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Chapter 9
Percutaneous Ablation

Guojun Qian, Jinglei Zhang, and Feng Shen

Introduction

Intrahepatic cholangiocarcinoma (ICC) is a primary adenocarcinoma originating
from the intrahepatic biliary tree and is the second most common primary liver
cancer after hepatocellular carcinoma (HCC) [1]. The incidence of ICC is increas-
ing worldwide according to the recent reports and its development is known to be
associated with certain predisposing genetic and environmental factors [2]. Because
ICC is often diagnosed at an advanced stage and exhibits aggressive tumor biology,
the long-term survival outcomes of patients with ICC remain poor [3]. Among pos-
sible treatments for patients with ICC, surgical resection is the only established
treatment that may provide long-term survival in well-selected patients, especially
when the tumor is completely resected with a negative surgical margin [4, 5].
However, the majority of patients are not candidates for curative-intent surgery due
to advanced disease at the time of diagnosis [6]. In addition, tumor recurrence and
metastasis are still common even among patients who are able to undergo radical
resection.

Image-guided percutaneous ablation is a minimally invasive therapy, which can
result in local destruction of multiple types of liver malignancies [7-9]. Although
ablative techniques have been well established in the treatment of HCC and isolated
liver metastases, demonstrating efficacy even in large liver tumors via stereotactic
placement of multiple radiofrequency probes [10], only limited data are currently
available on the use of ablation in ICC. In addition, for recurrent ICC after initial
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curative resection, the use of repeat hepatectomy is usually limited by poor liver
remnant function or multifocal recurrent diseases. In addition to systemic chemo-
therapy, these patients may be treated with locoregional therapies such as external
beam radiation (XRT), radiofrequency ablation (RFA), microwave ablation (MWA),
and radioactive implants (RIs) [11, 12].

This chapter reviews the technique, mechanism of action, indications, and out-
comes of percutaneous ablation for ICC, highlighting the currently available
evidence.

Indications for Percutaneous Ablation for ICC

There is limited research for which to base guidelines on the indications for percu-
taneous ablation in ICC. In clinical practice, patients with ICC who are not suitable
for resection or who have developed relapse after resection are often considered for
percutaneous thermal ablation. However, it is not uncommon for patients with ICC
to undergo ablation based on a presumptive diagnosis of HCC, for which the use of
curative-intent ablation is more established. Since the accurate histopathological
evaluation of ablated tumors is usually not possible, this limitation must be consid-
ered when evaluating research on ablation for ICC. Percutaneous thermal ablation
is commonly used in HCC patients who have a tumor within the Milan criteria,
either as a curative-intent treatment or as a bridge to transplantation [13]. However,
some authors have reported that the indications for percutaneous ablation should be
less stringent: less than 5 nodules, each <5 cm in size, Child-Pugh class A or B liver
function, prothrombin time <17 seconds, platelet count >45 cells x10°/L, and no
evidence of macrovascular invasion and/or extrahepatic distant metastases [14].
However, treatment guidelines for the use of percutaneous thermal ablation in ICC
are not comprehensive and immature. Zhang et al. reported that ablation should be
considered based on the following criteria: histopathologically proven ICC, primary
or recurrent tumor after surgery, maximum tumor size <5 cm, tumor number <3.
Whether additional indications beyond this standard are also suitable for ablation is
unknown [15].

Therapeutic Mechanism of and Equipment for RFA
and WMA

Both RFA and MWA result in cytotoxic destruction of cancer cells via direct ther-
mal injury. The ablation procedures involve placing needles (electrodes/antennas)
directly into the targeted tumors. It aims to increase the temperature between 60 and
100 °C in the tumor tissues, which can lead to coagulation necrosis of the tumor
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while avoiding charring and vaporization of tissues [16—18]. In addition, thermal
ablation technology is designed to destroy tumors without disrupting adjacent liver
structures. These treatments have achieved acceptable outcomes in previous studies
of liver tumors [12, 14, 19].

RFA

A large body of literature exists on the use of RFA for HCC and liver metastases.
During the process of ablation, the needle is placed directly into the targeted tumor,
and one or more electrodes are deployed from the tip of the needle to the tumor tis-
sues. The heat and the friction generated by the radio energy through the ion pro-
duced by the needle generate heat and destroy the tumor tissues. A miniature
thermometer coupled to the tip of the electrode allows continuous monitoring of
tissue temperature. The power is automatically adjusted to keep the target tempera-
ture constant. As tissue temperature increases above 60 °C, cancer cell death occurs
almost instantaneously [20].

Multiple ablations can overlap to reduce the chance of residual disease and/or
local recurrence following ablation. The size of the ablated area depends mainly on
the size of the electrode needle, the temperature generated in the tissues and the
duration of the energy applied. A sharp boundary separates dead tissue and unaf-
fected surrounding tissue [20-22].

MWA

MWA is an alternative method of inducing tissue thermal coagulation. Microwave
magnetic fields make surrounding molecules rotate at high speed and frictional
heating, resulting in tissue coagulation, dehydration, and necrosis. It involves plac-
ing needle electrodes directly into the targeted tumors. Each ablation produces a
hyperechoic region surrounding the needle. Unlike RFA, MWA does not need to use
a retractable tip that results in a tendency to be more elliptical and requires more
courses of treatment for larger tumors. On the other hand, treatment sessions are
usually shorter than that for RFA because an ablation is produced in 60 seconds
with microwave therapy [23].

Currently, MWA is performed usually using a cooling shaft system that produces
a maximum power of 100 W at 2450 MHz [24], while the conventional setting for
ablation is 60—100 W output power, 120-300 seconds. If the hyperechoic micro-
bubbles produced by heat do not completely cover the entire tumor, extended micro-
wave emission is required until the desired ablative range is reached. After MWA
treatment, needle burning is needed to prevent tracking of tumor cells [12, 15, 25].
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Survival Outcomes after RFA for ICC

In previous studies, the technical success rate (i.e., complete ablation without local
progression for at least 1 month) defined by the Interventional Radiology Reporting
Standard [26] has been reported to be between 80% and 100% in ICC. However,
local tumor progression rate after RFA was relatively high, which was reported to
range from 8% to 50% [27-33], and the pooled rate in a meta-analysis was reported
to be 21% (95% confidence interval [CI], 13-30%) [34]. The incidence of major
complications observed after RFA was reported to be between 3.9% and 27% [14,
19, 29-32, 35].

In a meta-analysis on RFA for ICC, the pooled 1-, 3-, and 5-year survival rates
were 82% (95% CI, 72-90%), 47% (28—65%) and 24% (11-40%), respectively.
These results were comparable to the outcomes recently estimated using the
SEER database [26, 34]. Amini et al. reported that in a review of 1232 patients
who were selected from the SEER database, only 64 (5.2%) patients underwent
ablative therapy alone. Interestingly, they noted that the median survival of
patients who were treated with ablation therapy was 20 months, which was worse
than the outcomes of patients who were treated with resection but better than the
outcomes following radiation therapy alone [26]. A review from Shindoh et al.
reported that although the outcomes mentioned above were likely to be influenced
by the differences in the baseline characteristics of the patients in each group,
RFA might confer a modest survival advantage compared with other nonsurgical
treatment options [36].

More recently, an original article reported by Takahashi et al. demonstrated
that the median overall survival after ICC ablation was 23.6 months (range:
7.4—122.5 months), and the estimated 1-, 3-, and 5-year survival rates were 95%
(95% CI: 86-100%), 40% (21-76%) and 32% (15-70%), respectively. The
median disease-free survival was 8.2 months (range: 1.1-70.4 months) [12].
Another study reported that an increased tumor stage was associated with worse
outcomes following RFA. The use of RFA was associated with a significantly
prolonged survival compared with no local therapy in patients with stage I dis-
ease (2.1 vs. 0.7 years, P = 0.012), whereas patients with stage IV disease dem-
onstrated no survival benefit from RFA [11]. Of note, all patients who were
diagnosed as having ICC from 2004 to 2015 in the National Cancer Database
(NCDB) were analyzed in this article, and the tumor staging was according to the
seventh edition of the American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) staging system of ICC [37]. Figure 9.1
shows the features of an ICC tumor before and after ablation on contrast-
enhanced magnetic resonance imaging (MRI).
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Fig. 9.1 A 59-year-old female patient who underwent left lateral lobectomy of the liver for a his-
topathologically proven ICC. Two years after the operation, a 1.6 cm recurrent lesion in the right
lobe was identified by MRI (a). The nonenhancing area completely enveloped the ablated tumor at
2months after the ablation (b)

RFA Versus MWA in the Treatment of ICC

Compared with RFA, MWA may have several distinct advantages including less
dependence on tissue conductivity, shorter ablation time, higher intratumoral tem-
perature, and larger ablation area and homogeneity [35, 38, 39]. Up to now, only
two original studies reported by Zhang et al. [15] and Yu et al. [25] have described
the relatively detailed procedures and outcomes of MWA in ICC. There has been no
report to compare the outcomes following RFA versus MWA within any indepen-
dent study. The comparison of outcomes of these two procedures from 5 studies
using either RFA or MWA for ICC is listed in Table 9.1.

Among these studies, a meta-analysis by Han et al. included 7 observational
studies that comprised 84 ICC patients [27-33] through a comprehensive literature
search on Ovid MEDLINE and EMBASE to identify the studies that reported data
of overall survival, local tumor progression, and complications after RFA. The
pooled 1-, 3-, and 5-year overall survival rates were 82% (95% CI: 72-90%), 47%
(28-65%) and 24% (11-40%), respectively, as above-mentioned [34]. In an article
by Zhang et al., a total of 107 patients with 171 ICC tumors (<5 cm in size, tumor
number<3) underwent MWA. The median follow-up after MWA was 20.1 months
(2.8-63.5 months). The median progression-free survival (PFS) after MWA was
8.9 months; and the PFS rates at 6, 12, 18, and 24 months after the treatment were
67.4%, 41.5%, 18.2%, and 8.7%, respectively. The median overall survival was
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Table 9.1 Reported outcomes following RFA and MWA in ICC patients

Tumor OS (%)
Authors size
(country) Treatment | Study design |N | (cm) Indication 1-year | 3-year | 5-year
Carrafiello, RFA Retrospective 6 | 1.0-5.8 | Unresectable | NA - -
2010 (Ttaly) Icc
[28]
Giorgio, RFA Retrospective | 10 | 2.4-5.5 | Unresectable | 100 |83 83
2011(Italy) Icc
[40]
Han, RFA Meta-analysis | 84 | 0.7-10 | Unresectable/ | 82 47 24
2015(South recurrent ICC
Korea) [34]
Yu, MWA Retrospective | 15 |1.3-9.9 | Unresectable | 60 - -
2011(China) Icc
[25]
Zhang, 2018 | MWA Retrospective | 107 | <5 Unresectable/ | 93.5 [39.6 |79
(China) [15] recurrent ICC

RFA radiofrequency ablation, MWA microwave ablation; N number, OS overall survival, NA not
available

28.0 months; and the overall survival rates at 1, 3, and 5 years after the treatment
were 93.5%, 39.6%, and 7.9%, respectively [15]. In these two articles, the reported
1-year overall survival rate following RFA was lower than that after MWA, while
RFA had a higher 3- and 5-year overall survival rates than MWA.

Complications Following Percutaneous Ablation

There are fewer reports on complications associated with percutaneous thermal abla-
tion for ICC compared to HCC. In general, complications are classified as minor and
major according to the clinical practice guidelines proposed by the Society of
Interventional Radiology (SIR) [27]. Complications that require additional therapy,
cause prolonged hospital stay, lead to permanent adverse sequelae, or result in death
are evaluated as major complications. Others are considered as minor complications.

The following data are obtained by pooling 14 original studies about ICC [3, 12,
14, 15, 19, 27-33, 35, 40]. In 380 patients who were treated with percutaneous ther-
mal ablation, major complications were registered in 5% (19/380) of patients. The
mortality rate was 0.26% (1/380). Major complications included abdominal bleed-
ing (1/380, 0.26%), needle-track cancer seeding (1/380, 0.26%), large biloma
(2/380, 0.52%), biliary stricture (1/380, 0.26%), biliary fistula (1/380, 0.26%), pleu-
ral effusion with symptoms of dyspnea (3/380, 0.79%), hepatic failure (1/380,
0.26%), and liver abscess (9/380, 2.37%). One patient died of hepatic sepsis at
3.3 months after ablation despite percutaneous drainage and antibiotic therapy [29].

The minor complications included asymptomatic pleural effusion, mild bile duct
dilation with or without jaundice, gallbladder wall thickening, a small amount of
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pleural effusion around the ablated area, small hematomas, minimal to moderate
pain and fever, and increase in aminotransaminases. All minor complications
resolved with conservative treatment. However, since the reported overall incidence
of complications following ablation is low, percutaneous thermal ablation is gener-
ally considered safe for patients with ICC.

Ablation Versus Surgical Resection for ICC

Surgical resection is considered the first-line treatment for patients with localized
ICC. The goals of surgery include achieving a margin-negative hepatic resection
and performing a porta hepatis lymphadenectomy. However, the majority of patients
present with advanced disease at diagnosis, and only about 30% of patients may be
eligible for liver resection [41]. Surgical resection has been reported to provide a
5-year overall survival of 22-60% depending on specific clinicopathologic criteria
[3, 4]. However, tumor recurrence rates after resection are high, ranging between
44% and 70% at 5 years after surgery [42, 43].

In most previous studies, the outcomes following ablative therapies were mainly
investigated among patients who had unresectable ICC or recurrent ICC after initial
surgery [3, 12, 14, 15, 19, 23, 27-35, 40, 44]. Prognostic factors associated with abla-
tion treatment included tumor size, nodal invasion, and tumor differentiation. Given
the different indications for treatment among patients receiving surgery or ablation,
it is difficult to directly compare their long-term outcomes. There is only one original
article, which has compared the outcomes of repeat hepatic resection versus thermal
ablation for recurrent ICC [14]. Median survival time after repeated hepatic resection
and thermal ablation therapy was 20.3 and 21.3 months, respectively. The 1-, 2-, and
3-year overall survival rates were 83.8%, 38.0% and 17.1% after repeated hepatic
resection, and 69.8%, 37.3% and 20.5% after thermal ablation therapy (Table 9.2).
Overall survival rates did not differ significantly between the two groups (p = 0.996),
especially in patients with tumors less than 3 cm in size [14], suggesting that although

Table 9.2 Reported outcomes following RFA and surgical resection in ICC patients

Tumor size | 3-year OS | 5-year OS

Authors (country) Treatment N (cm) (%) (%)
Zhang, 2013(China) [14] RFA + MWA 77 <5 25 NA

Repeated HR 32 <5 17 NA
Wang, 2013 (China) [51] HR 367 |55 41 35
Saiura, 2011 (Japan) [52] HR 44 |57 56 43
Saxena, 2010 (Australia) [53] |HR 40 6.5 48 28
Zhang, 2018(China) [15] MWA 107 | <5 39.6 7.9
Kim, 2011(South Korea) [29] | RFA 13 10.8-8.0 51 15
Xu, 2012(China) [19] RFA + MWA 18 | 1.4-6.9 30 30

HR hepatic resection, RFA radiofrequency ablation, MWA microwave ablation, N number, OS
overall survival NA not available
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ablation might be effective in selected patients with recurrent ICC, its indication
should be limited according to tumor size [40].

Tumor size is an important factor associated with the therapeutic outcomes of
ablation. The length of hospital stay, treatment cost, and risk of complications tend
to be less with ablation than with hepatic resection. The incidence of major
complications is also higher for hepatectomy compared to thermal ablation (46.9%
vs. 3.9%) [14]. Post-ablation mortality is rare, whereas the perioperative mortality
rates following resection of ICC range from 1.2% to over 7% [4, 45, 46]. Other
studies have suggested that the overall survival rate after ablation for ICC is signifi-
cantly higher compared to conservative treatments and comparable to that after
radical resection in well-selected patients [47-50]. These results suggest that abla-
tion may represent a less invasive alternative to surgical resection and is safe and
effective for patients with recurrent ICC. While additional research is needed, abla-
tion therapy may be considered a first-line treatment for selected patients with
small recurrent ICC.

An important limitation of ablative techniques is the omission of regional, lymph
node dissection. While not routinely performed for HCC, lymphadenectomy is an
important component of accurate staging and locoregional control for patients with
ICC. While less important for patients with recurrent ICC, the inability to perform
lymph node evaluation limits the current application of percutaneous ablation to
patients with otherwise resectable de novo ICC.

Combined Therapy

Because of the advanced stage at which most patients with ICC present, only a
small proportion are suitable for radical surgical resection or complete therapeutic
ablation. Combined multimodality therapy is an alternative approach to overcome
some of these limitations. Unlike HCC, ICC has poor vascularity with a fibrotic
characteristic, which leads to a limited survival benefit following transarterial che-
moembolization (TACE) [54]. On the other hand, percutaneous thermal ablation in
combination with TACE may provide improved outcomes. TACE can effectively
decrease heat dispersion during thermal ablation by occluding bloodstream and
consequently promote tumor ruin [55]. Meanwhile, thermal ablation may decrease
the required chemotherapy dose of TACE and accordingly lessen side reaction and
may also expand the ablation area and prolong progression-free survival. A study on
microwave ablation combined with TACE for ICC demonstrated improved results
compared to either TACE or ablation alone [56, 57].

Satellite lesions are often present in patients with ICC, which may preclude the
ability to perform radical resection. Local thermal ablation combined with surgical
resection is an option for patients with initially unresectable ICC. Although there is no
sufficient data about ICC specifically, several studies in HCC have reported encourag-
ing results. In a study by Choi et al., 53 patients with multifocal HCC received com-
bined intraoperative RFA with hepatic resection. The cumulative survival rates at 1, 2,
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3, 4, and 5 years were 87%, 83%, 80%, 68%, and 55%, respectively. Patients with
smaller resected tumors (<5 cm) demonstrated better survival results compared with
those with larger tumor (P = 0.004). No procedure-related deaths occurred. They
reported hepatectomy-related complications in 4 patients (4/53, 8%) and RFA-related
complication only in 1 patient (1/53, 2%) [58]. However, current data on multimodal-
ity treatment in ICC, particularly percutaneous thermal ablation combined with surgi-
cal resection or other locoregional treatments are still lacking.

In clinical practice, patients with recurrent, metastatic, or unresectable ICC are
often treated with systemic chemotherapy first. This approach prioritizes early sys-
temic therapy for biologically aggressive cancer, ensures the absence of rapidly pro-
gressive disease, and potentially downsizes liver disease enabling the use of
locoregional treatments. Percutaneous ablation, like other locoregional therapies, is
most often considered in these patients who have demonstrated favorable tumor biol-
ogy in order to optimize locoregional control and facilitate chemotherapy-free time.

Summary

Although percutaneous thermal ablation for ICC has been shown to have several
distinct advantages, such as minimally invasiveness, easy to perform, repeatability,
and cost-effectiveness [19], data for its efficacy remain limited [11]. Indeed, while
the indications for ablation in HCC are well established (solitary lesion <5 cm, or
no more than 3 lesions and each <3 cm), there remain no formal guidelines for the
indications for percutaneous thermal ablation of ICC.

Based on the outcomes of retrospective data, percutaneous ablation appears safe
and associated with acceptable locoregional control and survival outcomes for
patients with recurrent or unresectable ICC. While ablation may be appropriate for
some select patients with early stage disease, the inability to perform regional lymph
node dissection prevents the wider adoption of ablation for patients with otherwise
resectable disease. Although more high-quality data are needed, including prospec-
tive multicenter trials, percutaneous ablation is an important component of the mul-
timodality treatment of patients with ICC, particularly at high-volume centers
equipped with experienced multidisciplinary teams.
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