loss on survival was not seen in the
immediate postoperative period but rather became evident in long-term
follow-up.

FIG. 2. Although the total number of tumors treated seemed to
impact time to recurrence, the number (A) and the size (B) of tumors
treated with radiofrequency ablation (RFA) did not affect median time
to recurrence (P � .44 and P � .42, respectively).

FIG. 3. Patients with noncolorectal metastases had a significantly
better median survival (59 months) as compared with those patients
with colorectal metastases (37.3 months) (P � .03).
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of several alternative treatment methods designed to pro-
vide therapy for the majority of patients diagnosed with
liver cancer who are not candidates for surgical
resection.

Interstitial local ablative techniques involving either
freezing (cryoablation),22,23 chemical desiccation (alco-
hol ablation),24,25 or RFA9,26,27 have all been described.
Among these, rapid freezing of tissue with exposure to
liquid nitrogen cryoprobes at 196°C has a high risk of
liver fracture, hemorrhage, and tumor-lysis syndromes,
whereas alcohol injection results in nonhomogeneous dis-
tribution within tumors and results in incomplete areas of
necrosis.28 Neither of these local therapies produces ex-
tended long-term survival in most patients.29–33 In contrast,
isolated RFA of unresectable liver malignancies has been
shown to be safe and efficacious; however, local recurrence
rates ranging from 5% to 30% have been reported.9–14

In general, most data concerning RFA treatment of
hepatic tumors has come from studies involving patients
with unresectable disease who have had RFA as primary
therapy. In these studies, RFA has proven to be an
extremely safe procedure with a complication rate lower
than 10%.9,10 Previous studies using both imaging stud-
ies and pathological evaluation of ablated lesions have
shown complete tumor eradication.34–37 Recent studies
with isolated RFA show a median survival of 34 months
and a 3-year survival rate of 36% from the time of
thermal ablation.38,39 Recurrence rates at the RFA site
have been reported to be �10% after surgical RFA, with
most treatment failures occurring in larger tumors (�3–4
cm in diameter).9,10,13,40 One explanation for local RFA
site failure in 4 of the 8 patients in the present study is the
large size of the ablated lesion with a corresponding
inadequate tumor kill. Local RFA failure, however,
could not be completely attributed to the size of the
lesion ablated as the other 4 patients had tumors �3 cm.

We do not advocate use of RFA as a replacement for
resection, which remains the gold standard for the treat-
ment of malignant liver tumors. Rather, RFA has been
advocated as a treatment solely for those tumors that are
unresectable by virtue of their number, location, or size
relative to liver volume. At the University of Texas M.D.
Anderson Cancer Center, in an attempt to increase the
number of patients who are eligible for aggressive sur-
gical removal or destruction of tumors, we now perform
RFA in combination with hepatic resection. Despite the
theoretical appeal of combination therapy, there is some
concern in the surgical community that the addition of an
ablative therapy to a major hepatic resection would be
unsafe and add significant complexity to an already
demanding operation. Additionally, there is concern that
patients with traditionally unresectable disease represent

a population of patients who have a larger tumor burden
associated with biologically more aggressive disease and
an inherently poorer prognosis. Performing a potentially
morbid procedure (such as a resection with RFA) would
be unwarranted if it could not lead to meaningful long-
term survival in a subset of patients. In reviewing the
literature, there have been occasional reports of RFA
being used as an adjunct to resection, but these studies
have included only small numbers of patients.40,41 The
current study represents the largest series of patients
reported to date who have been treated simultaneously
with hepatic resection and RFA.

This study was performed to address the question of
feasibility and safety concerning the use of combined
hepatic resection and RFA applications. As other studies
have reported, intraoperative complications from RFA
are uncommon.9,17,40,41 In the current series, there was
only one intraoperative complication: a partial thickness
thermal injury to the stomach that resulted in no long-
term consequences. The complication rate for hepatic
resection and RFA was 19.8%, which is comparable to
the 11% to 35% morbidity rates reported for hepatic
resection alone.42,43 Most of the complications were mi-
nor or intermediate, including urinary tract infections,
bilomas, or abscesses that were amenable to percutane-
ous drainage. Serious complications were less common,
but when they did occur they were strongly associated
with mortality. Overall the perioperative mortality rate
was 2.3%, which again compares favorably to reported
rates of 0% to 3% for hepatic resection alone.42,43 It
appears, therefore, that hepatic resection combined with
RFA is safe and well tolerated. A review of the periopera-
tive deaths, however, mandates a cautionary note. Two
deaths were associated with liver failure, subsequent mul-
tisystem organ failure and death. These patients serve to
emphasize that although combined therapy appears to be
safe in the majority of cases, resection combined with
thermal destruction of too great a volume of liver may lead
to liver failure and death. Patients with cirrhosis and pre-
operative hepatic compromise, as well as those patients
with normal liver function but in whom an extended resec-
tion combined with RFA is being considered must be care-
fully evaluated to determine if an adequate volume of
perfused normal liver will remain after resection and RFA.

In general, adding RFA to the hepatic resection was
well tolerated and added minimal complexity to the
operation. In the majority of cases, the operation in-
volved a formal hepatic lobectomy plus RFA. Despite
this, the median operative time was only 3 hours and the
median blood loss was only 200 cc. These numbers are
comparable to historical operative data of isolated hepatic
resection performed at our institution. On univariate anal-
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ysis, the amount of blood loss did seem to affect overall
survival with patients experiencing � 1000 cc blood loss
having a significantly decreased median survival. One pos-
sible reason for this is that blood loss may have acted as a
surrogate marker for not only the complexity of the surgical
resection, but also the extent of hepatic disease.

The patients in the present study had a wide spectrum
of tumors, with the majority having colorectal metasta-
ses. The study did include patients with other secondary
malignancies of the liver such as leiomyosarcoma, breast
cancer, pancreatic cancer, and neuroendocrine tumors.
This latter group represented a minority of the patients
treated with resection and RFA. Previously studies have
shown that RFA for noncolorectal hepatic metastases can
be effective if the patient population is chosen careful-
ly.9,40,44 In the present study, on univariate analysis,
those patients with noncolorectal metastases had a sta-
tistically significant better median survival as compared
to those patients with colorectal metastases. This may be
related to selection bias. The therapeutic threshold for
operating on noncolorectal hepatic metastasis is consid-
erably higher than that for colorectal disease. Most pa-
tients with noncolorectal liver metastases have been
heavily pretreated with systemic or regional chemother-
apy and have been followed for a period of time in order
to document stable isolated hepatic disease. In contrast,
colorectal patients are more likely to undergo resection
sooner, without a period of time to monitor the stability
of their disease. Thus, colorectal patients may be more
likely to harbor unsuspected regional or distant micro-
metastatic disease that becomes clinically evident
months or years after an operation. Our data supports the
safety of an appropriately aggressive treatment plan for
patients with both colorectal and noncolorectal hepatic
metastasis. In patients with stable isolated noncolorectal
hepatic metastases, hepatic resection in combination with
RFA can lead to significant long-term survival periods.

Recurrence of cancer after liver resection and RFA
occurred in 56.9% of patients. RFA site recurrence oc-
curred in 8 patients (8.2%), but local recurrence occurred
in only 8 of 350 tumors ablated (2.3%). Thus, RFA site
recurrence was uncommon with regional or distant re-
currence being much more frequent. RFA and resection
are treatments designed to achieve local control of ma-
lignant hepatic tumors. Resection or local destruction of
tumor can produce long-term disease-free and overall
survival in a subset of patients but cannot overcome the
tumor biology in patients who already have micrometa-
static disease at the time of their surgical therapy. Thus,
even though we had a RFA site failure rate of only 2.3%,
recurrent disease developed in over one-half of the pa-
tients after combined resection and RFA. In the current

study, multivariate analysis revealed that a total number
of tumors �10 was significantly associated with a short
time to recurrence (�3.0 months). Patients with �10
tumors clearly represent a cohort of patients with a
significant tumor burden who may be more likely to
harbor micrometastatic disease. Based on our data, we
would recommend caution in offering combined modal-
ity therapy to this subset of patients, as a meaningful
disease-free outcome is unlikely.

At last follow-up, 65.2% of patients were alive, yield-
ing a median actuarial survival time of 45.5 months.
Three factors seemed to affect overall survival. As noted
above, patients with noncolorectal metastasis and those
with �1000 cc blood loss had a significantly greater
probability of long-term survival. RFA of a tumor �3 cm
in diameter was a significant factor on multivariate anal-
ysis with these patients having a higher likelihood of
death from cancer recurrence than those who underwent
ablation of a lesion �3 cm (HR � 1.85, CI � 1.02–3.37,
P � .04). Previous studies have also shown a correlation
between lesion size, recurrence risk, and survival. We do
not recommend abandoning combined hepatic resection
and RFA of lesions � 3 cm, but this data does show that
there is an increased risk of failure in this subset of
patients. This may be because RFA of lesions �3 cm in
diameter requires more experience and creation of mul-
tiple overlapping zones of thermal necrosis is usually
required. For this reason, hepatic resection combined
with RFA should be performed by those who have ex-
pertise in both techniques. Due to the inherent learning
curve associated with RFA, one should initially attempt
ablation of smaller lesions before undertaking more com-
plex larger lesions. Furthermore, clinical trials of adju-
vant systemic and/or regional therapies following resec-
tion and RFA of hepatic malignancies must be performed
to assess for reduction in rates of cancer recurrence.

One of the most surprising outcomes of the study was
the finding that patients with synchronous colorectal
metastases seemed to enjoy a better survival than pa-
tients with metachronous lesions. Although this was
found to be significant in univariate analysis, in the
multivariate model, it did not withstand competing risk
adjustment but a trend did persist (P � .13). This finding
is at odds with traditional reports showing that patients
with synchronous lesions tend to have a relatively poor
survival probability. Although we do not have a clear
explanation for this finding in the current study, it may
be related to patient selection and pretreatment bias. The
majority of our patients who developed metachronous
colorectal liver metastases did so after receiving adjuvant
fluoropyrimidine-based systemic therapy after resection
of their primary colorectal cancer. Thus, they had already
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failed one chemotherapy regimen and had fewer subse-
quent treatment options. In contrast, patients with syn-
chronous liver metastases underwent resection of their
primary cancer followed by three drug-combined sys-
temic chemotherapy (IFL: irinotecan, 5-fluorouracil, leu-
covorin) both before and after liver resection and RFA.
This aggressive multimodality approach may have a
greater impact on patient survival probabilities; however,
further accrual and follow-up of these patients is needed.

Our group of 172 patients treated with combined he-
patic resection and RFA of malignant liver tumors is the
largest series reported to date. Other reports contain
either patients treated with RFA alone or have small
number of patients who underwent combined modality
treatment. In this study, we showed that concurrent treat-
ment with surgical resection and RFA is feasible and
safe. Local recurrence rates at RFA sites treated using
intraoperative ultrasound-guided therapy with multiple
overlapping zones of thermal treatment is uncommon.
Regional or distant recurrence of disease is the more
frequent pattern of failure. We demonstrated that tumor
burden influences the time to recurrence, but age, gender,
histological type, RFA lesion size, and the type of resec-
tion performed do not. At a median follow-up of 21.3
months, 65.2% of patients were still alive for a median
actuarial survival of 44.5 months. It is difficult to com-
pare objectively resection plus RFA results with other
modalities such as RFA alone or resection alone because of
the differences in the patient populations treated. Neverthe-
less, our data is provocative as it suggests that even patients
with multifocal, liver-only, but otherwise unresectable liver
cancer may derive a significant survival benefit from com-
bined hepatic resection and RFA. The selection of such
patients is critical and results of this nonrandomized, retro-
spective study must be corroborated by further clinical
trials. Further studies will also be needed to evaluate the
impact of combining liver resection and RFA on patient
quality of life. Moreover, although local tumor control may
be achieved with hepatic resection and RFA, the high
propensity for these malignant liver tumors to recur region-
ally and systemically in a significant number of patients
emphasizes the need for effective multimodality approaches
to aid in the control of distant disease.
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