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Abstract
Background: Radiofrequency ablation (RFA) is widely used for treatment of colorectal liver metastases (CRLM).

Purpose: To evaluate the effect of increased experience in RFA of CRLM on morbidity and survival, and the trends in

patient management and outcomes during the last decade.

Material and Methods: Hospital records of the initial 52 consecutive patients who underwent RFA (56 procedures/70

lesions) were retrospectively reviewed. The patients were divided into two groups according to time period of treat-

ment, period I (2001–2006: n¼ 26) and period II (2007–2011: n¼ 26).

Results: Concomitant liver resection was performed in 15 patients in each period. Operative morbidity decreased from

47% to 19% (P¼ 0.047). Most complications were found in patients who underwent a concomitant liver resection and

not related to the ablation per se. Local recurrence rate decreased from 19.4% to 12.9% (P¼ 0.526). At least one risk

factor for recurrence was found in patients with local recurrence (n¼ 11): subcapsular localization (n¼ 4), tumor size

>3 cm and subcapsular localization (n¼ 2), and perivascular localization (portal veins/hepatic veins) (n¼ 5). Median

overall survival was 32 months in period I and 49 months in period II, whereas estimated 5-year survival was 19%

and 36%, respectively (P¼ 0.09). Adjuvant chemotherapy was given to four patients (15.4%) in period I and 13 patients

(50%) in period II (P¼ 0.017).

Conclusion: RFA alone or in combination with liver resection is a potentially curative treatment to selected patients

with CRLM. Over time, the morbidity and survival have improved in RFA of CRLM. Although a possible effect of a

learning curve should be taken into consideration in the appraisal of this improvement, it is more likely to be attributable

to optimization of indication, development in surgical techniques, and increased use of perioperative chemotherapy.

Keywords

Abdomen/GI, interventional, ablation procedures, liver, adults, metastases

Date received: 9 November 2014; accepted: 17 March 2015

Introduction

Colorectal cancer is the most common gastrointestinal
malignancy, and approximately one-half of the patients
will develop liver metastasis during the course of their
disease (1–3). Only surgical resection of colorectal liver
metastases (CRLM) can provide cure of disease, and is
associated with 5-year survival rates in the range of 32–
58% (3–6). During the last 10–15 years, implementa-
tion of new surgical techniques and principles including
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parenchyma-sparing techniques, repeated liver resec-
tions, and two-stage hepatectomy with portal vein
embolization have increased the number of patients eli-
gible for resection (4,7–9). In addition, more effective
chemotherapy agents capable of converting inoperable
cases to become resectable by tumor downsizing have
been introduced (7). However, 70–80% of patients with
CRLM are not candidates for resection because of
associated co-morbidity, advanced age, non-resectable
extrahepatic disease, or multiple liver lesion with inad-
equate residual functioning liver parenchyma (3,7).

Patients unsuitable for liver resection may be con-
sidered for ablative therapies, either alone or in com-
bination with liver resection. There are several
techniques for ablation: radiofrequency, laser, micro-
wave, cryotherapy, high intensity focused ultrasound,
and irreversible electroporation. Currently, the most
widely used tumor ablative technique for treatment of
CRLM is radiofrequency ablation (RFA) (10). RFA
uses high-frequency alternating current to produce
heat that destroys tumors by denaturing proteins and
destroying cell membranes through dissolution and
melting of lipid bilayers (11). RFA of liver tumors
was first described in patients with liver cirrhosis and
hepatocellular carcinoma in 1992, and in the treatment
of CRLM in 1996 (12,13).

Several studies have evaluated RFA in the treatment
of malignant liver tumors, mainly hepatocellular car-
cinoma and CRLM (6,14–16). Several studies report
5-year survival in the range of 20–30% in patients
undergoing RFA of CRLM (4–6,15,17). RFA has
been widely adopted during the last 10–15 years (10).
A significant learning curve in RFA for liver tumors
has been reported, and hospital volume has been con-
sidered as an important factor associated with treat-
ment outcome (18,19). However, other factors than
experience may also influence the outcome over time
when applying ablative therapies in the treatment of
CRLM. Our hospital has used RFA in the treatment
of CRLM since 2001. The aim of this study is to evalu-
ate the effect of experience in RFA of CRLM and the
trends in patient management and outcomes during the
last decade.

Material and Methods

A consecutive series of 52 patients with unresectable
CRLM treated with RFA with or without concomitant
liver resection between January 2001 and September
2011 were investigated in this retrospective, non-rando-
mized study. The patients were divided into groups
according to time period of treatment, period I (2001–
2006: n¼ 26) and period II (2007–2011: n¼ 26). The
study was approved by the Data Protection Officer
for Research. Patient management was decided at

multidisciplinary team meetings at Oslo University
Hospital, Ullevaal, with experience in the treatment
of CRLM. All patients were managed by the same
team of hepatobiliary surgeons, interventional radiolo-
gists and oncologists. All patients underwent a baseline
evaluation, including a medical history, physical exam-
ination and laboratory tests including carcinoembryo-
nic antigen (CEA). Computed tomography (CT) of the
chest, abdomen, and pelvis were performed in all
patients. In selected patients magnetic resonance ima-
ging (MRI) or intraoperative contrast enhanced ultra-
sound (CEUS) of the liver were performed. Patients
with unresectable CRLM <3.5 cm without extrahepatic
metastasis were considered for RFA. Patients were
deemed unresectable on the basis of: advanced age,
co-morbidity, prior liver resection with small liver rem-
nant, inadequate functional hepatic reserve, or residual
tumor in the liver remnant when RFA was performed in
combination with liver resection. One patient
with a solitary CRLM with diameter 4.5 cm also under-
went RFA.

RFA was performed either percutaneously or during
laparotomy under ultrasound guidance. In one patient
a percutaneous CT guided RFA procedure was per-
formed due to difficulties in identifying the lesion by
ultrasound guidance. All RFA procedures were per-
formed by a radiologist, and a hepatobiliary surgeon
participated during all the procedures. The first percu-
taneous RFA was performed in October 2004.
Laparoscopic liver resections have been performed rou-
tinely in our hospital from 2006. However, laparoscopic
contrast-enhanced ultrasound equipment was not avail-
able. Accordingly, no laparoscopic RFA procedures
were performed. Postoperative complications were clas-
sified according to the Clavien classification system
(20). Risk factors associated with local recurrence as
tumor size, multiple tumors, perivascular or subcapsu-
lar localization of the tumor or the percutaneous route
were evaluated in all patients with local recurrence (21).

In period I, neoadjuvant chemotherapy was primar-
ily given to non-resectable patients in our institution,
with the aim of converting the disease to become resect-
able. In period II, the indications for perioperative
chemotherapy evolved, and perioperative chemother-
apy was more likely given to resectable patients with
high tumor load (�3 metastases or >3.0 cm in diam-
eter) or patients with primary tumor and synchronous
metastases (22,23). Later, CEA level and performance
status became part of the consideration. Oxaliplatin-
based combination chemotherapy was most commonly
used, however irinotecan-based regimens and targeted
antibodies were also used.

Two different commercially available radiofrequency
generators were used. The first 34 patients were treated
using the RF 2000 generator system (Boston Scientific
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Corporation, Natick, MA, USA). From April 2008, 18
patients were treated with RITA model 1500X (RITA
Medical Systems, Mountain View, CA, USA). Specific
RFA protocols designed by each of the two manufac-
turers were used for each system according to manufac-
turers’ recommendations. During treatment, the area of
tissue ablation was monitored with ultrasound to meas-
ure the zone of increased echogenicity corresponding to
coagulation of the tissue. The ablation was controlled
directly after the procedure by CEUS. Any sign of resi-
dual tumor was ablated in the same procedure. CT of the
liver was performed the first day after the procedure.

All patients were followed routinely after treatment.
The first year, follow-up included CT of the chest and
abdomen and CEA every 4 months. Thereafter, CT of
the abdomen and chest and CEA measurement were
obtained every 6 months. Local tumor recurrence at
theRFA site and other intra- or extrahepatic recurrences
were registered. Patients with recurrence that could not
be treated by surgery or RFA were considered for pal-
liative chemotherapy or best supportive care. All
patients were followed until 31 October 2014 or death.

The clinical data and treatment outcomes of the
patients were recorded retrospectively. Patient, tumor,
and treatment characteristics were compared using the
Mann-Whitney test for continuous variables and the
chi-squared test for categorical variables. Median dis-
ease-free survival (DFS) and overall survival (OS) were
estimated from the time of the first RFA procedure
using the Kaplan-Meier method and compared using
the log-rank test. Statistical analyses were performed
in SPSS Version 18.0 for Windows (SPSS, Inc,
Chicago, IL, USA). All tests were two-tailed, and stat-
istical significance was defined as P< 0.05.

Results

Patient and treatment characteristics

A total of 52 consecutive patients were treated with
RFA from January 2001 to September 2011, with
RFA of a total of 70 liver metastases during 56 proced-
ures. Table 1 summarizes the differences in patient,
tumor, and treatment characteristics between each
era. There were no significant differences in age,
gender, or median tumor size. RFA was performed per-
cutaneously (period I, n¼ 7; period II, n¼ 9) or by open
surgical approach (period I, n¼ 23; period II, n¼ 17).
Ten patients had more than one metastasis ablated; one
patient had four ablations, one patient had three abla-
tions and eight patients had two ablations. Two pro-
cedures were combined with resection of a renal cancer
and an abdominal wall metastasis, respectively. Thirty
procedures (53.6%) were performed in combination
with liver resection (period I, n¼ 15; period II,

n¼ 15). Re-ablation of local recurrence was performed
in three patients in period I.

Complications

Operative morbidity decreased from 46.7% in period I
to 19% in period II (P¼ 0.047) (Table 2).
Clavien� grade 3 complications occurred in 33% of
patients in period I and 11.5% in period II (P¼ 0.065).
No complications were experienced after percutaneous
RFA. Most complications were as a result of the open
liver resection and not of the RFA procedure. Three
patients who underwent resection in combination with
RFA developed hepatic abscess arising within a RFA
lesion, which resolved with percutaneous ultrasound-
guided drainage and intravenous antibiotics. In 2001,
one patient died in hospital of acute liver failure 21
days after RFA of a lesion in segment 2/3 performed in
combination with a right hemihepatectomy.

Recurrence and survival

At a median follow-up of 34 (period I) and 41 months
(period II), a total of 41 patients (78.8 %) (period I,
n¼ 23; period II, n¼ 16) had developed recurrence
(Table 2). Local recurrence at the RFA site occurred
in seven of 36 lesions in period I (19.4%) and four of 31
lesions in period II (12.9%) (P¼ 0.526). At least one
risk factor for recurrence was found in all 11 patients
with recurrence: subcapsular localization of the tumors
(n¼ 4), tumor size >3 cm and subcapsular localization
of the tumor (n¼ 2), and perivascular localization
(portal veins/hepatic veins) of the tumor (n¼ 5) (21).

Treatment of first recurrence is presented in Table 2.
In seven patients with recurrence surgerywas performed;
in six patients wedge resection of a liver metastasis, and
in one patient pulmonary resection of a lung metastasis.
In three of six patients reresected for liver metastases a
subsequent resection of a lymph node metastasis in the
hepatoduodenal ligament, a solitary lung metastasis,
and psoas muscle recurrence were performed. In add-
ition one patient reresected for a liver metastasis ultim-
ately underwent a liver transplantation for hepatic
recurrence. In period II, two patients did not complete
the planned surgical strategy, i.e. one patient did not
proceed to the planned second stage hepatic resection
due to development of non-resectable extrahepatic
metastases, and one patient did not proceed to rectal
surgery due to progressive disease three months follow-
ing a combined hepatic resection and RFA. These two
patients were not included in survival analysis.

Median disease-free survival (DFS), overall survival
(OS), and 5-year OS rates for the whole period were 11
months (95% CI, 4.3–17.8), 36 months (95% CI, 27.3–
44.7), and 27%, respectively. Median DFS was 10
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months (95 % CI, 5.2–14.7) in period I and 11
months (95% CI, 0.2–21.8) in period II (P¼ 0.098)
(Fig. 1). Median OS was 32.0 months (95% CI,
25.8–38.2) in period I and 49.0 months (95% CI,
28.4–69.6) in period II, whereas estimated 5-year OS
was 19% in period I and 36% in period II
(P¼ 0.09) (Fig. 2).

Discussion

The current study presents a single-institution experi-
ence with RFA in a consecutive series of 52 patients
with CRLM not amenable for resection. During the
study period of 11 years new surgical techniques and
principles were implemented and more effective

Table 1. Patient, tumor, and treatment characteristics.

Period I (26 patients,

30 procedures)

Period II (26 patients,

26 procedures) P value

Age (years, median (range)) 69 (34–82) 70 (40–85) ns

Gender, n (%)

Male 15 (57.7 %) 12 (46.2 %) ns

Female 11 14

Site of primary tumor (n)

Colon 15 16 ns

Rectum 11 10

Number of mucinous primary tumors 0 3 ns

Tumor grade of primary tumor

High 4 9 ns

Medium 22 14

Low 0 3

Synchronous metastases 13 20 ns

Metachronous metastases 13 6

Indication for RFA

Patient: Advanced age/co-morbidity 8 5 ns

Tumor: Inadequate residual functioning

liver parenchyma

18 21

Number of ablated lesions 39* 31 ns

Tumor size of ablated lesion (cm, median

(range))

1.5 (1.0–3.2) 1.4 (0.5–4.5) ns

RFA approach

Percutaneous 7 9 ns

Open surgical 23 17

Time from primary resection to RFA

(months, median (range))

17 (2–80) 9 (2–76) ns

Prior liver resection 6 12 ns

Concomitant liver resection 15 15 ns

Bilobar disease 16 14 ns

Number of lesions (ablated and resected

lesions), median

2 2 ns

Size of largest lesion (cm, ablated or

resected lesions), median

2.95 2.20 ns

CEA (ng/mL, median (range)) 9.9 (1.7–3414) 7.7 (0.5–145) ns

ASA III 6 9 ns

Median follow-up (months (range)) 34 (1–137) 33 (2–78) ns

Neoadjuvant chemotherapy 6 13 ns

Number of lines of chemotherapy before

RFA, median (range)

13 (4–22) 4 (4–12)

Adjuvant chemotherapy 4 13 P¼ 0.017

*Including three reablations.
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chemotherapeutic and targeted agents were introduced.
Importantly, our study demonstrates that RFA is a
potentially curative treatment to selected patients with
CRLM. Specifically, we found an estimated 5-year sur-
vival of 27% and median overall survival of 36 months,
with a tendency toward improved survival in period II
(P¼ 0.09). Several studies have shown 5-year survival
in the range of 20–30% for patients treated with RFA
for CRLM (4,5,15,17). The use of modern chemother-
apy regimens for palliative treatment now results in
median survival of up to 20–22 months in patients
with unresectable CRLM (7). However, chemotherapy
is rarely associated with durable resolution of disease or
long-term survival beyond 5 years. Ruers showed that
RFA plus systemic treatment resulted in significant
longer progression-free survival than systemic

treatment alone, demonstrating the survival benefit of
RFA (24).

Several studies demonstrate that there is a significant
learning curve in RFA for liver tumors (18,19,21). In
our study, complications were experienced in 35% of
the procedures. However, operative morbidity
decreased from 47% in period I to 19% in period II.
Most complications were found in patients who under-
went RFA in combination with liver resection, whereas
no complications were registered in patients who under-
went percutaneous RFA. This is in accordance with the
findings in a comprehensive review of 3670 patients
from 82 different studies showing a complication rate
of 7.2%, 9.5%, 9.9%, and 31.8% after a percutaneous,
laparoscopic, simple open, and combined open
approach, respectively (25).

Table 2. Morbidity, site, and treatment of first recurrence.

Period I

(26 patients, 30 procedures)

Period II

(26 patients, 26 procedures) P value

Morbidity

Overall 14/30 5/26 P¼ 0.047

Clavien� grade 3 10/30 3/26 ns

30-day mortality 1 0

90-day mortality 2 1

Complications*

Symptomatic pleural effusion 4 1

Pneumonia 3 1

Bleeding – 1

Pulmonary embolism 2 –

Liver abscess 1 2

Pneumothorax 1 –

Bile leak 2 1

Small bowel perforation 1 –

Wound infection 1 –

Acute liver failure 1 –

Urinary tract infection 1 –

Median time from RFA to first recurrence 10 5 ns

Total number of lesions with local recurrence 7/36 4/31 ns

Site of first recurrence

Local only 3 0 ns

Localþ Intra or Extrahepatic 0 3

Intrahepatic only 10 4

Intraþ Extrahepatic 7 5

Extrahepatic only 3 4

Treatment of first recurrence

Surgery 5 2 ns

Reablation 2 0

Palliative chemotherapy 9 12

Best supportive care 7 2

*n> 19, >1 complication registered in some patients.
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In a meta-analysis of 5224 liver tumors treated with
RFA, local recurrence rate was found to vary widely
between 2% and 60% (21). Because local recurrence
rates are higher than after surgical resection, surgical
resection is considered the gold standard treatment for
patients with CRLM who are candidates for resection
(26). In two well-designed randomized studies the local
recurrence rate per lesion in patients treated with RFA
or surgical resection did not appear to be greatly differ-
ent for lesions up to 3 cm (24,27). However, local recur-
rences of lesions treated by RFA were more frequent
when lesion size exceeded 3 cm. In the current study,
local recurrence at a prior RFA site occurred in 20.5%
of lesions in period I and 12.9% in period II. A low
complication rate and a high complete ablation rate has
shown to be achieved with the accumulated experience
from the first 50 cases of RFA for liver tumors by a
specialized team (18,19). The current study present our
experience with the first 52 cases. Thus, we expect con-
tinued improvement in complete ablation rates in the
technical aspects of RFA. Importantly, in our analysis,
subcapsular or perivascular localization of the tumor,
or tumor size >3 cm, were risk factors present in all the

11 lesions that recurred at the same site. It is likely that
this experience has had an impact on patient selection
in period II. Tumor size >3 cm, multiple tumors, peri-
vascular or subcapsular localization of the tumor, and
the percutaneous route are independent predictors of
local recurrence after RFA (21). It must be noted that
in both periods ablation of tumors with subcapsular or
perivascular location, which rarely seem to be amenable
to effective ablation, were performed in patients with
advanced age or associated co-morbidities.

Perioperative chemotherapy and multimodal
approaches such as portal vein embolization, two-
stage hepatectomy, vascular reconstructions, and auto-
transplantation have increased the proportion of
patients with resectable CRLM (4,7–9). These new
treatment strategies were introduced in our center
during the study period (23). Although the yearly
number of patients with CRLM undergoing resection
increased significantly from 2001 to 2011, the yearly
number of patients undergoing RFA in our center has
not increased throughout the period (23). This is in
contrast to other series showing that the use of ablation
either alone or combination with resection has

Fig. 1. Kaplan-Meier analysis of disease-free survival in 50 consecutive patients treated with RFA of unresectable CRLM stratified into

period I (2001–2006) and period II (2007–2011).
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increased significantly (28). RFA was used as an
adjunct to resection in 30 patients, and 58% of our
total patients had high tumor load with bilobar disease
that precluded a complete surgical resection. A resec-
tion of the dominant tumors in the liver was performed
with RFA of the remaining, smaller lesion(s). Two-
stage hepatectomy was introduced in our hospital in
2008, and performed in 25 of 239 (10 %) resected
patients (23). High volume centers performing RFA
have shown that one-third of patients who earlier
were treated by RFA in combination with liver resec-
tion are now considered for two-stage hepatectomy
(6,9). The introduction of this technique in period II
in our center has likely influenced the indication for
RFA, meaning that fewer patients with bilobar disease
underwent RFA. Five patients in period II received
RFA in combination with liver resection due to add-
itional metastases detected by intraoperative CEUS,
routinely performed since 2007 in our institution (29).
This strategy permits discovery of and treatment with a
curative intent of preoperatively undected intrahepatic
metastases. This has shown to alter the surgical man-
agement in 10–30% of patients with classically

resectable CRLM (29). RFA is an important treatment
modality in this setting and can easily be performed in
combination with liver resection by a team experienced
in intraoperative CEUS and RFA.

Clinically important advances in chemotherapy for
treating patients with CRLM have been made over the
last decades. Population based studies have shown an
increase in chemotherapy utilization over time (28). We
found a significant increase in use of perioperative
chemotherapy over the time periods examined. The
increased utilization of chemotherapy in period II
may partly explain the improved OS in this last
period (24). However, older patients with more co-mor-
bidities are often less likely to receive chemotherapy,
and this group constituted 25% of the patients in our
study (30).

The main limitation of this study must be acknowl-
edged. This was a retrospective analysis of patients
treated at a single institution with all the inherent
biases associated with single-institution studies.
Analysis of data to assess the treatment effect of a
given therapeutic modality that is based on patients
who have been non-randomly assigned a specific

Fig. 2. Kaplan-Meier analysis of overall survival in 50 consecutive patients treated with RFA of unresectable CRLM stratified into

period I (2001–2006) and period II (2007–2011).
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treatment is fraught with difficulty (5). A recent
Cochrane review emphasize that studies on RFA of
CRLM are vulnerable to different type of bias, and
the main concern are the imbalance between character-
istics of patients in the allocated groups (14). Thus,
even though our study shows that RFA is a potentially
curative treatment to selected patients with CRLM, the
ultimate effect of RFA on overall survival remains
uncertain (14,24).

In conclusion, RFA alone or in combination with
liver resection is a potentially curative treatment to
selected patients with CRLM who are not amenable
for surgical resection. RFA appears to confer a survival
benefit over systemic chemotherapy alone. RFA
requires a strict patient selection in a multidisciplinary
team and must be performed only by clinicians with
adequate knowledge and experience in interventional
therapies for liver tumors. Over time, the morbidity
and survival have improved in RFA of CRLM.
Although a possible effect of a learning curve should
be taken into consideration in the appraisal of this
improvement, it is more likely to be attributable to
optimization of indication, development in surgical
techniques, and increased use of perioperative
chemotherapy.
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