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ABSTRACT

Objective: Most recurrent intrahepatic cholangiocarcinoma (RICC) lost the opportunity of radical resection while
most nonsurgical management failed to prolong patients’ survival. The efficacy and safety of radiofrequency ablation
(RFA) as a local treatment for recurrent hepatocellular carcinoma have been confirmed by many clinical studies. The
purpose of this study was to evaluate the efficacy, long-term survival and complications of RFA for RICC.

Methods: A total of 12 patients with 19 RICCs after radical resection were included in this study. The tumors
were 1.9-6.8 cm at the maximum diameter (median, 3.2+1.6 cm). All patients were treated with ultrasound guided
RFA. There were two RFA approaches including percutaneous and open.

Results: A total of 18 RFA treatment sessions were performed. Ablation was successful (evaluated by 1-month

CT after the initial RFA procedure) in 18 (94.7%) of 19 tumors. By a median follow-up period of 29.9 months after RFA,
5 patients received repeated RFA because of intrahepatic lesion recurrence. The median local recurrence-free
survival period and median event-free survival period after RFA were 21.0 months and 13.0 months, respectively.
The median overall survival was 30 months, and the 1- and 3-year survival rates were 87.5% and 37.5%, respectively.
The complication rate was 5.6% (1/18 sessions). The only one major complication was pleural effusion requiring

thoracentesis.

Conclusion: This study showed RFA may effectively and safely manage RICC with 3-year survival of 37.5%. It
provides a treatment option for these RICC patients who lost chance for surgery.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second
most common primary liver cancer, arising from the biliary
epithelium of the second branch (segmental branch) or the
proximal branch of bile ductl’.2l. Although ICC only accounts
for 5%-10% of primary hepatic cancers, the therapeutic
outcomes for patients with ICC are poor due to the highly
malignant pathologic nature of the cancerPl. Surgical
resection has been regarded as the gold standard treatment
for ICC, however, recurrence rate was as high as 50%-80%
after radical surgeryl3-l.
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The majority of recurrences confined to the liver37. No
specific therapy has been recommended for recurrent
intrahepatic cholangiocarcinoma (RICC). The resectability of
RICC is influenced by several factors including the stage of
the disease, anatomic conditions and patient’s medical
co-morbidities. Also, the efficacy of repeated resection for
RICC remains unclear, despite of several studies in small
number of selected patientslé 8. The prognosis of patients
with unresectable ICC is devastating, at less than 1 yearll.
Therefore, establishing and maintaining control of the
intrahepatic disease remains the biggest problem for all
RICC patients.

Recently, radiofrequency ablation (RFA) has been
increasingly used for treating recurrent tumors involving the
liver after hepatectomyl®11l. RFA has low morbidity and
mortality rates, and can effectively destroy tumor and
preserve the maximal normal liver parenchyma as a local
treatment for hepatic tumors, which has been confirmed by
many clinical studies®1ll. These features are particularly
important for patients with limited liver remanent after liver
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resection[’011], To the best of our knowledge, few studies
have focused on RFA treatment for RICC. The purpose of
this study was to evaluate the long-term survival results and
safety of RFA for RICC after radical hepatic resection.

MATERIALS AND METHODS

Patients

All the patients met the following criteria for RFA
treatment: (1) nodular ICC <7 cm in maximum diameter,
multi-nodule (up to three in number) ICC <3 cm in
maximum diameter each; (2) tumors visible on ultrasound; (3)
the absence of portal venous thrombosis; (4) Child-Pugh A or
B grade; (5) platelet count greater than 50x109/L; and (6)
extrahepatic metastases that had been surgically resected or
locally controlled.

This study was approved by the institutional ethics
committees, and written informed consent was obtained
from all patients.

Between January 2000 and July 2011, a total of 12
patients with ICC who had previously undergone radical
hepatectomy as a first-line treatment were included in the
study. At the time of RFA, 10 patients had liver function of
Child-Pugh A, and the other two who had hepatitis B
infection had Child-Pugh B grade. Majority of patients
(83.3%, 10 of 12 patients) had a single tumor, while 2 (16.7%)
had multiple tumors. There were 5 well-differentiated RICC,
2 moderately-differentiated RICC, and 5 poorly-
differentiated RICC based on the Edmondson-Steiner
grading systeml['2l. The median tumor size was 3.2+1.6 cm
(range, 2.1-6.8 cm) at maximum diameter. Of the 12 patients
with 19 tumors, 5 had tumors with diameters <3.0 cm, 3 had
tumors with diameters of 3.1-5.0 cm, and the rest 4 had
tumors with diameters >5.0 cm. One RICC patient was with
Iymph node metastasis. Radiation was performed to locally
control the metastasis. Pre-RFA laboratory tests included
glutamate-pyruvate  transaminase  (ALT),  oxalacetic
transaminase (AST), bilirubin, albumin, complete blood
count, prothrombin time, electrolyte and carbohydrate
antigen (CA19-9).

The curative resection procedures for the RICC patients
before RFA included: extended right lobectomy in 2 patients,
right lobectomy in 5, and left lobectomy in 5. The surgical
margins of the liver resection specimens in all the patients
were pathologically negative for tumor cells. RICC was
found from 2 to 72 months after hepatectomy (mean 9.0+21.0
months) by CT/MRI or ultrasound. Four of the 12 patients
were found having RICC within 1 year from the date of
hepatectomy, while RICC occurred beyond 1 year in the
remaining 8 patients. All patients underwent RFA within 1-2
months after diagnosis of recurrence. Before RFA, 5 patients
with RICC had received preventive transcatheter arterial
chemoembolization (TACE) treatments.

Approaches of RFA

In our center, RFA can be performed through
percutaneous and open approaches. The choice of approach
was made according to the location of the tumor and
patients’” systemic conditions. In this group, 10 patients
underwent RFA by percutaneous approach while the other 2

received RFA by open approach due to unfavorable locations
(close to inferior vena cava).

RFA Procedure and Anesthesia

All RFA was performed under real-time sonographic
guidance by one experienced radiologist. For tumors with
clear boundary, the ablative volume enveloped the entire
tumor, as well as a 0.5-1.0 cm margin of surrounding normal
tissue regardless of the RF devices. For tumors with irregular
shape or with obscure boundary, the ablative volume
enveloped the entire tumor with a margin of 1.0 cm or more.
Multiple overlapping ablations were used for tumors >3.5
cml®Bl. Individualized treatment strategies and adjunctive
measures for tumors located at problematic locations were
used whenever possiblel14].

All patients through percutaneous approach underwent
moderate sedation anesthesia. Open RFA was performed in
the patient under general anesthesia in the operating room.

Equipment

Two kinds of RFA system were used in this study. From
2000 to 2008, the RFA system used in this study was a
460-kHz generator (Model 1500; Rita Medical Systems,
Mountain View, CA).

From 2009 to now, a multipolar RFA system (CelonLab
POWER; Celon Medical Instruments, Teltow, Germany) was
used(13].

An Aloka SSD-5000 or a 10 ultrasonography system
(Aloka Co, Ltd, Tokyo, Japan) with a 3.5-5.0 MHz probe was
used to guide percutaneous RFA. Multi-frequency (5-10
MHz) “T” style finger-grip transducer was used to guide
intraoperative RFA.

Evaluation of Clinical Response and Follow-up

For irregular tumors larger than 5.0 cm, enhanced CT
within 24 h after the treatment was used to detect any
residual viable tissue that would require the second RFA and
to observe early possible complications. One month after
RFA, enhanced CT, a repeated blood test and tumor marker
(CA19-9) were conducted. Follow-up imaging and
laboratory were conducted every 3 months during the first
year, and every 4-6 months during the following years.
Information concerning the tolerance and complications was
provided by all patients during follow-up for evaluating the
safety and efficacy of RFA. All periods of follow-up ranged
from 6 to 91 months (median, 29.9 months) after RFA. At the
time of writing, 6 of the 12 patients had died, and six patients
were still alive.

Primary technique effectiveness rate was identified if the
ablation area showed no enhancement and had well-defined
margins. Residual tumors were defined as irregular
peripheral enhancing foci in the ablation zone on 1-month
follow-up CT. Additional RFA was needed for residual
tumors if possible.

Local recurrence was defined as enhancement in the
periphery of RFA-treated area, and remote intrahepatic
recurrence was defined as a new liver lesion other than the
RFA-treated area. Follow-up CT/MRI imaging studies were
reviewed by two radiologists with more than 10 years
experiences in reading liver scans. When recurrences were
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confirmed, the tumors were usually treated with additional
RFA if possible. If an additional RFA was not feasible, TACE
or other palliative treatments were performed. Patients who
had a CT contrast allergy underwent magnetic resonance
(MR) or contrast enhanced ultrasound (CEUS) for follow-up.

Complications were categorized using the definitions
recommended by the Society of Interventional Radiology
reporting standards('®l. Major complications were those that
if untreated, it might lead to death, substantial morbidity and
disability, or a lengthened hospital stay. All other
complications were called minor.

Statistic Analysis

All quantitative data were expressed as median or
range, unless otherwise indicated. The overall survival time
was defined as the interval between the first RFA and the
death or the last visit to the outpatient clinic. The local
recurrence-free survival was defined as the time interval
from the initial RFA to local tumor progression or death. The
event-free survival was defined as the time interval from the
initial RFA to local tumor progression, remote intrahepatic
recurrence, exhepatic metastasis or death. Cumulative
survival rate was calculated using the Kaplan-Meier method.
The level of significance was set at 0.05 for all tests. All data
were analyzed with SPSS 13.0 software (SPSS Inc., Chicago,
USA).

RESULTS

Clinical Response

There were a total of 19 RICCs among 12 patients, for
which 18 RFA treatment sessions were performed. Most of
the ablation procedures were carried out through
percutaneous (n=10, 83.3% patients) approach, whereas 2
patients underwent open RFA.

Primary technique effectiveness rate was 94.7% (18 of 19
tumors). One patient with residual unablated tumor was
ablated successfully by the second session through
percutaneous approach (Figure 1). During the follow-up
period, local recurrence developed in another 2 tumors
(10.5%) in 2 patients (16.7%). Remote intrahepatic recurrence
was observed in 5 (41.7%) of 12 patients. Three of the 5
patients with remote intrahepatic recurrence received
repeated RFA. The rest 2 patient with multiple distant
recurrences (>3 in number) did not meet our inclusion
criteria for RFA, and TACE was performed instead. Four
patients had extrahepatic metastases (pulmonary metastases
in 1 case, lymph node metastasis in 2 cases, and adrenal
metastases in 1 case). Radiotherapy and/or chemotherapy
were performed to control tumor progression in these
patients.

Figure 1. A 64-year-old man in whom ICC recurred 9 months after partial resection of right hepatic lobe. A: MRI showed an
irregular tumor located at the edge of resection on the T2-weighted image. B: Intercostal sonograms showed a 4.2 cm tumor and it was
treated by sonography-guided RFA. C: On 1-month CT, the margin of the ablation zone was obscure and coarse, without sufficient safety
margin. D: A repeated RFA was performed for the unablated tumor area. E: CT scan 3 months after repeated RFA showed that ablated
zone had clear margin and no enhancement. This patient survived for 30 months after the initial RFA treatment and died of tumor

spread and metastasis.

The median local recurrence-free survival period after
RFA in this group was 21.0+#4.1 months and the median
event-free survival period after RFA was 13.0+3.4 months.
The median overall survival was 30+6.2 months, and 1- and
3-year survival rates was 87.5%, and 37.5%, respectively.
(Figure 2, 3)

Complications

All patients tolerated the RFA procedure well. No
procedure-related deaths occurred. There was only one
major complication (5.6%, 1/18 sessions) identified during
follow-up. This patient, who had a recurrent tumor 3 cm in
diameter just under the diaphragm, received two ablations
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through open approach. Three days after RFA, she
developed pleural effusion and had symptoms of dyspnea.
The patient received two times of thoracentesis and 1,200 ml
fluid was aspirated. Finally her symptom was relieved
within two weeks. Minor complications were also observed,
including asymptom pleural effusion in 2 patients, mild bile
duct dilation with/without jaundice in 3 patients, and acute
cholecystitis in 1 patient. All patients with minor
complications relieved after conservative treatments.
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Figure 2. Overall survival curve of 12 RICC patients after RFA. The
median overall survival was 30+6.2 months and the 1- and 3-year
survival rates were 87.5% and 37.5%, respectively.
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Figure 3. Event-free survival curve of 12 RICC patients after RFA.

DISCUSSION

Among the methods used to treat ICC, surgery is
unquestionably the optimum, and yields a 5-year survival
rate of 17%-46%47l. However, only a small subset of patients
can benefit from surgery and the recurrent rate is as high as
80%I6 7). At the time of recurrence, the tumor is mostly
multifocal or the patient has poor general condition or
limited remnant liver. So management of patients with RICC
following surgical resection is challenging. Reports of
repeated hepatectomies due to RICC are rarel8l. At the same

time, some researchers considered RICC as contraindication
to curative surgical managementl718l. The prognosis for
patients with unresectable ICC is extremely poor, with
survival of 5-8 months[58l.

Because surgical therapy is not indicated in majority of
RICC cases, other treatment modalities should be
considered. Unfortunately, the nonsurgical management
failed to prolong patient’s survival or had only slightly
increased survival. External radiotherapy (RT) with or
without intraoperative radiotherapy and intraluminal
radiotherapy (brachytherapy) has been explored in the
adjuvant setting but showed no significant benefits after RO
resections(!92ll. The unsuccessful results maybe related to this
fact that ICC is mainly classified as adenocarcinoma, which is
not sensitive to radiotherapyl! 2.

Systemic chemotherapy for cholangiocarcinoma didn’t
show significant survival benefits neither[22]. Although
chemotherapy has been reported to be more beneficial than
the best supportive carel?4], systemic chemotherapy with a
combination regimen (5-fluorouracil, doxorubicin, cisplatin,
and mitomycin-C) is not entirely satisfactory in terms of
survival outcomes. The range of median survival was only
6.5 to 11.5 months for patients treated with systemic
chemotherapyl?26l. There is no randomized, prospective trial
data in this disease, and standard chemotherapy regimen has
not been established yet.

Compared with systemic chemotherapy, TACE or
transcatheter arterial chemoinfusion (TACI) has the
advantages of increasing the local concentration of
chemotherapeutic agents to kill cancer cells without
damaging healthy liver tissue and of reducing systemic side
effects. It was reported the median survival of TACE for
RICC was ranged from 9.0-17.3 months/?2. Tumor
vascularity is closely associated with treatment responsel28.291.
ICC with rich arterial supply more likely has tumor response
to TACE than ICC with a decreased arterial supply.
However, the problem is that most ICCs are of
hypovascularll2. So the efficacy of TACE for treating
inoperable cholangiocarcinoma in the majority of patients
remains questionable.

Recent years, RFA which can produce localized tumor
destruction by heating tumor tissue has shown some benefits
in selected groups of RICC patients by several case series['”. 30,
31, Kim, et al. firstly reported the role of percutaneous RFA in
RICC and evaluated survival results in 20 patients with 29
RICC in 2010. In 20 patients with 29 RICCs, the technical
effectiveness rate of RFA was 97% (28/29), median overall
survival after RFA was 27.4 months, and the cumulative
overall 1, 2, and 4 year survival rates were 70%, 60%, and
21%, respectivelyl®2. Our result is comparable to their study,
the median overall survival was 30 months and the 1- and
3-year survival rates were 87.5% and 37.5%, respectively.
One patient survived for 91 months and received RFA
treatments four times. The advantage of RFA is that it can be
repeated many times easily to treat residual tumor or
intrahepatic recurrence. The studies above showed RFA was
superior to other palliative therapies in prolonging patients’
survival in selected patients.

Chiou, et al. had reported a series of 10 ICC patients
underwent RFA. They analyzed the correlation between
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RFA efficacy and tumor size. Based on 1 month CT, complete
necrosis was seen in all of the five tumors (100%) with
diameters of 3.0 cm or less, two of three tumors with
diameters of 3.1-5.0 cm, and one of two tumors with
diameters of more than 5.0 cm3]. The results demonstrated
that tumor size was a main risk factor for local tumor
progression. However, in our study, with the individualized
treatment strategies and adjunctive measures used[!3 14, the
ablation success rate can be up to 94.7% for the tumors with
the median size of 3.2 cm (range, 1.9-6.8 cm). In fact, as the
improvement of RFA equipments, overlapping techniques
and different approaches of RFA were developed, it has been
reported RFA can effectively ablate intrahepatic tumors both
metastatic and primary tumor with size up to 12 cm in
diameter{17 34,

In addition, open RFA was used in our study for 2
patients. It permits the ablation of liver tumors close to
surrounding organs, such as bowel, kidney, gallbladder and
diaphragm. The risk of injury will be high if these tumors are
treated by percutaneous RFA. Also, percutaneous RFA is not
fit for patients with serious intra-abdominal adhesions
because adjuvant therapy such as artificial ascites usually
failed. In fact, many researchers had proved open RFA can
achieve a higher complete ablation rate and a lower local
recurrence rate than percutaneous approachl34 351,

One symptomatic pleural effusion was reported in our
study. The patient was a female patient with a 3.0 cm tumor
close to the diaphragm. Three days after open RFA, she
developed pleural effusion and had symptoms of dyspnea.
Two times of thoracentesis was performed and the patient
relieved within two weeks. In fact, most pleural effusion
after ablation was asymptomatic and usually resolved
spontaneously. The incidence of symptomatic pleural
effusion requiring thoracentesis was about 0.2% among
hepatocellular carcinoma (HCC) patientsl®l. It was common
to find pleural effusion after ablation in patients with tumors
located less than 2 cm from the diaphragm(7l. Only the
patients with symptoms of dyspnea need further treatment,
and in some patients, the pleural effusion was refractory,
necessitating repeated aspiration[¥7].

As a result of the low incidence of ICC and the initial use
of RFA as a possible treatment option for RICC, our patient
population is unfortunately small. The facts that our study is
not randomized and lacks of control group are also
limitations. However, our population size of 12 patients is
comparable to those of other reports of palliative treatments
for RICC and demonstrates the potential application of RFA
in the management of RICC.

In conclusion, this preliminary clinical study showed
minimally invasive RFA can effectively and safely manage
RICC with 3-year survival of 37.5%. It provides a treatment
option for these RICC patients who lost chance for surgery.
Although our preliminary results are encouraging, well-
designed controlled trials with a large sample are needed to
further confirm the role of RFA in the treatment of
postoperative recurrences of ICC.
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