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Abstract

Intrahepatic cholangiocarcinoma (iCCA) is a rare cancer with generally poor prognosis. In this narrative review, we
examine the role of thermal ablation and summarize the current literature. Radiofrequency ablation (RFA) and
microwave ablation (MWA) are both safe and well-tolerated as a minimally invasive local curative treatment
option for patients suffering from primary and secondary liver tumors. Both methods can be used in patients with
medical morbidities that would preclude surgery, as well as individuals with anatomical or functional constraints
that impede liver resection. In unresectable iCCA, the median OS after conventional percutaneous US- or CT-
guided RFA and MWA is between 20 and 39 months and 10 and 28 months, respectively. In recurrent iCCA,
percutaneous RFA and MWA achieved a median OS of 21-27 months and 21-31 months, respectively. These data
are comparable to long-term outcomes after surgical resection (SR), with the number of nodules and tumor size
affecting prognosis. Stereotactic radiofrequency ablation (SRFA) allows for effective treatment of large and
multiple iCCA nodules within one session and achieves short- and long-term results in inoperable patients
compared with resection. With the addition of SRFA as an alternative treatment option, the proportion of patients
who can be treated with curative treatment has significantly increased. In the absence of prospective trials
comparing thermal ablation and surgical resection, we recommend a patient-specific decision-making process.
Future research to identify technical and clinical prognostic criteria, as well as molecular markers of tumor biology,
may help select patients for ablation and subsequent outcomes.
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INTRODUCTION

Incidence of iCCA

Intrahepatic cholangiocarcinoma (iCCA) is the second most common primary liver cancer with a
worldwide increase in incidence and mortality. Due to its late diagnosis, aggressive biology, and resistance
to therapy, iCCA is generally associated with a poor 5-year OS of less than 10%"".

Histopathology and risk factors for iCCA

The large and small duct types of iCCA exhibit different clinicopathological characteristics and mutation
profiles”. Small duct iCCA is frequently associated with non-biliary chronic liver illnesses, such as viral
hepatitis and metabolic syndrome. The large duct iCCA type occurs in chronic cholangitis and is
characterized by more severe pathological symptoms like lymphatic and/or perineural invasion, and a worse
long-term prognosis”. Primary sclerosing cholangitis (PSC) is the most important known risk factor for
iCCA, which is an important cause of death among PSC patients'*. Annually, approximately 0.6%-1.5% of
PSC patients develop iCCA, with a prevalence of 6 to 13% and a lifetime risk of up to 20%".

Diagnosis of iCCA

According to the recent EASL guidelines'”, a tumor biopsy is recommended in order to confirm the iCCA
diagnosis, distinguish subtypes, and investigate molecular parameters. In terms of imaging, MRI is superior
to CT to stage iCCA within the liver”. Distinguishing iCCA from cHCC-iCCA (combined hepatocellular-
cholangiocarcinoma), which is characterized by both hepatocytic and cholangiocytic phenotypes, remains a
difficult task!. Therefore, if there are multiple suspicious nodules with varying imaging characteristics, we
recommend biopsies of at least one nodule with each different imaging appearance. PET scanning is
recommended to identify metastatic lymph nodes and distant metastases. PET scan has a sensitivity and
specificity of 37% and 97%, respectively, to detect lymph node metastasis”. In addition, endoscopy-guided
lymph node sampling may be helpful to inform treatment decisions'”.

Treatment options for iCCA

Surgical resection

According to recent guidelines*"” surgical resection (SR) with negative margins (Ro) remains the first-line
treatment for iCCA. However, only 12%-40% of patients who are referred for treatment are resectable>'*.
Reported overall survival (OS) at 5 years ranges from 22% to 45%, and recurrence rates are as high as
80%"". Due to the early and high incidence of tumor recurrence in the postoperative setting, multifocal
iCCA portends a poorer prognosis versus solitary lesions'”. Recently, liver transplantation (LT) was
proposed as an alternative to SR in cirrhotic patients with small iCCA. In a retrospective multicenter
study", 49 LT and 26 SR patients with iCCA/cHCC-CCA < 5 cm in cirrhosis were compared. LT patients
had a markedly lower incidence of recurrence (18% vs. 46%; P = 0.01). Among patients in the LT group, 5-
year survival was 69% and 65% (P = 0.40) among patients with lesions <2 cm and > 2-5 c¢m, respectively. In
another retrospective analysis, 1-, 3-, and 5-year actuarial survival of 82%, 61%, and 61% were achieved in
six patients with single tumors up to 3 cm"”. According to the most recent EASL guidelines, early-stage
iCCA ( =3 cm) arising in the context of cirrhosis is eligible for liver transplantation, preferably under study
protocols'®.

Systemic treatment

In two randomized controlled trials, the combination of gemcitabine and cisplatin (GemCis) was associated
with a median OS of 11.6 months"*. GemCis is currently the standard first-line treatment for patients with
advanced iCCA. The addition of durvalumab to GemCis increased the median OS to 12.8 months among
patients with good performance status'”. Immune checkpoint inhibitors and molecularly targeted therapies,
which may have the potential to revolutionize systemic treatment of iCCA, are being tested in multiple
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clinical trials®.

Locoregional treatment
Locoregional treatments (LRTs) include hepatic arterial infusion of chemotherapy (HAI)*", transarterial
chemoembolization (TACE)™, radioembolization (TARE)***", and radiation therapy (RT)"".

Reported median OS and median PFS after HAI ranged from 10.1-31.1 months and 5-11.8 months,
respectively”. One recent cohort study”reported that HAI floxuridine chemotherapy achieved similar OS
in patients with multifocal iCCA compared with RX. In particular, 5-year OS among patients with 4 or
more lesions was 5.0% (95%CI: 1.7%-14.3%) in the HAIP group compared with 6.8% (95%CI: 1.8%-25.3%)
in the RX group. In turn, treatment of multifocal iCCA with RX should be considered with care as the risk
of complications with major liver resection can be high. Moreover, evidence for the treatment of iCCA with
LRT is scarce. The reported median OS for TACE, TARE, and RT ranged from 6-30 months, 5.7-33.6
months, and 7-39.5 months, respectively”’. However, despite a low level of evidence and a wide variability
in outcomes, these treatments are safe and feasible and can be reasonable alternatives or adjuncts to
systemic therapy for some patients with unresectable disease.

Thermal ablation is regarded as a potentially local curative treatment option. In this narrative review, we
summarized the most relevant articles related to conventional, US- or CT-guided, percutaneous thermal
ablation for iCCA that were published between 2000 and 2023. In addition, we highlight studies reporting
the application of sophisticated stereotactic planning and guidance techniques.

PERCUTANEOUS ABLATION

Techniques

Radiofrequency ablation (RFA) and microwave ablation (MWA) are minimally invasive procedures for the
local curative treatment of liver tumors. The objective is to obliterate the entire tumor, including a margin
of safety that is 0.5-1 cm™"; the needle tract should also be cauterized during probe removal to avoid
tumor seeding. The principle of RFA is based on high-frequency alternating electrical current that is emitted
by the tip of the RFA electrode, which causes frictional heat in the surrounding tissue™. Cell death is
achieved at temperatures of 60-100 °C. Microwave ablation (MWA) is considered a valid alternative to RFA.
Direct heating in the tissue volume around the antenna is induced by an oscillating electromagnetic field.
Compared with RFA, MWA is less susceptible to the heat sink effect, and larger and more predictable
ablation zones can be achieved in a shorter time®. Interventional radiologists typically perform RFA and
MWA percutaneously under computed tomography (CT)"" or ultrasound (US) guidance". Additionally,
thermal ablation can be performed during open or laparoscopic liver surgery"?.

Exclusion criteria and complications

In most studies, exclusion criteria for conventional single probe RFA and MWA include severe
coagulopathy, severe thrombocytopenia, vascular invasion, large tumor size (> 3 or > 5 cm), multiple
hepatic lesions (> 3-5), progressive extrahepatic metastases, or poor performance status?*>*»***,

Both RFA and MWA are well tolerated. Post-ablation syndrome is common and characterized by fever and
flu-like symptoms. Major complications after thermal ablation of iCCA include bleeding, liver abscess,
biloma, biliary stricture, hepatic failure, pleural effusion, ascites, and tumor seeding. Minor complications
include elevated liver function tests, thrombocytopenia, portal vein thrombosis, asymptomatic pleural
effusions, or hematomas.
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Follow-up after thermal ablation

Patient follow-up usually includes an early treatment response assessment by contrast-enhanced CT scan or
magnetic resonance imaging (MRI) performed within 1 month after treatment, followed by imaging at 3-6
month intervals™ . Assessment at one month after the intervention defines technical effectiveness. When
no suspicious contrast enhancement is observed in the periphery or the ablated area, then tumor necrosis is
deemed complete. Nodular intralesional or peripheral contrast enhancement on CT or MRI imaging and/or

an increase in tumor size define recurrence®”.

Outcomes after conventional US- and CT- guided thermal ablation [Table 1]

Radiofrequency ablation

In 2002, Slakey™ reported the first successful use of RFA in a patient with recurrent iCCA after SR.
Chu et al. reported the results of percutaneous US-guided RFA of 40 patients with recurrent iCCA with a
tumor size < 5 cm after SR™. The median OS from the date of SRFA was 26.6 months, and the
corresponding 3- and 5-year OS were 36.2% and 18.3%, respectively. Kim et al. treated 20 patients with 29
recurrent iCCAs (mean tumor size: 1.9 cm) with ultrasound-guided percutaneous RFA". The mean local
tumor progression-free survival (PFS) was 39.8 months. Reported 1- and 4-year survival was 93% and 74%,
with a median OS of 27.4 months after RFA. Two major complications (7%, one liver abscess, and one
biliary stricture) were reported. The same group reported outcomes after RFA of primary unresectable
iCCAs in 13 patients™. One liver abscess (6%) was observed. RFA achieved a median OS and 1-, 3-, and 5-
year survival of 38.5 months, and 85%, 51%, and 15%, respectively. Carrafiello et al. reported a median OS of
20 months after RFA of primary unresectable iCCAs in six patients*”. In two large lesions, pre-
interventional transarterial embolization was performed to decrease the “heat sink” during RFA. Brandi et
al. treated 29 patients with unresectable ICCA with a tumor size of larger than 5 cm with percutaneous US-
guided RFA™

The authors reported a LTPES of 9.3 months and a median OS of 27.5 months. The major complication rate
was 7%. Butros et al. treated seven patients with nine iCCAs with percutaneous US-guided RFA. Local
tumor control was achieved in 8/9 tumors'*. The mean OS was 39 months (range: 12-69 months).

Microwave ablation

In an early series, Yu et al. treated 15 patients with 24 iCCA lesions (mean tumor size, 3.2 + 1.9 cm) with
ultrasound-guided MWA in 38 sessions*!. Major complications occurred in three patients, including two
liver abscesses (13.3%) and one needle seeding (6.7%). During a mean follow-up of 12.8 months, 6/24
lesions (25%) demonstrated local tumor progression. The cumulative 6-, 12-, and 24-months OS were
78.8%, 60.0%, and 60.0%, respectively. Wang et al. treated 29 patients with 58 iCCAs (mean diameter: 2.7
cm) with US-guided MWA™. With 18 months of median follow-up, cumulative 1- and 3-year OS was
64.4% and 48.1%, respectively. Postoperative extrahepatic metastasis was associated with worse long-term
survival (P = 0.006).

Ni et al. reported that ALBI grade predicted long-term outcomes of CT-guided MWA of iCCAs in 78
patients'*”. With 23 months of median follow-up, cumulative 1-, 3-, and 5-year OS was 89.5%, 52.2%, and
35.0%, respectively. OS was higher among patients with ALBI grade 1 compared with patients who had
ALBI grade 2 (P < 0.001). In a similar study, Yang et al. reported 52 patients with 74 iCCA lesions who
underwent MWA™. The incidence of major complications was 3.8% and the 1-, 3-, and 5-year OS was
87.4%, 51.4%, and 35.2%, respectively. Older age (P = 0.002), tumor size > 3 cm (P = 0.021), and albumin
bilirubin (ALBI) grade (P = 0.004) were negative predictors of OS.
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Table 1. Outcomes of conventional US- and CT-guided percutaneous thermal ablation of iCCA
Tumor size
. . . (cm) Median OS 0OS3 OS Major LTPFS / PFS
Author (Year) Technique n  Diagnosis Median/Range; OS 1yr yr 5yr Complications /LR
Mean/SD
RFA
Chuetal 2021 percutaneous 40 Recurrent 15 (0.6-4.4) 27mo  67% 36% 18% 4.7% N/A
US-guided iCCA
RFA
Kim et al. (201! percutaneous 20 Recurrent 1.5(0.7-4.4) 27mo  70% 60% 21% 7% median LTPFS
US-guided iCCA 2yr) (4yr) 40 mo
RFA
Kim et al. (2011)" percutaneous 13  Unresectable 3.2 (0.9-8) 39mo  85% 51% 15% 6% median LTPFS
US-guided iCCA 32 mo
RFA (Primary)
Carrafiello et al. percutaneous 6  Unresectable 3.5 (1-5.8) 20mo  N/A N/A N/A 0% N/A
2010)” US-guided iCCA
RFA (Primary)
Brandi et al. (2020)%® percutaneous 29 Unresectable 1.8 (0.5-4.8) 28mo  89% 45% NMN% 7% median LTPFS
US-guided iCCA (2yr) (4yn) 9 mo
RFA (Primary)
Butros et al. (2014)™ percutaneous 7 Unresectable 2.4 (13-3.3) 39mo  85% 100% 60% 20% median LTPFS
US/CT- and recurrent 36 mo
guided RFA iCCA
MWA
Yuetal 01" percutaneous 15 Unresectable 3.2+19(13-99) 10mo  60% 60% N/A 20% N/A
US-guided iCCA 2yr)
MWA (Primary)
Zhang et al. (2018)" % percutaneous 107 Unresectable/ <5 28mo  94% 40% 8% 2.8% median LTPFS
US-guided Recurrent 9 mo
MWA iCCA
Nietal 2019 percutaneous 78 Unresectable 31+0.7(0.8-50) N/A  90% 52% 35% 3.8% LTPFS1,3,5 yr:
US-guided iCCA 79%,20%,0%
MWA (Primary)
Yang et al. (202D)™"" percutaneous 55 Unresectable 3.1+0.7 (0.8-5.0) N/A 87% 51% 35% 3.8% LTPFS1,3,5yr:
US-guided iCCA 69%,57%,57%
MWA (Primary)
Wangetal. (2022)™* percutaneous 29 Unresectable 0.5-8.1cm 18 mo N/A N/A  N/A N/A median LTPFS
US-guided iCCA 18 mo
MWA (Primary)
MWA vs.
RFA
Gjorgio et al. 2019 percutaneous 35 Unresectable 3.6(2.2-7.2) N/A 95% 75% 68% 0% PFS1,3,5yr:
US-guided iCCA 79%, 59%,
MWA (Primary) 55%
percutaneous 36 Unresectable 3.1(2-8) N/A 86% 53% 26% 0% PFS1,3,5yr:
US-guided iCCA 9%, 51%, 8.5%
RFA (Primary)
Ablation vs.
HR
Xuetal. 2019”7 percutaneous 56 Recurrent 27+05(0.8-50) 31mo  81% 42% 24% 53% N/A
US-guided iCCA
MWA
SR 65 Recurrent 28+0.4(.0-50) 29mo  77% 36% 22% 13.8% N/A
iCCA
Zhanget al. (2013)*° percutaneous 77 Recurrent >3(44%)max5 21mo  70% 21% 0% 3.9% N/A
US-guided iCCA
MWA/ RFA
HR 32 Recurrent >3(32%) max 6.7 20mo  84% 17% 0% 46.9% N/A
iCCA
Xiang et al. (2020) ° percutaneous 34 Resectable 3.2 (2.5-4) 39mo  90% 42% 24% N/A N/A
US-guided iCCA
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RFA (Primary)

HR 150 Resectable 3.5(25-4.2) 38mo  87% 73% 62% N/A N/A
iCCA
(Primary)

US: ultrasound; CT: computed tomography; HR: hepatic resection; iCCA: intrahepatic carcinoma; LTPFS: local tumor progression-free survival; LR:
local recurrence; mo: month; MWA: microwave ablation; OS: overall survival; PFS: progression-free survival; RFA: radiofrequency ablation; SD:
standard deviation; yr: year; N/A: not available.

Zhang et al. treated 107 patients with 171 iCCAs with a maximum size of 5 cm and a maximum tumor
number of three with US-guided MWA™. The reported incidence of major complications was 2.8%. With
20 months of median follow-up, median PFS and OS were 9 months and 28 months, respectively.
Corresponding OS after 1, 3, and 5 years was 93.5%, 39.6%, and 7.9%, respectively.

Study comparing radiofrequency ablation and microwave ablation

Giorgio et al. compared the long-term results of percutaneous US-guided RFA (n = 36) and US-guided
MWA (n = 35) in 71 iCCA patients with a total of 98 nodules in an Italian retrospective multicenter
study"”. No major complications occurred. OS among the entire series at 1-, 3-, and 5-year was 88%, 65%,
and 45%, respectively. OS, disease-free survival (DES), and PFS were superior in the MWA group
(P < 0.005). Lesion diameter and MWA were independent factors predicting better survival.

Studies comparing thermal ablation with surgical resection

Xiang et al. utilized the Surveillance, Epidemiology, and End Results (SEER) database and compared the
outcomes of RFA and SR for 184 patients with small (< 5 cm) T1 stage primary iCCA™. RFA was associated
with significantly worse 1-, 3-, and 5-year OS compared with SR (P < 0.001). The OS associated with the
RFA group at 1-, 3-, and 5-years was 89.9, 42.4, and 23.9%, and 87.4, 73.3, and 61.5%, respectively, for the SR

group.

Zhang et al. compared the effectiveness, safety, and outcome of repeated SR (n = 32) and thermal ablation
(n=77) in treating recurrent iCCA™. Major complications were more common following SR (P < 0.001).
There were no differences in OS (P = 0.996) and DFES (P = 0.692) between SR and thermal ablation was
noted. Patients with lesions > 3 cm in diameter had a significantly better outcome after repeated SR versus
thermal ablation (P = 0.037). In addition, the recurrence interval and the number of recurrent tumors were
identified as prognostic factors associated with OS. The authors concluded that repeated SR and thermal
ablation are both effective treatments for iCCA with similar overall efficacy. Patients with lesions < 3 cm
should be treated by thermal ablation, whereas repeated SR should be the preferred treatment for larger
tumors.

In a similar study, Xu et al. noted that the OS (P = 0.405) and RFS (P = 0.589) of patients with recurrent
iCCA were similar after RS in 65 patients and US-guided MWA in 56 patients™. 5-year OS was 22% after
SR and 24% after MWA, and 3-year RFS was 31 % after SR and 33% after MWA. The incidence of major
complications was lower in the MWA group than in the SR group (P < 0.001). Tumor number (P = 0.012),
ALBI grade (P = 0.007), and metastasis (P = 0.016) were independent predictors of OS rate.

FUTURE PERSPECTIVE

Local recurrence is associated with a worse long-term outcome. Tumor size is considered the most relevant
factor associated with obtaining complete ablation in primary and secondary liver tumors, including
iCCA#°%l The discrepancy between tumor geometry and geometry of the necrosis induced by RFA
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accounts for incomplete ablations. After thermal ablation of hepatocellular carcinoma (HCC), a minimal
ablative margin (MAM) of at least 5 mm should be attained to prevent local tumor growth™. For colorectal
liver metastases (CRLM), a safety margin of at least 1 cm has been proposed”’. A single ablation probe
position can ablate only a limited volume, regardless of the specific ablation technology. Percutaneous
thermal segmentectomy, which combines balloon-occluded single probe MWA and then balloon-occluded
TACE, seems to be a promising approach for the treatment of large tumors (> 2-3 cm)"*. Alternately, ideal
coverage of the tumor including a MAM must be achieved by overlapping ablation zones. To achieve
reliable results, careful three-dimensional placement planning and a method for precise execution of the
planning are required. Conventional US- or CT-guided punctures might not be able to meet this
requirement.

Stereotactic thermal ablation

Neurosurgeons have utilized stereotaxy for years to extract tumors and conduct biopsies. It employs a 3D
|, Frame-based stereotaxy
includes screwing a frame to the patient's skull and employing computer-aided technology to calculate

56,57

coordinate system that enables precise insertion of instruments within patients'

instrument trajectories and distances in a Cartesian coordinate system. Invasive fixation and surgical access
restrictions limit this method"". Frameless stereotactic three-dimensional navigation devices have addressed
these issues. These technologies, now standard in neurosurgery operating rooms, allow surgeons to identify
spots within the patient using a real-time 3D coordinate CT or MR system”®. Modern navigation systems
are used in many different clinical settings, including the liver. Using a Cartesian coordinate system, the
software allows for the planning of the needle trajectory. Adjusting the aiming device in accordance with the
virtual pre- or intraoperative plan enables the puncture of almost any part of the body through the skin'™.
Robot-assisted navigation systems have the advantage of providing semi-automatic adjustments compared

60-63]

with passive navigation systems that necessitate manual aiming!®*".

Single-probe stereotactic MWA

Stereotactic systems have been utilized in conjunction with MWA (SMWA). Kim-Fuchs et al. used single-
probe SMWA to treat 10 patients with 5 primary and 6 recurrent iCCA lesions (mean tumor size: 2.1 cm)
and demonstrated that it is safe, with short hospital stays and a low complication rate'*". The reported local
recurrence rate was 27% (3/11).

Multi-needle stereotactic RFA

Three-dimensional planning and precise needle placement is facilitated by stereotactic methods that
enhance the efficacy of multi-needle RFA"*”, which can define overlapping ablation areas™. Using a multi-
needle coaxial technique, multiple lesions'” can be targeted in a single session. Moreover, coaxial needles
allow for tumor biopsies right before ablation. As the needles are positioned prior to the start of the
ablation'®”), this technique facilitates the customization of the ablation site to a virtually arbitrary size!*”.

68]

Decreasing the distance between needles close to vessels can decrease the heat sink effect!

Outcomes after multi-needle thermal ablation with stereotactic guidance [Table 2]

Local recurrence and OS after multi-needle SRFA for different types of primary'®”" and secondary liver
tumors”>7 have been reported to be similar to those after surgery, even when the tumor was large and close
to major vessels®. The first study published in 2011"" reported outcomes after multi-needle SRFA of 18
primary iCCAs and 16 recurrent ICCAs in 11 consecutive patients. Despite a median lesion diameter of 3.0
cm (range: 0.5 to 10 cm) only three local recurrences (8%) were observed after a mean follow-up time of 35
months. Three major complications (13%) were noted and treated by the interventional radiologist. The
resulting 1-year and 3-year OS and median OS (Kaplan Meier) were 91% and 71%, and 60 months,
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Table 2. Outcomes of stereotactic CT-guided percutaneous thermal ablation of iCCA

Tumor size (cm) Median OS 0S3 OS Major

Author (Year) Technique n Diagnosis Median/Range; . e LR
Mean/SD oS 1yr yr 5yr Complications
Stereotactic
RFA
Haidu et al. Multi-needle 11 Unresectable/Recurrent 3 (0.5-10) 60mo  91% 71% N/A 13% LR SRFA:
012)"" SRFA iCCA 3/36
(8%)
Kim-Fuchs et al. ~ Single-probe 10 Unresectable/ 2(0.6-3.2) N/A N/A N/A N/A 10% LR
021t SMWA Recurrent iCCA SMWA:
3/1
(27%)
SRFA / HR
vs. CTX
Braunwarth et al. SRFA (n= 16 Recurrent iCCA N/A 38 mo 88% 57% 49% LR SRFA:
(2022)"" )/ HR (n = /1 (9%),
5) LR HR:
1/5
(20%)
Palliative 27 Recurrent iCCA N/A 17 mo 65% 17% 0%
treatment

CTX: Chemotherapy; HR: hepatic resection; iCCA: intrahepatic carcinoma; LR: local recurrence; mo: month; N/A: not available; OS: overall
survival; SMWA: stereotactic microwave ablation; SRFA: stereotactic radiofrequency ablation; yr: year.

respectively. The 1- and 3-year DFS rates were 62 and 22%, respectively, with a median DFS time of 24.3
months.

Patient morbidity or anatomical or functional limitations can preclude repeated hepatic resection. Thermal
ablation is a tissue- and anatomy-sparing technique that allows repeated treatments while preserving organ
function. In 2010, we described a case of a 72-year-old male patient with a 13-centimeter-diameter,
unresectable iCCA with intrahepatic metastases. Initially, the patient underwent three SRFA sessions®”. The
same patient received seven additional ablation sessions over nine years for ten recurrent intrahepatic
lesions in all eight Coinaud segments"”. Hospitalization periods were short, and procedure-related
discomfort was mild. The patient's liver function remained within the physiological range in spite of
multiple sessions one year after the last SRFA.

Another recent study” from our group demonstrated that the application of multi-needle SRFA in
recurrent iCCA significantly increases the number of patients that can be re-treated with curative intent.
The efficacy, safety, and outcome of local versus palliative treatment for recurrent iCCA after SR were
compared in a total of 43 consecutive patients. Five patients underwent hepatic resection (1-2 sessions),
eleven patients underwent SRFA (1-9 sessions) with curative intent, and the other 27 patients had palliative
care. Patients who underwent repeated liver-directed therapy had OS similar to patients without recurrence
(P = 0.938) and better outcomes than patients who had palliative care (P = 0.018). 5-year OS among patients
without recurrence after initial resection versus patients who underwent repeated local curative liver-
directed therapy versus individuals who had palliative care were 54.3%, 47.7%, and 12.2%, respectively. The
rate of curative re-treatment increased from 11.9% to 37.0% when SRFA was added to SR as another
treatment option. Unresectable patients undergoing multi-needle SRFA had fewer local recurrences (1/11,
9%) vs. SR (1/5,20%). Due to the outstanding short- and long-term outcomes, SRFA was recommended as
the initial local treatment for iCCAs in selected patients.
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Despite the consistently good outcomes, stereotactic approaches are still utilized in only a small number of
centers worldwide"”. This is likely due to the requirement for additional investments, such as a 3D
navigation system, a dedicated CT, and the availability of general anesthesia. Additionally, the stereotactic
approach necessitates the training of a specialized team composed of an interventional oncologist, a
radiation technician, and an anesthesiologist.

Combination of thermal ablation with lymph node dissection

The presence of nodal metastasis in iCCA patients is associated with a poor prognosis, with a median
survival of < 20 months”. Therefore, adequate lymphadenectomy (at least 6) during surgical resection is
recommended for accurate staging™. However, it is still unclear if the additional morbidity related to
lymphadenectomy during SR is justified because the impact on survival remains uncertain®’. We therefore
recommend combining thermal ablation with laparoscopic LND only in cases with highly suspicious lymph
nodes on cross-sectional imaging and/or PET scan, as there is no clear evidence of a survival benefit to
removing LN in the setting of an ablation.

SUMMARY

Percutaneous image-guided thermal ablation techniques such as RFA and MWA are safe and well-tolerated
local curative treatment options. These treatment modalities are associated with a lower risk of
complications and a shorter hospital stay compared with resection. In addition, these techniques spare
healthy tissue and may also be applied in unresectable patients. The reported median OS after conventional
US- or CT-guided RFA and MWA in patients with unresectable or recurrent iCCA ranges from 10-39
months. For the treatment of patients with primary iCCA, retrospective studies indicate that SR is more
effective than conventional US- and CT-guided thermal ablation. Among patients with recurrent iCCA after
SR, two recent studies reported similar long-term outcomes for thermal ablation and repeated SR, with the
risk of severe complications being in favor of thermal ablation. The number of nodules and tumor size are
relevant prognostic factors. Technical developments such as stereotaxy, image fusion, and robotics improve
the efficacy and outcome of thermal ablation procedures. Multi-needle SRFA with intraprocedural control
of the ablation result by means of image fusion allows for effective and reliable treatment of large and
multiple iCCA nodules within one session with excellent short- and long-term results that are comparable
to resection. With the addition of SRFA as an alternative treatment option for recurrent iCCAs, the rate of
curative re-treatment can be increased significantly.

As a result of the rarity of early iCCA, evidence regarding the efficacy of all different local treatment options
remains scant. There are no prospective studies comparing thermal ablation and SR for the treatment of
primary and recurrent iCCA available. More research, including validation of technical and clinical
predictors and a better understanding of the molecular biology of tumors, should help to stratify patients for
a combination of local and systemic treatments including promising immunotherapies and targeted
therapies'®..
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