Taylor & Francis
Taylor & Francis Group

IJH HYPERTHE

and thermal ther;

International Journal of Hyperthermia

Beginning June 2018
1JH will become a fully
Open Access Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ihyt20

Percutaneous radiofrequency ablation in
intrahepatic cholangiocarcinoma: a retrospective
single-center experience

Giovanni Brandi, Alessandro Rizzo, Filippo Gustavo Dall'Olio, Cristina
Felicani, Giorgio Ercolani, Matteo Cescon, Giorgio Frega, Simona Tavolari,
Andrea Palloni, Stefania De Lorenzo, Francesca Abbati, Veronica Mollica,
Angela Dalia Ricci & Carla Serra

To cite this article: Giovanni Brandi, Alessandro Rizzo, Filippo Gustavo Dall’Olio, Cristina
Felicani, Giorgio Ercolani, Matteo Cescon, Giorgio Frega, Simona Tavolari, Andrea Palloni,
Stefania De Lorenzo, Francesca Abbati, Veronica Mollica, Angela Dalia Ricci & Carla

Serra (2020) Percutaneous radiofrequency ablation in intrahepatic cholangiocarcinoma: a
retrospective single-center experience, International Journal of Hyperthermia, 37:1, 479-485, DOI:
10.1080/02656736.2020.1763484

To link to this article: https://doi.org/10.1080/02656736.2020.1763484

8 © 2020 The Author(s). Published with ﬁ Published online: 12 May 2020.
license by Taylor & Francis Group, LLC
N
[:;/ Submit your article to this journal & il Article views: 1553
A \
& View related articles &' @ View Crossmark data (&'

CrossMark

eqz__l Citing articles: 29 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ihyt20


https://www.tandfonline.com/action/journalInformation?journalCode=ihyt20
https://www.tandfonline.com/loi/ihyt20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02656736.2020.1763484
https://doi.org/10.1080/02656736.2020.1763484
https://www.tandfonline.com/action/authorSubmission?journalCode=ihyt20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ihyt20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02656736.2020.1763484
https://www.tandfonline.com/doi/mlt/10.1080/02656736.2020.1763484
http://crossmark.crossref.org/dialog/?doi=10.1080/02656736.2020.1763484&domain=pdf&date_stamp=2020-05-12
http://crossmark.crossref.org/dialog/?doi=10.1080/02656736.2020.1763484&domain=pdf&date_stamp=2020-05-12
https://www.tandfonline.com/doi/citedby/10.1080/02656736.2020.1763484#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/02656736.2020.1763484#tabModule

INTERNATIONAL JOURNAL OF HYPERTHERMIA
2020, VOL. 37, NO. 1, 479-485
https://doi.org/10.1080/02656736.2020.1763484

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ N Checkforupdates‘

Percutaneous radiofrequency ablation in intrahepatic cholangiocarcinoma:
a retrospective single-center experience

Giovanni Brandi®, Alessandro Rizzo? Filippo Gustavo Dall’Olio?, Cristina Felicani®, Giorgio Ercolani,
Matteo Cescon®, Giorgio Frega®, Simona Tavolari®, Andrea Palloni?, Stefania De Lorenzo?, Francesca Abbati?,
Veronica Mollica®, Angela Dalia Ricci® and Carla Serra®

Department of Experimental, Diagnostic and Specialty Medicine, S. Orsola-Malpighi University Hospital, Bologna, Italy; "Department of
Organ Insufficiency and Transplantation, S. Orsola-Malpighi Hospital, Bologna, Italy; “Department of Medical and Surgical Sciences-DIMEC,
S. Orsola-Malpighi Hospital, Alma Mater Studiorum-University of Bologna, Bologna, Italy; “Center of Applied Biomedical Research,

S. Orsola-Malpighi University Hospital, Bologna, Italy

ARTICLE HISTORY
Received 29 January 2020
Revised 2 April 2020
Accepted 25 April 2020

ABSTRACT

Background & aims: Very few data are available in literature about the role of radiofrequency abla-
tion (RFA) in intrahepatic cholangiocarcinoma (ICC) and previous studies are mainly case reports and
case series on a very small number of patients and nodules. In this study, we aimed to evaluate effect-
iveness and safety of RFA for the treatment of unresectable ICC.

Methods: This is a retrospective observational cohort study comprising all consecutive patients treated
with RFA for unresectable ICC at Policlinico Sant'Orsola Malpighi Hospital, Bologna, Italy. Primary end-
point was Local Tumor Progression-Free Survival (LTPFS) while Overall Survival (OS) was also assessed
as secondary endpoint.

Results: From January 2014 to June 2019, 29 patients with 117 nodules underwent RFA. Technique
effectiveness 1 month after RFA was 92.3%; median LTPFS was 9.27 months. Univariate analysis and
multivariate analysis showed that LTPFS was significantly related to tumor size >20 mm. At a median
follow up of 39.9 months, median OS from the date of RFA was 27.5 months, with an OS of 89%, 45%
and 11% at 1, 2 and 4 years, respectively. Number of overall lesions and the sum of their diameter at
the moment of the first RFA significantly affected OS in multivariate analysis. Minor and major compli-
cation rates were 14% and 7%, respectively.

Conclusion: Tumor size >20mm was associated with lower LTPFS, representing a potential useful
threshold value. A careful evaluation of tumor burden appears as a crucial element in choosing the
best therapeutic strategy in unresectable ICC.
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advanced or metastatic disease are often disappointing with
regard to toxicity, time to recurrence, and survival [6].
Moreover, although a high number of patients affected by
ICC have a liver-only disease, clinicians inevitably encounter
difficulties in choosing the best therapeutic strategy for
patients with high-volume lesions and/or vascular or biliary
extensions of the tumor [7]. The application of different
locoregional therapies in ICC has been increasingly used over

Introduction

Biliary tract cancer (BTC) is the second most common pri-
mary liver malignancy, accounting for approximately 10-15%
of all hepatobiliary cancers [1]. BTC includes a heterogeneous
group of neoplasms usually divided in ampulla of Vater can-
cer, gallbladder cancer, extrahepatic cholangiocarcinoma and
intrahepatic cholangiocarcinoma (ICC), which represents at
least 20% of all BTC [2]. Although traditionally considered a

rare malignancy in Western countries, the incidence and
mortality rate of ICC are on the rise worldwide and are pre-
dicted to increase in the near future [3,4]. While radical sur-
gery with clear margins is the only potentially curative
therapy and is associated with 5-year overall survival rates
between 15% and 40%, most patients with ICC are not can-
didates for curative resection because of advanced cancer at
the time of initial presentation or underlying comorbidities
[5]. The results of systemic chemotherapy in patients with

the last 15 years, and the best evidence and most promising
results are currently available for transarterial radioemboliza-
tion (TARE), hepatic artery infusion (HAI), transarterial chemo-
embolization (TACE) and radiofrequency ablation (RFA) [8].
RFA is a locoregional therapy that has been reported to be
effective in the local control of hepatic malignancies in
patients considered unsuitable for surgical resection [9,10];
however, since ICC is a relatively rare tumor, data on the effi-
cacy and safety of RFA in ICC are very limited and mainly
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obtained through case series [11]. In this study, we aimed to
evaluate the efficacy and safety of percutaneous ultrasound-
guided RFA for the complete removal of unresectable, non-
metastatic ICC.

Materials and methods
Patients

The local Institutional Review Board provided this study
approval. An observational cohort study was conducted, in
which all consecutive percutaneous ablations performed to
treat ICCs at Policlinico Sant'Orsola Malpighi, Bologna, Italy,
between January 2014 and June 2019 were noted. All
patients signed an informed consent form prior to RFA;
moreover, all patients signed a further consent form con-
cerning the enrollment in the current study. The decision to
perform RFA was determined by institutional tumor board
which included medical oncologists, gastroenterologists, radi-
ologists, radiotherapists and internationally renowned liver
and transplant surgeons. All the patients included in our
study were considered unresectable due to technical limita-
tions or underlying comorbidities. Exclusion criteria included
abnormal coagulation status or liver function (defined as
prothrombin activity <40% and/or a platelet count of
<40,000/mm?3), poor  performance  status (Eastern
Cooperative Oncology Group Performance Status rating of
grade 2-4), presence of vascular invasion, metastatic disease,
ICC equal or more than 5cm in maximum diameter or more
than three ICC lesions. Cholangiocarcinoma was staged
according to the AJCC staging classification (8th edition,
2017) [12] and only stage IA, IB and Il ICCs were included.
The diagnosis of ICC was based on histologic results of
image-guided percutaneous needle biopsy performed during
the first RFA procedure.

Radiofrequency ablation technique and follow-up

Radiofrequency ablation was performed with local or general
anesthesia and under ultrasonographic guidance. A single or
a cluster needle was used, depending on tumor size, location
and depth. The overall duration of radiofrequency has been
variable according to size and number of lesions (range
10-90 min) and radiofrequency current was emitted by a
200W generator set to deliver maximum power with the
automatic impedance control method. The ablation electro-
des used included RITA XL/XLi electrodes (Angiodynamics,
Latham, NY), LeVeen electrodes (Boston Scientific, Natick,
Mass), and Valley Laboratory electrodes (Covidien, Mansfield,
Mass). All ablations were performed according to the manu-
facturer's protocol. All patients were given a prophylactic
antibiotic (cefazolin 1g or ampicillin 1g) intravenously in
order to decrease the risk of hepatic abscess or other infec-
tions. The procedure required a median hospitalization
period of 3days. A contrast-enhanced ultrasound (CEUS)
examination was performed the day after the RFA and a
computed-tomography  (CT) scan 1 month later.
Subsequently, the patients were examined with CEUS,

enhanced CT or magnetic resonance imaging (MRI) every
3months in the first 2years after RFA and about every
6 months at 2 years after RFA. Patients who experienced local
relapse and who were deemed treatable with RFA were
treated with the same procedure; instead, patients who
experienced extrahepatic recurrence (n=7) or local recur-
rence in which RFA was not feasible (n = 3) received first-line
chemotherapy. None of the patients underwent surgery after
ICC relapse.

Definitions

We used the reporting standards of the Society of
Interventional Radiology to define terminology and reporting
criteria [13]. Technical efficacy was defined as treatment of
the tumor and complete replacement by ablation zones after
assessment during the CT control 4weeks after RFA. Local
tumor progression-free survival (LTPFS) was defined as the
time interval between initial RFA and the first radiographic
evidence of local tumor progression. Overall survival (OS)
was defined as the time between initial RFA and the
patient’s death of any cause or the last follow-up.

Complications were graded as major or minor according
to the standard terminology and reporting criteria in tumor
ablation [14]; major complications were defined as any event
that resulted in increased level of care, including substantial
morbidity or disability, or result in an extended hospital stay.
All other complications were classified as minor. Any case of
transient self-limiting low-grade fever, pain and general mal-
aise was defined as post-ablation syndrome.

Statistical analysis

LTPFS and OS were estimated using the Kaplan-Meier
method. Median follow up was calculated with reverse
Kaplan-Meier method. ROC curve was used to find the best
cutoff, using the status at 6 months (disease control vs pro-
gression) as state variable. Cox proportional hazard model
was used to evaluate factors independently associated with
LTPFS and OS. The normality assumption was verified with
the Shapiro-Wilk test and log10-transformed when appropri-
ate. Variables included in the final multivariate model were
selected according to their clinical relevance and statistical
significance in a univariate analysis (p <.10). The multivariate
model was designed using the backward stepwise method.
Internal validation of the final multivariate model for LTPFS
was performed on the ICl pooled cohort with a bootstrap
sample procedure (n=1000 samples). Performance of the
final model was further quantified by the Harrell C index and
validated with bootstrap resampling procedure to calculate
bias corrected C index.

Results

We identified 29 patients treated with RFA (9 men and 20
women; mean age 63, range 35-84years), which were eli-
gible for inclusion and analysis in this study. In total, 117



Table 1. Baseline characteristics 29 patients who underwent RFA from

January 2014 to June 2019.

Patients (n=29)
Sex

Male 9 (31%)

Female 20 (69%)
Median age

63 years, range 35-84
Size of lesions (mm)

Median 17, range 5-48
Number of ablations per patient

Median 3, range 2-7
Duration of follow-up (months)

Median 39.9, range 2-55
MELD score

Median 7, range 6-22
Bilirubin levels (mg/dL) before RFA

Median 0.53, range 0.66-2.2
GGT levels (mg/dL) before RFA

Median 32, range 23-115

GGT: gamma-glutamyl transpeptidase; RFA: radiofrequency ablation.

lesions (35 lesions at first presentation, 62 local relapses and
20 intrahepatic recurrences) were treated with RFA.

Baseline patient and tumor characteristics are summarized
in Table 1.

Technique effectiveness

Technique effectiveness was 92.3% (108/117) after the first
CT scan performed 1 month after-RFA.

LTPFS analysis

Among all nodules, median LTPFS was 9.27 months (range:
7.34-11.15). LTPFS was correlated to lesion size (log10 trans-
formed) both in univariate and multivariate analysis (HR
64.84, 95% Cl 18.07-232.61, Supplementary Material). Harrel
C index for the model was 0.698 (bias corrected C
index 0.697).

The ROC curve built on the 6 months LTPFS probability
showed an AUC of 0.712 (95% Cl 0.61-0.82) for the largest
diameter of the nodule (p.001, Figure 1). Based on ROC curve
we choose 20 mm as the best cutoff (sensitivity 69%, specifi-
city 70%).

LTPFS was significantly longer in patients with tumor size
less than 20mm than in those equal or more than 20mm
(Figure 2). Median LTPFS was 6.6 months (range 5.1-8.2) for
lesions >20 mm and 12.9 months (range 11.5-14.2) in tumors
<20 mm. Univariate and multivariate analysis showed that
tumor size less than 20mm (p <.0001) was an independent
prognostic factor of LTPFS (HR 3.68; 95% Cl 2.37-5.73;
p <.001; Table 2). The model was validated with a bootstrap
resampling procedure that confirmed the association. C
index for the correlation between tumor size >20mm and
PFS was 0.657 (bias corrected C index 0.652).

OS analysis

At a median follow up of 39.9 months, median OS from the
date of RFA was 27.5 months (95% Cl 24.3-30.6), with an OS
of 89%, 45% and 11% at 1, 2 and 4years (Figure 3),
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Figure 1. Receiver operating characteristic (ROC) curve on the 6 months Local
Tumor Progression-Free Survival (LTPFS). Area under the curve (AUC) was 0.712
(95% Cl 0.61-0.82) for the largest diameter of the nodule (p.001). Based on
ROC curve we choose 20mm as the best cutoff (sensitivity 69%, specifi-
city 70%).

respectively. ECOG — PS (p=.57), overall number of sessions
of RFA (p=.19), Meld score (Model for End-Stage Liver
Disease) more than 9 points (p=.54) and diameter of the
biggest lesion at the first RFA (p=.21) did not significantly
affect OS at univariate analysis (Table 3). On the contrary,
number of lesions (p=.028) and the sum of their diameters
at the first RFA (p =.04) significantly affected OS in multivari-
ate analysis. Given the small sample size, we did not find a
cutoff neither for the number of lesions or the sum of
lesion diameters.

Complications

Minor and major complication rates were 14% (16 of 117)
and 7% (8 of 117), respectively. Major complications included
liver abscess (n=3), pleural effusion (n=2), biloma (n=2),
intrahepatic hematoma (n=1). The complications were
successfully managed with percutaneous drainage and/or
intravenous antibiotics. Four of the 29 patients experienced
post-ablation syndrome that resolved without any treatment.
Additional symptoms were alleviated after conservative
treatment. No deaths occurred within 30days after
the procedure.

Discussion

Choosing the best therapeutic strategy in ICC is an increas-
ing challenge worldwide as the diagnosis often carries
extremely poor prognosis [15]. While surgery still represents
the cornerstone of ICC management, only one-third of
tumors are amenable to surgical resection at the time of
diagnosis; post-surgery recurrence remains high [16,17].
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Figure 2. Local Tumor Progression-Free Survival (LTPFS) of tumors < 20mm and > 20 mm in diameter. Median LTPFS was 6.6 months (range 5.1-8.2) for lesions

> 20mm and 12.9 months (range 11.5-14.2) in tumors < 20 mm.

Table 2. Univariate and multivariate analysis for factors affecting LTPFS.

Univariate Multivariate L
Internal validation

Variable HR (95% Cl) p Value HR (95% Cl) p Value BCa 95% Cl
ECOG PS

0 1 [Reference] 0.77 0.51

1 1.07 (0.66-1.75)
Number of lesions 0.97 (0.89-1.06) 0.48
MELD score

<9 1 [Reference] 0.22 0.57

>9 0.67 (0.35-1.28)
Lesion size

<20 mm 1 [Reference] 0.001 0.001

>20mm 3.68 (2.37-5.73) 3.68 (2.37-5.73) 4.04 (2.47-5.93)
Total bilirubin (mg/dL)

<1.2 1 [Reference] 0.48

>1.3 1.31 (0.63-2.71)
GGT levels

<ULN 1 [Reference] 0.9

>ULN 1.03 (0.67-1.57)
Platelet count

<ULN and > LLN 1 [Reference] 0.4

>ULN 1.86 (0.44-7.81)
Platelet count

<ULN and >LLN 1 [Reference] 0.56

<LLN

0.88 (0.56-1.37)

Univariate and multivariate analysis showed that tumor size less than 20 mm was an independent prognostic factor of LTPFS.
Significant factors are depicted in bold. LTPFS: Local Tumor Progression-Free Survival; HR: Hazard Ratio; Cl: confidence interval; BCA:
bias-corrected and accelerated (BCa) bootstrap; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; MELD: Model for
End-Stage Liver Disease; GGT: Gamma-Glutamyl Transpeptidase; ULN: upper limit of normal; LLN: lower limit of normal.

Unlike the majority of cancers, most ICC-related deaths are
due to local disease progression rather than distant metasta-
ses, supporting the use of locoregional therapies and the
efficacy of several non-surgical management strategies that
have been widely investigated in the last 20 years [18]. Since
Slakey first described the use of RFA in ICC in 2002 [18], few
studies have investigated the use of RFA in ICC, where the
outcomes have been less optimal than those observed in
hepatocellular carcinoma [19,20]. However, RFA has recently
emerged as a minimally invasive treatment option for

hepatic malignancies and as an alternative to resection, espe-
cially for patients who have small lesions and/or are unfit for
surgical resection [21].

With regard to size, some authors consider RFA a useful
technique to provide local control of small, localized, unre-
sectable lesions; in patients with hepatocellular carcinomas
(HCCs) <2cm, for instance, RFA is considered an alternative
to hepatic resection because of their comparable long-term
efficacy [22,23]. However, the complete ablation rate
achieved with RFA declines sharply in the case of larger
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Figure 3. Overall Survival (OS) from the date of Radiofrequency Ablation (RFA) for all patients included.

Table 3. Results of univariate and multivariate analysis for factors affecting OS.

Univariate Multivariate

Variable HR (95% Cl) p Value HR (95% Cl) p Value
ECOG-PS

0 1 [Reference] 0.57

1 1.39 (0.44-4.32)
Number of overall sessions of RFA 0.89 (0.75-1.06) 0.19
MELD score

<9 1 [Reference] 0.18

>9 1.52 (0.40-5.78)
Number of overall nodules treated with RFA 1.58 (0.93-2.67) 0.9 1.87 (1.07-3.27) 0.028
Sum of diameter of nodules at the moment of first RFA (mm) 4.67 (0.68-32.06) 0.9 9.55 (1.1-82.6) 0.04
Diameter of the biggest nodule at the moment of first RFA (mm) 1.04 (0.98-1.19) 0.21

Number of lesions and the sum of their diameters at the moment of the first RFA significantly affected overall survival in multivariate analysis. Significant factors
are depicted in bold. OS: Overall Survival; HR: Hazard Ratio; Cl: confidence interval; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; RFA:

radiofrequency ablation; MELD: Model for End-Stage Liver Disease.

lesions. In agreement with the previous findings after RFA in
HCC [24], tumor size seems to represent a basic parameter
that impacts technique effectiveness in ICC. In two studies,
Carrafiello [25] and Kim [26] suggested that RFA may provide
local control in patients with tumors smaller than about
3.5cm; in the first study Carrafiello et al, in particular,
reported a technique effectiveness of 66%. This value is
probably related to the small size of the case series (n=6)
which included two large tumors (> 5cm). Fu et al. [27] ana-
lyzed data from 17 patients with 26 nodules of ICC with a
median nodule size of 3.8cm; the early success rate after the
first RF ablation at 1 month was 96.2%. In another retrospect-
ive analysis by Butros et al. [28], technique effectiveness,
defined as complete ablation with no evidence of residual
tumor on the 1-month follow-up imaging study, was
achieved in 89% of tumors (8/9 nodules). In our study, tech-
nique effectiveness was achieved for 108 of the 117 nodules
(92.3%), with no procedure-related mortality, and our data
were altogether comparable to those in literature. To our
knowledge, our retrospective report is one of the largest
studies on RFA in patients affected by ICC.

In our study the median LTPFS was 9.27 months, in line
with previous reports of RFA in ICC. In agreement with other
retrospective reports on a lower number of patients and
nodules, our study showed that tumor size less than 20 mm
was significantly associated with higher LTPFS. Therefore, our
results suggested that 20 mm could be considered a thresh-
old value to consider. In fact, univariate and multivariate ana-
lysis identified tumor size equal or more than 20mm as
prognostic of shorter LTPFS. Kim et al., on the other hand,
examined 20 patients affected by 29 nodules of ICC and
reported that tumors <15mm size showed significantly lon-
ger LTPFS than tumors > 15mm [29]. In the same series of
20 patients, Kim et al. stated that the median time between
RFA treatment and death was 27.4months. In our series, a
median overall survival of 27.5months and a 1-, 2-, and 4-
year survival rate of 89%, 45% and 11% from the time of
RFA was achieved.

Given the minimal invasiveness with low morbidity and
mortality rates and short hospital stays, RFA is considered a
safe technique, with some remarkable exceptions. With
regard to ICC, scarce data are available about the safety
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profile of RFA in this neoplasm. A recent meta-analysis and
systematic review by Han [30] evaluated seven studies on
RFA in 84 nodules of ICC and major complications occurred
in four studies. Kim et al. [29] reported one liver abscess 1
month after the RFA session and the patient died of sepsis 3
months after RFA despite percutaneous drainage and antibi-
otics administration. In Fu’s study [27], one patient devel-
oped symptomatic massive pleural effusion which was
successfully managed with thoracentesis. In our study, we
reported eight major complications (8/117, 7%); three
patients developed liver abscess after RFA and the complica-
tion was successfully managed with percutaneous drainage
and antibiotics. No deaths occurred within 30days after
the procedure.

Our study had notable limitations. First, it was a retro-
spective study and its nature precluded us from making
strong statements regarding the prognostic and therapeutic
implications of RFA in ICC. Second, the study included a
widely varied patient population from a single institute and
the total number of patients analyzed was relatively small.
Another limitation was the lack of histopathologic evaluation
to verify complete nodule destruction after RFA. Finally, the
analysis of OS was burdened by several limitations, including
the small number of overall patients and the inclusion of
lesions at different stages (first presentation, local relapse
and intrahepatic relapse).

Nevertheless, despite the presence of the limitations
stated above, we believe our study can provide useful infor-
mation on the role of RFA in ICC in terms of LTPFS and OS.
Unfortunately, no level 1 data currently support the use of
this loco-regional treatment in ICC and very few data are
available in this context. We recognize the need for pro-
spective randomized studies with larger samples in order to
provide further information concerning RFA in ICC and to
ensure different therapeutic options in this highly lethal and
increasingly frequent disease.

Conclusions

In this retrospective study we evaluated the efficacy and
safety of RFA in the treatment of patients affected by unre-
sectable ICC. Although some limitations affected this study,
the application of RFA led to a remarkable local tumor con-
trol with low post-procedure morbidity and no peri-interven-
tional mortality. RFA for unresectable ICC resulted in a
median LTPFS of 9.27months and a median OS of
27.5months after the procedure. Given the current lack of
randomized studies, a key element in choosing the best
therapeutic strategy in unresectable ICC would be to opt for
a careful and individual decision-making, taking into account
the benefits and risks of this effective and minimally invasive
yet poorly studied technique.
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