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Radiofrequency ablation (RFA) is a minimally invasive technology for the treatment of liver malignancies
and is used as an adjuvant therapy in patients with colorectal liver metastasis (CLM). This study enrolled a
total of 49 CLM patients who underwent RFA treatment. Univariate and multivariate analyses were performed
using the log-rank test and Cox proportional hazard model, respectively. Univariate analysis showed that
OS was closely correlated with tumor size, frequency of RFA treatment, resection of the liver lesion, and
CEA levels before RFA (p<0.05). Multivariate analysis revealed that resection of CLM lesions after RFA,
frequency of RFA treatment, and serum CEA levels before RFA were independent risk factors for the survival
of CLM patients (p <0.05). Tumor lesion size, resection of the liver lesion after RFA, frequency of RFA treat-
ment, and serum CEA levels before RFA may be important prognostic factors of CLM patients treated with

RFA therapy.
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INTRODUCTION

Liver metastasis is one of the most common forms of
metastatic colorectal cancer (CRC). Approximately 25%
of patients with CRC present with liver metastasis at the
time of initial diagnosis, and another 25% of patients will
present with liver metastases after surgical resection of the
primary tumor (1,2). Without appropriate treatment, the
median survival of patients with colorectal liver metasta-
sis (CLM) is only 8 months, and the 5-year survival rate
is nearly zero. Of note, only 10~20% of CLM patients are
suitable candidates for surgery (3,4). As a result, many
nonsurgical ablative methods have been developed for
the treatment of CLM patients, and the most widely uti-
lized method is radiofrequency ablation (RFA).

The guidelines for resection of CRC liver metasta-
ses in the UK and the National Comprehensive Cancer
Network (NCCN) 2012 (version 3, 2012) guidelines (5,6)
recommend using RFA alone or in conjunction with sur-
gical resection for the treatment of patients with CRC
metastases to the liver. This recommendation was based
on category 2A evidence, which is defined as lower level
evidence, with uniform NCCN consensus.

It has been reported that RFA can improve treatment
outcomes and prolong the survival of CLM patients (7,8).
However, only a small number of large-scale clinical tri-
als have been conducted to date that provide evidence of
its effectiveness. Therefore, further studies are necessary
to evaluate the true effectiveness of RFA and to identify
the prognostic factors influencing the outcome of CLM
patients undergoing RFA. This study aimed to investi-
gate the various prognostic factors of survival of CLM
patients who received palliative RFA treatment.

MATERIALS AND METHODS
Ethics Statement
This study was approved by the Ethics Committee
of Sir Run Run Shaw Hospital, College of Medicine,
Zhejiang University (IRB: 20121120-4). All patients (or
their legal representative) provided written informed con-
sent prior to enrollment.

Patient Enrollment

A total of 49 patients with CLM received palliative RFA
at Sir Run Run Shaw Hospital, Zhejiang University School
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of Medicine from December 1, 2003, to December 30,
2010, according to the inclusion criteria of the study. All
patients had evidence of liver metastases, as documented by
computed tomography (CT), magnetic resonance imaging
(MRI), positron emission tomography (PET), ultrasonogra-
phy, or biopsy, before being treated with palliative RFA. The
tumor-node-metastasis (TNM) stage was IV. The chemo-
therapy regimens used to treat patients included FOLFOX,
FOLFIRI, or XELOX according to NCCN guidelines.

Inclusion Criteria

Patients satisfying the following inclusion criteria
were enrolled in the study:

1. Ability to understand and willingness to sign a written
informed consent for RFA treatment

2. Had received at least two prior different chemotherapy
regimens

3. With less than three locations of the tumor treated with

or without a single radiofrequency ablation and with

the diameter of each tumor being less than 5 cm

Liver function classified as Child-Pugh Class A or B

Life expectancy of at least 12 weeks

Karnofsky Performance Status (KPS) score of over 60

Adequate bone marrow, liver, and renal function

assessed within 7 days prior to RFA treatment.

Nk

Exclusion Criteria

Patients with the following conditions were excluded
from the study:

1. Patients could benefit from chemotherapy or surgery

2. Uncontrolled extrahepatic disease and uncontrolled
primary cancer

3. Patients with more than three locations or the diameter

of tumor larger than 5 cm

Liver function classified as Child-Pugh Class C

Prolongation of serum PT and APTT

Presence of ascites

Presence of serious comorbid complications, such as

intestinal obstruction, massive hemorrhage of the gas-

trointestinal tract, cardiopulmonary insufficiency, or

fever over 38°C unrelated to cancer.

Nk

Clinical Evaluation

Physical examination was conducted for each patient
before the RFA treatment. Routine preoperation tests
[including routine blood tests, biochemical tests, PT/
APTT, X-ray of chest, electrocardiography (ECG)], and
evaluation of heart and respiratory function were com-
pleted to ensure safety of the surgery. The accurate num-
ber, location, and size of the liver lesions were evaluated
by ultrasonography or CT scanning before RFA and
were subsequently evaluated every 4-6 weeks. Serum
CEA levels were measured within 1 week prior to RFA
treatment and were evaluated every 4-6 weeks. Prior
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hepatectomy or systemic chemotherapy was carefully
recorded. All the aforementioned tests were performed
at the Department of Examination, Radiology, and ECG
of Sir Run Run Shaw Hospital, Zhejiang University
School of Medicine.

RFA Equipment

The Cool-Tip™ RFA system (Radionics, Burlington,
MA, USA) was used in this study. This system consisted of
an RF generator, with a maximum power output of 200 W.
It can impulsively radiate while monitoring its power out-
put, impedance, and the temperature of electrode and sys-
tem. The length of the radiation probe was 15 cm long,
with a 3-cm portion being exposed to air contact.

Treatment

RFA treatment was performed by physicians from the
Department of Oncology at Sir Run Run Shaw hospital,

Table 1. Demographic and Clinical Characteristics
of Patients (N=49)

Characteristics No. (%)
Gender

Male 27 (55.1)

Female 22 (44.9)
Age (years)

<60 18 (36.7)

>60 31(63.3)
Primary location of cancer

Rectum 20 (40.8)

Colon 29 (59.2)
Pathological types (adenocarcinoma)

Highly differentiated 12 (24.5)

Moderately differentiated 22 (44.9)

Highly/moderately differentiated 5(10.2)

Moderately/poorly differentiated 2(4.1)

Not clear 8(16.3)
Number of CLM

Single 18 (36.7)

Multiple (=2) 31(63.3)
Resection of CLM

Resection after RFA treatment 9(18.4)

No resection after RFA treatment 38 (77.6)

Unknown 2 (4.0)
Maximum diameter of CLM (cm)

<3 25 (51.1)

>3 18 (36.7)

Unknown 6(12.2)
Frequency of RFA treatment

<Twice 27 (55.1)

>Twice 22 (44.9)
Survival status

Survived 23 (46.9)

Dead 26 (53.1)
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Zhejiang University School of Medicine. After precise
identification of the tumor location in the liver by ultra-
sonography or by CT scanning, the patients received
local anesthesia. The RFA probe was placed at the bottom
of the tumor along its longest diameter guided by B ultra-
sound. The ablation treatment lasted for 12—16 min. Vital
signs of the patients were closely monitored during the
treatment. Regular care that including stanching bleed-
ing, pain relief, and liver care was provided for 3 days
after RFA treatment.

Patients underwent surgical resection of the liver met-
astatic lesions after RFA treatment at the time of disease
recurrence and when they were deemed to be surgically
operable.

Survival Data

The survival data of each patient were obtained
through telephone calls or during outpatient follow-ups.
Survival time was defined as the survival time after RFA.
This was determined from the time when the first RFA
treatment was administered until the death of the patient
or the end of follow-up time (February 28, 2011). The
main outcomes were 1- and 3-year survival rate, median
overall survival (OS) time, and median progression-free
survival (PFS) time.
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Statistical Analysis

The SPSS statistical software, version 16.0 (SPSS Inc.,
Chicago, IL, USA) was used for data analysis. The OS and
PFS were presented as median values with a 95% confidence
interval (95% CI). Survival rates were determined using the
Kaplan—Meier method and the log-rank test. Multivariate
analysis was performed using the Cox regression model.
The significance level was set at 5% for each analysis.

RESULTS
Demographic and Clinical Characteristics of Patients

A total of 49 cases were included in this study. The
demographic and clinical characteristics of patients are
presented in Table 1. Among the 49 CLM patients who
received RFA treatment, the median OS was 24.8 months,
and the median PFS was 15.3 months. The 1-, 2-, 3-, 4-,
and S-year survival rates were 66.7%, 33.3%, 10.4%,
4.2%, and 4.2%, respectively.

Correlation Between the Diameter of
CLM Lesions and Survival

After RFA treatment, the median OS of patients
with maximum tumor diameter of less than 3 cm was
higher (29.0 months; 95% CI: 14.0-44.0 months), when
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Figure 1. Kaplan—Meier curves depict OS of RFA-treated CLM patients with liver lesions of different maximum diameters.
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compared to that in patients with a maximum tumor
diameter of greater than 3 cm (24.0 months; 95% CI:
10.8-37.2 months; p=0.074) (Fig. 1). The median PFS
was 22.0 months (95% CI: 4.0-40.0 months) for patients
with a maximum tumor diameter less than 3 cm and 15.0
months (95% CI: 2.9-27.1) for patients with a maximum
tumor diameter greater than 3 cm (p=0.407) (Fig. 2).

Correlation Between Frequency of
RFA Treatment and Prognosis

Of the 49 patients, 22 patients had received subse-
quent RFA treatments. The median OS of these patients
was significantly higher (31.0 months; 95% CI: 20.8—42.2
months) than that of patients who had received single
RFA treatment (20.0 months; 95% CI: 11.4-28.6 months;
p=0.017) (Fig. 3). The median PFS for the two groups was
22.0 months (95% CI: 10.6-3.4 months) and 7.0 months
(95% CI: 4.8-9.2 months), respectively (p=0.054) (Fig. 4).

Correlation Between Resection of
CLM Lesions and Prognosis

The median OS of patients who underwent resec-
tion of metastatic liver lesions after RFA treatment was
55.3 months (95% CI: 35.1-75.4 months). In contrast,
the median OS was significantly shorter at 20.5 months
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(95% CI: 17.0-24.0 months) in those patients who did
undergo surgical resection after RFA treatment (p = 0.003).
Figure 5 shows the Kaplan—Meier OS curves of the two
groups. The median PFS of patients who had resection
of liver metastasis after RFA was 26.0 months (95% CI:
15.3-36.7 months) and was 12.6 months (95% CI: 8.4—
16.8 months) for those who did have follow-up surgery.
This difference between the two groups was not statisti-
cally significant (p =0.113). Figure 6 shows the Kaplan—
Meier PFS curves of the two groups.

Correlation Between Serum CEA Levels
and Prognosis

Figure 7 shows that the median OS in patients with
CEA levels <5 ng/ml was higher (35.0 months; 95% CI:
3.3-66.7 months) than those with CEA levels 25 ng/ml
(20.0 months; 95% CI: 11.7-28.3 months; p=0.012).
The median PFS of these two groups was 25.0 months
(95% CI: 18.8-31.2 months) and 8.0 months (95% CI:
5.5-10.5 months; p =0.042) (Fig. 8), respectively.

Multivariate Analysis of Independent
Prognostic Factors

Using the Cox regression model, we also analyzed
potential factors that may influence the prognosis of
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Figure 2. Kaplan—Meier PFS curves of RFA-treated CLM patients with liver lesions of different maximum diameters.
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CLM patients undergoing RFA treatment (Table 2).
We found that resection of CLM lesion after RFA,
frequency of RFA treatments, and serum CEA levels
before RFA were independent prognostic factors for
CLM patients.

DISCUSSION

RFA is currently the most commonly used ablative
technique, and a number of studies have shown that this
procedure is relatively safe (9—13). As a result of its tech-
nical simplicity and safety, RFA is gaining popularity in
many tumor centers as the preferred method for local
ablation of unresectable tumors. However, there are no
published large-scale randomized controlled trials to clar-
ify the efficacy of RFA in CLM treatment.

There are numerous published case series and retro-
spective studies on the use of RFA in the treatment of
CRC metastases in the liver (2,14-20). Lee et al. (21)
found that the cumulative 3- and 5-year local recurrence-
free survival rates were markedly higher in the hepatic
resection group (88.0% and 84.6%) than those in the
RFA group (53.3% and 42.6%, respectively) (p<0.001).
Despite a higher local recurrence rate, RFA may be con-
sidered as a potential therapeutic option for patients
who are considered unsuitable for conventional surgical
treatment. Berber et al. (22) concluded that the median
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actuarial survival from the date of surgery in the RFA
group was lower than that in the resection group. They
indicated that higher risk patients were channeled to RFA,
leaving a highly selected group of patients for resection
with a very favorable survival. RFA still achieved long-
term survival in patients who were otherwise not deemed
to be appropriate surgical candidates for resection. Kim et
al. (23) found that in patients with solitary CLM <3 cm,
OS and disease-free survival (DFS) rates did not differ
between the RFA group and the surgery group (p=0.962
and p=0.980). In patients with solitary CLM =3 cm, DFS
was significantly lower in the RFA group as compared
with that of the resection group (p=0.015). They indi-
cated that RFA might be a safe alternative treatment for
patients with solitary CLM less than 3 cm, with outcomes
equivalent to hepatic resection. In the present study, the
median survival time of patients receiving RFA was 24.8
months, the median PFS time was 15.3 months, and the
1- and 3-year survival rates were 66.7% and 10.4%,
respectively. Gilliams and Lees (24,25) and Kuehl et al.
(26) reported that 1- and 3-year survival rates for CLM
patients were 85-90% and 34-58% after RFA treatment
alone, respectively, which are higher than what we have
reported in our study. When the data from case series and
retrospective studies are taken together, the outcomes
reported in these studies consistently suggest that RFA
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Figure 3. Kaplan—Meier OS curves of CLM patients who received single or multiple RFA treatments.
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treatment result in higher 1-, 3-, and 5-year survival rates
than those from currently available chemotherapy.

RFA has the advantage of being minimally invasive
and is a relatively low-risk procedure for the treatment of
discrete liver tumors, especially when compared to open
surgical resection (27). There are several factors, includ-
ing the number of metastatic tumors, their size and loca-
tion, the use of systemic treatment before RFA treatment,
and tumor metastasis outside liver, that may influence the
long-term prognostic of RFA treatment (14,28).

Our study showed that the clinical parameters of the
CLM patients receiving RFA treatment were closely cor-
related with prognosis. One important parameter is the
diameter of the CLM lesion. Although the overall sur-
vival curves of two groups were not significantly dif-
ferent, the curves clearly separated and the difference
approached statistical significance, which indicated that
patients might have improved survival with tumor diam-
eter of less than 3 cm. As our study was relatively small,
it was not sufficiently powered to detect a survival differ-
ence. Previous studies have also demonstrated the impor-
tance of tumor diameter in CLM prognosis. Kingham et
al. concluded that a tumor size over 1 cm was associated
with an increased tumor recurrence rate in CLM patients
(29). Therefore, it has been suggested that resection
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might be a better treatment option in the event of tumor
recurrence after RFA therapy (30). In our study, it has
also been demonstrated that resection for recurrence after
RFA was associated with significant long-term survival
benefit. Furthermore, patients who had received mul-
tiple RFA procedures had better prognosis than patients
receiving RFA only once. Our results showed that the
median OS time values for the two groups were signifi-
cantly different.

There is also evidence demonstrating the potential
correlation between the expression of tumor markers and
prognosis of colorectal cancer with liver metastasis. The
average CEA level is 32.3 ng/ml (1-184 ng/ml) in CLM
patients (31). Low CEA levels have been positively cor-
related with good prognosis (32,33). Our study also dem-
onstrated a similar correlation in that the median OS and
PFS time of patients with CEA levels <5 ng/ml were sig-
nificantly longer than those of patients with CEA levels
>5 ng/ml, which highlights the importance of CEA moni-
toring in evaluating the effectiveness of RFA treatment in
CLM patients. CEA is a glycoprotein produced by CRC
and lung cancer cells. It may facilitate the growth and
proliferation of cancer cells. Thus, CEA positivity and
increased CEA levels may indicate growth or active pro-
liferation of CRC cells.
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Figure 4. Kaplan—Meier PFS curves of CLM patients who received single or multiple RFA treatments.
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Table 2. Multivariate Analysis of Prognostic
Factors of CLM Patients After RFA

Factor p Value
Gender 0.865
Age 0.147
Pathological types 0.168
Number of CLM lesions 0.807
Location of CLM lesions 0.462
Diameter of CLM lesions 0.234
Resection of CLM lesions 0.023*
Frequency of RFA treatments 0.002%*
CLA before RFA 0.003*
Extrahepatic disease 0.855

#p<0.05.

Multivariate analysis revealed that resection of CLM
lesions after RFA, frequency of RFA treatments >2, and
serum CEA levels <5 ng/ml before RFA were all indepen-
dent prognostic factors associated with better survival in
CLM patients.

CONCLUSIONS

The findings from our study have shown that tumor
lesion size, resection of recurrence CLM lesion after
RFA, frequency of RFA treatment, and serum CEA levels
before RFA may represent important prognostic factors
of CLM patients treated with RFA therapy. It is clear that
RFA therapy represents an important treatment option
that must be considered when evaluating colorectal can-
cer patients with metastatic involvement of the liver.
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