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Abstract: Although chemotherapy constitutes of the first-line standard therapy for unresectable extra-
hepatic cholangiocarcinoma, the treatment outcomes are unsatisfactory. In recent years, local ablative
therapy, which is delivered to the cholangiocarcinoma lesion via the percutaneous or endoscopic
approach, has garnered attention for the treatment of unresectable, extrahepatic cholangiocarcinoma.
Local ablative therapy, such as photodynamic therapy and radiofrequency ablation, can achieve local
tumor control. A synergistic effect may also be expected when local ablative therapy is combined
with chemotherapy. However, it is a long way from being entrenched as an established therapeutic
technique, and several unresolved problems persist, including the paucity of evidence comparing
photodynamic therapy and radiofrequency ablation. Clinical application of photodynamic ther-
apy and radiofrequency ablation requires sound comprehension and assimilation of the available
evidence to truly benefit each individual patient. In this study, we reviewed the current status,
issues, and future prospects of photodynamic therapy and radiofrequency ablation for extrahepatic
cholangiocarcinoma, with a special focus on their combination with chemotherapy.
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1. Introduction

The prognosis of extrahepatic cholangiocarcinoma (eCCA), part of a heterogeneous
population of biliary tract cancers, remains poor [1,2]. Surgical resection is the only curative
treatment method; however, distant metastasis, local invasion, or extensive longitudinal
extension may be identified in several cases at the time of diagnosis, which are a contraindi-
cation for surgery. Moreover, even if indicated, surgery entails highly invasive procedures,
such as hepatectomy and pancreatoduodenectomy, which may not be feasible in older
adults and patients with significant underlying diseases. Chemotherapy is the first choice
of alternative treatment for unresectable cases. However, the median overall survival (OS)
in a phase III trial of gemcitabine plus cisplatin, which is the current standard regimen
for biliary tract cancer, was insufficient at 11.7 months [3]. Therefore, breakthroughs are
needed for the treatment of eCCA.

In this milieu, endobiliary local ablative therapy performed via the percutaneous or
endoscopic approach is a feasible alternative. Because of the direct approachability to the
tumor, research on local ablative therapy has progressed, with eCCA as the main target,
rather than other biliary tract cancers, such as gallbladder cancer and intrahepatic CCA.
Photodynamic therapy (PDT) [4,5] and radiofrequency ablation (RFA) [6,7] are represen-
tative local endobiliary treatment modalities. In addition to the local action of ablation,
studies have indicated its role in modulating the tumor signaling pathway and immune
microenvironment to eliminate the residual tumor and hinder tumor progression [8–11].
Ablation has also been shown to elicit tumor-specific immune responses by inducing tu-
mor cell death and releasing tumor antigens. These mechanisms of action may act in
synergy with systemic chemotherapy. However, although PDT and RFA have yielded
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promising results, various problems and hurdles persist, preventing their adoption as
standard treatments.

In this study, we summarized the evidence on the efficacy of PDT and RFA for treating
eCCA, focusing especially on their combination with chemotherapy, and outlined the
current status, challenges, and prospects of the two modalities.

2. PDT for eCCA

PDT achieves local tumor ablation through the accumulation of a photosensitizer in the
region of interest, which is activated by light energy of a specific wavelength and intensity,
delivered through an optical fiber that is inserted via an endoscopic or percutaneously to the
target area [12]. This generates radical oxygen species capable of inducing localized necrosis
of malignant tissues. Ortner et al. [4] conducted a randomized controlled trial to compare
the outcomes between 20 patients who underwent biliary stenting with subsequent PDT,
and 19 patients who underwent stenting alone. PDT resulted in the prolongation of survival
(493 vs. 98 days, p < 0.0001) and improved the biliary drainage outcome and quality of life.
However, it should be noted that no anti-tumor therapy, including chemotherapy, other
than PDT was administered in this study, and only stent placement was performed in the
control group. In addition to this study, numerous non-randomized controlled trials have
focused on PDT: recent meta-analyses and systematic reviews have shown that using PDT
in combination with stent placement significantly improves survival [13,14]. On the other
hand, problems such as the complexity of the procedure, high costs, and photosensitivity,
which is a characteristic adverse event, have been reported.

3. PDT with Chemotherapy for eCCA

Several studies investigated the role of the combination of PDT with chemotherapy for
eCCA [15–19] (Table 1). The combination of PDT and chemotherapy yielded a median OS
of 17–20 months, which seems longer than what was reported for gemcitabine plus cisplatin
alone (OS: 11.2–13.4 months) [3,20,21]. Park et al. [16] conducted a randomized controlled
trial to compare PDT plus oral fluoropyrimidine (S-1) and PDT alone, and reported that
PDT combined with S-1 significantly prolonged the OS (median 17 vs. 8 months, p = 0.005)
and progression-free survival (median 10 vs. 2 months, p = 0.009). Two retrospective
studies compared PDT with chemotherapy and chemotherapy alone. Knüppel et al. [15]
reported a higher OS, albeit without a significant difference, in patients who underwent
PDT plus chemotherapy with various regimens (median 16.3 vs. 14.5 months, p = 0.283),
while Gonzalez-Carmona et al. [19] reported a significantly longer OS after the application
of PDT in conjunction with various chemotherapeutic regimens (median 20 vs. 10 months,
p = 0.022). Therefore, we inferred that the additive effect of PDT on chemotherapy-treated
patients and that of chemotherapy on PDT-treated patients could be expected. However, as
most of the studies were retrospective, patient selection bias in each study was a concern;
thus, the results should be interpreted with caution. Furthermore, in these studies, factors
that can affect results, such as chemotherapy regimens, number of PDT sessions, and the
presence or absence of metastasis, were not standardized. Therefore, it is difficult to draw
any conclusions about the combination of PDT and chemotherapy. To obtain sufficient
evidence, further well-designed studies, especially derived from randomized controlled
trials, are warranted to verify the utility of combination of PDT and chemotherapy.
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Table 1. Comparative studies regarding photodynamic therapy with chemotherapy for extrahepatic cholangiocarcinoma.

Author Study
Design

Location of
Tumor Stent Treatment No. of

Patients Metastasis No. of PDT
Sessions Median Stent Patency Median Progression-Free

Survival Median Overall Survival

Knüppel
et al., 2012

[15]
Retrospective NA NA

Chemotherapy *
+

PDT
11 NA NA NA

NA
NA

NA
16.3 m

p = 0.283

Chemotherapy * 84 NA NA NA NA 14.5 m

Park et al.,
2014 [16]

Randomized
controlled

trial

Hilar PS

S-1
chemotherapy

+
PDT

21 NA 2.9
(mean) NA

NA
10 m

p = 0.009
17 m

p = 0.005

PDT 22 NA 2.2
(mean) NA 2 m 8 m

Hong et al.,
2014 [17]

Retrospective Hilar PS

Chemotherapy *
+

PDT
16 31.3%

1 (70.3%)
≥2 (29.7%)

NA
NA

NA
NA

17.9 m
p = 0.05

PDT 58 19.0% NA NA 11.1 m

Wentrup
et al.,

2016 [18]
Retrospective Hilar PS

Chemotherapy *
+

PDT
33 9.1%

1 (45.5%)
2 (42.4%)
3 (9.1%)
4 (3.0%)

NA

NA

NA

NA

520 d

p = 0.021

PDT 35 2.9%

1 (57.1%)
2 (25.7%)
3 (11.4%)
4 (5.7%)

NA NA 374 d

Gonzalez-
Carmona
et al., 2019

[19]

Retrospective Hilar, Distal PS, MS

Chemotherapy *
+

PDT
36 47.2% 1 (30.6%)

≥2 (69.4%) NA

NA

NA

NA

20 m

†

PDT 34 14.7% 1 (41.2%)
≥2 (58.8%) NA NA 15 m

Chemotherapy * 26 69.2% - NA NA 10 m

PDT, photodynamic therapy; NA, not applicable; m, month; PS, plastic stent; MS, metal stent. * Various regimens were used. † PDT chemotherapy vs. chemotherapy: p = 0.022, PDT
chemotherapy vs. PDT: p = 0.727, and PDT vs. chemotherapy: p = 0.054.
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4. Adverse Event of PDT for eCCA

Some adverse events, such as cholangitis, cholecystitis, pancreatitis, liver abscess,
peritonitis, sepsis, and phototoxicity, were reported after PDT. The most common adverse
event was cholangitis, which is considered less severe and treatable. These adverse events,
except phototoxicity, are not intrinsic to PDT, as phototoxicity is a characteristic adverse
event associated with PDT. Management of phototoxicity requires special attention, with
a recent review reporting an incidence rate of 5.6% [22]. Phototoxicity is one of the major
limitations of PDT and may preclude the procedure, considering its indications.

5. RFA for eCCA

RFA has been used for the treatment of malignant tumors for a long time. Percutaneous
RFA using an electrode needle has been established as a standard treatment modality for
some diseases, such as hepatocellular carcinoma [23,24]. The mechanism of action of RFA
involves the delivery of thermal energy to the tissue, leading to coagulative necrosis and
cell death [25–27]. Since the latter half of the 2000s, catheter-type RFA devices consisting
of a bipolar catheter with electrodes at the tip were developed and used to treat bile
duct lesions [28–30]. Two randomized controlled trials were performed to compare RFA
plus stent placement versus stent placement alone for eCCA. Yang et al. [31] reported
that the mean OS duration was significantly longer in the RFA plus stent group (13.2 vs.
8.3 months, p < 0.001), and Gao et al. [32] reported that the median OS was significantly
higher in the RFA with stent group (14.3 vs. 9.2 months, p < 0.001). However, these
results should be interpreted with caution, since the populations of both studies included a
mix of locally advanced and distant metastatic diseases, as evidenced by the results of a
large-scale retrospective study [33], which showed that the survival extension effect was
observed only in eCCA without distant metastasis. Furthermore, Yang et al. excluded
patients who received chemotherapy, and Gao et al. included very few patients who
received chemotherapy.

6. RFA with Chemotherapy for eCCA

Three studies were performed to investigate the combination of chemotherapy and
RFA for eCCA [32–34] (Table 2). Yang et al. [34] conducted a randomized controlled
trial comparing RFA with S-1 and RFA alone for locally advanced eCCA, and reported a
significantly higher median OS in the combination group (16.0 vs. 11.0 months, p < 0.001).
Gonzalez-Carmona et al. [35] conducted a retrospective comparative study for the presence
or absence of RFA in patients who underwent gemcitabine-based chemotherapy, and
found that the median OS was significantly higher in the RFA–chemotherapy combination
group (17.3 vs. 8.6 months, p = 0.004). However, a significant difference in the median
OS was retained in a subgroup analysis conducted for locally advanced disease (20.9 vs.
12.4 months, p = 0.043), while no significant difference was observed for distant metastasis
(15.0 vs. 8.6 months, p = 0.116). Inoue et al. [36] conducted a retrospective study to
examine the effect of RFA in patients treated with the standard regimen of gemcitabine
plus cisplatin chemotherapy, and found that the median OS was significantly higher in
the RFA–chemotherapy combination group than in the chemotherapy-alone group (17.1
vs. 11.3 months, p = 0.017). However, akin to the results of Gonzalez-Carmona et al., a
subgroup analysis showed a significant difference in the median OS in patients without
distant metastasis (23.1 vs. 16.6 months, p = 0.032), whereas no significant difference was
observed in patients with distant metastasis (11.4 vs. 8.5 months, p = 0.180).

Therefore, we inferred that an additive effect of chemotherapy in patients treated
with RFA and the additional effect of RFA in patients treated with chemotherapy could
be expected, which appears to be promising, similar to PDT. However, the efficacy of
RFA may be limited to locally advanced diseases. In any case, robust evidence is lacking,
necessitating detailed investigations into the mechanism of action and accrual of basic
research evidence, especially on the systemic effect, including the induction of anti-tumor
immunity by endobiliary RFA.
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Table 2. Comparative studies regarding endobiliary radiofrequency ablation with chemotherapy for extrahepatic cholangiocarcinoma.

Author Study
Design

Location of
Tumor Stent Treatment No. of

Patients Metastasis No. of RFA
Sessions Median Stent Patency

Median
Progression-Free

Survival

Median Overall
Survival

Yang et al.,
2020 [34]

Randomized
controlled

trial
Distal, hilar PS

S-1 chemotherapy
+

RFA
37 0% 3.3

(mean) 6.6 m
p = 0.014

12 m
p < 0.001

16.0 m
p < 0.001

RFA 38 0% 2.4
(mean) 5.6 m 7 m 11.0 m

Gonzalez-
Carmona
et al., 2022

[35]

Retrospective Distal, hilar PS

GEM-based
chemotherapy

+
RFA

40 37.5% 1–21 NA
NA

12.9 m
p = 0.045

17.3 m
p = 0.004

GEM-based
chemotherapy 26 50.0% - NA 5.7 m 8.6 m

Inoue et al.,
2022 [36]

Retrospective Distal, hilar MS

GEM with cisplatin
+

RFA
25 48% 1.84

(mean) 10.7 m
p = 0.048

8.6 m
p = 0.014

17.1 m
p = 0.017

GEM with cisplatin 25 60% - 5.2 m 5.8 m 11.3 m

RFA, radiofrequency ablation; PS, plastic stent; m, month; GEM, gemcitabine; NA, not applicable; MS, metal stent.
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7. Adverse Event of RFA for eCCA

Some adverse events, such as cholangitis, cholecystitis, pancreatitis, liver abscess,
hemobilia, and sepsis, were reported during and after RFA [6]. RFA is generally regarded
as a safe procedure with few serious adverse events, the most common being pancreato-
biliary illnesses. In previous comparative studies, no significant difference was observed
in adverse event rates between patients treated with or without RFA [6]. However, there
have been rare case reports of severe events, including fatal bleeding [37], partial liver
infarction [38], biliary tract perforation [39], and hyperkalemia [40]. Additionally, one
randomized controlled trial by Gao et al. [32] reported that despite the lack of significant
difference in the overall adverse event rate, cholecystitis occurred significantly more fre-
quently in patients treated with RFA than in those not treated with RFA (10.3% vs. 0%,
p = 0.003). They speculated that ablation near the cystic duct bifurcation could cause edema
or damage to the cystic duct opening, leading to cholecystitis.

8. Comparison between PDT and RFA for eCCA

Two retrospective studies have compared the efficacy of PDT and RFA for eCCA [35,36]
(Table 3). Strand et al. [41] conducted a retrospective study comparing 32 patients who
underwent PDT and 16 who underwent RFA, which found no significant difference in the
median survival (7.5 vs. 9.6 months, p = 0.799). Schmidt et al. [42] conducted a retrospective
study that compared 20 patients who underwent PDT and 14 patients who underwent RFA
and found that the number of premature stent replacements (<3 months) was significantly
higher after the first intervention in the PDT group (65% vs. 29%, p < 0.01). Moreover, they
stated that post-interventional adverse events tended to occur more frequently in patients
with PDT than those with RFA (40% vs. 21%, p = 0.277), and phototoxic reactions were
observed only in the PDT group.

Currently, it is difficult to judge the superiority or inferiority of RFA and PDT, owing to
the scarcity of studies comparing the two modalities and the lack of randomized controlled
trials. Additionally, it should be noted that most studies on PDT involved only hilar
eCCA. At the same time, RFA tends to include both hilar and distal eCCA; therefore,
there is a difference in the tumor populations, which might make interpretation and
comparisons difficult. However, the cost difference, premature stent replacement, and
presence of phototoxicity would make RFA more favorable than PDT. Additionally, from a
technical perspective, RFA is assumed to be simpler than PDT. In any case, well-designed
comparative studies, focusing on therapeutic effects, outcomes, adverse events, and costs
are needed in the future.
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Table 3. Studies comparing photodynamic therapy and radiofrequency ablation for extrahepatic cholangiocarcinoma.

Author Study
Design

Location of
Tumor Stent Treatment No. of

Patients Metastasis
No. of PDT

or RFA
Sessions

Median Stent Patency Median Progression-Free
Survival Median Overall Survival

Strand et al.,
2014 [41]

Retrospective Distal, hilar PS, MS
PDT 32 18.7% 2.09

(mean) NA
NA

NA
NA

7.5 m
p = 0.799

RFA 16 37.5% 1.19
(mean) NA NA 9.6 m

Schmidt
et al., 2016

[42]
Retrospective Distal, hilar PS

PDT 20 100%

2 (40%)
3 (25%)
4 (10%)
5 (5%)

NA *

NA *

NA

NA

NA

NA

RFA 14 93%

2 (50%)
3 (36%)
4 (14%)
5 (7%)

NA * NA NA

PDT, photodynamic therapy; RFA, radiofrequency ablation; PS, plastic stent; MS, metal stent, NA, not applicable; m, months. * The number of premature stent replacements (<3 months)
was significantly higher in the PDT group.
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9. Future Prospects

Recently, a phase III randomized controlled trial about advanced biliary tract cancer
showed that compared with placebo and gemcitabine plus cisplatin, durvalumab combined
with gemcitabine plus cisplatin significantly improved OS and showed improvements
in prespecified progression-free survival and objective response rate, with safety profiles
of the two treatments being similar [43]. Therefore, immunotherapy (combined with
chemotherapy) replaces the first-line standard treatment, which is anticipated to become
more widespread in clinical practice, even for eCCA [44]. Immunotherapies that trigger the
immune system have the potential to enhance the anti-tumor immunity induced by local
ablative therapy. Therefore, research facilitating advancement in the application of PDT or
RFA in conjunction with immunotherapy is also predicted. Moreover, precision medicine
with targeted therapy, such as targeting isocitrate dehydrogenase-1 mutations and the
fibroblast growth factor receptor-2 fusions, is now being used for biliary tract cancer [45],
although this is mainly applicable to intrahepatic CCA and not as commonly for eCCA.
Therefore, research on the combined use of these targeted therapies, and PDT or RFA, is
also expected to be conducted in the future.

10. Conclusions

This review outlined the current status of PDT and RFA for eCCA, focusing on their
combination with chemotherapy. Both methods have the potential to be useful as local
therapies, but several aspects remain that require resolution. Moreover, an improvement
in devices is essential to enhance the effect of local therapies and make the procedure
more straightforward, in order to make the treatments more widespread [46,47]. Further
well-designed studies, that include comparisons of the two modalities and accumulate
evidence on their outcomes, are warranted.

Author Contributions: T.I.: conception and design, data acquisition, analysis and interpretation, and
drafting and revision of the manuscript. M.Y.: data interpretation, and revision of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: Tadahisa Inoue received honoraria from the Boston Scientific Japan and Japan
Lifeline Co., Ltd. Masashi Yoneda discloses no financial relationships relevant to this publication.

References
1. Valle, J.W.; Borbath, I.; Khan, S.A.; Huguet, F.; Gruenberger, T.; Arnold, D.; ESMO Guidelines Committee. Biliary cancer: ESMO

Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2016, 27, v28–v37. [CrossRef] [PubMed]
2. Khan, S.A.; Davidson, B.R.; Goldin, R.D.; Heaton, N.; Karani, J.; Pereira, S.P.; Rosenberg, W.M.; Tait, P.; Taylor-Robinson, S.D.;

Thillainayagam, A.V.; et al. Guidelines for the diagnosis and treatment of cholangiocarcinoma: An update. Gut 2012, 61,
1657–1669. [CrossRef] [PubMed]

3. Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.; Pereira,
S.P.; et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N. Engl. J. Med. 2010, 362, 1273–1281.

4. Ortner, M.E.; Caca, K.; Berr, F.; Liebetruth, J.; Mansmann, U.; Huster, D.; Voderholzer, W.; Schachschal, G.; Mössner, J.; Lochs, H.
Successful photodynamic therapy for nonresectable cholangiocarcinoma: A randomized prospective study. Gastroenterology 2003,
125, 1355–1363. [CrossRef]

5. Zoepf, T.; Jakobs, R.; Arnold, J.C.; Apel, D.; Riemann, J.F. Palliation of nonresectable bile duct cancer: Improved survival after
photodynamic therapy. Am. J. Gastroenterol. 2005, 100, 2426–2430.

6. Inoue, T.; Yoneda, M. Updated evidence on the clinical impact of endoscopic radiofrequency ablation in the treatment of malignant
biliary obstruction. Dig. Endosc. 2022, 34, 345–358.

7. Sofi, A.A.; Khan, M.A.; Das, A.; Sachdev, M.; Khuder, S.; Nawras, A.; Lee, W. Radiofrequency ablation combined with biliary
stent placement versus stent placement alone for malignant biliary strictures: A systematic review and meta-analysis. Gastrointest.
Endosc. 2018, 87, 944–951.e1. [CrossRef]

8. Chen, S.; Zeng, X.; Su, T.; Xiao, H.; Lin, M.; Peng, Z.; Peng, S.; Kuang, M. Combinatory local ablation and immunotherapies for
hepatocellular carcinoma: Rationale, efficacy, and perspective. Front. Immunol. 2022, 13, 1033000. [CrossRef]

9. Haen, S.P.; Pereira, P.L.; Salih, H.R.; Rammensee, H.G.; Gouttefangeas, C. More than just tumor destruction: Immunomodulation
by thermal ablation of cancer. Clin. Dev. Immunol. 2011, 2011, 160250. [CrossRef]

http://doi.org/10.1093/annonc/mdw324
http://www.ncbi.nlm.nih.gov/pubmed/27664259
http://doi.org/10.1136/gutjnl-2011-301748
http://www.ncbi.nlm.nih.gov/pubmed/22895392
http://doi.org/10.1016/j.gastro.2003.07.015
http://doi.org/10.1016/j.gie.2017.10.029
http://doi.org/10.3389/fimmu.2022.1033000
http://doi.org/10.1155/2011/160250


Curr. Oncol. 2023, 30 2167

10. Giardino, A.; Innamorati, G.; Ugel, S.; Perbellini, O.; Girelli, R.; Frigerio, I.; Regi, P.; Scopelliti, F.; Butturini, G.; Paiella, S.; et al.
Immunomodulation after radiofrequency ablation of locally advanced pancreatic cancer by monitoring the immune response in
10 patients. Pancreatology 2017, 17, 962–966. [CrossRef]

11. Llovet, J.M.; De Baere, T.; Kulik, L.; Haber, P.K.; Greten, T.F.; Meyer, T.; Lencioni, R. Locoregional therapies in the era of molecular
and immune treatments for hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 293–313. [CrossRef] [PubMed]

12. Allison, R.R.; Zervos, E.; Sibata, C.H. Cholangiocarcinoma: An emerging indication for photodynamic therapy. Photodiagnosis
Photodyn. Ther. 2009, 6, 84–92.

13. Moole, H.; Tathireddy, H.; Dharmapuri, S.; Moole, V.; Boddireddy, R.; Yedama, P.; Dharmapuri, S.; Uppu, A.; Bondalapati, N.;
Duvvuri, A. Success of photodynamic therapy in palliating patients with nonresectable cholangiocarcinoma: A systematic review
and meta-analysis. World J. Gastroenterol. 2017, 23, 1278–1288. [PubMed]

14. Lu, Y.; Liu, L.; Wu, J.C.; Bie, L.K.; Gong, B. Efficacy and safety of photodynamic therapy for unresectable cholangiocarcinoma: A
meta-analysis. Clin. Res. Hepatol. Gastroenterol. 2015, 39, 718–724. [CrossRef]

15. Knüppel, M.; Kubicka, S.; Vogel, A.; Malek, N.P.; Schneider, M.; Papendorf, F.; Greten, T.; Wedemeyer, J.; Schneider, A.
Combination of conservative and interventional therapy strategies for intra- and extrahepatic cholangiocellular carcinoma: A
retrospective survival analysis. Gastroenterol. Res. Pract. 2012, 2012, 190708. [CrossRef] [PubMed]

16. Park, D.H.; Lee, S.S.; Park, S.E.; Lee, J.L.; Choi, J.H.; Choi, H.J.; Jang, J.W.; Kim, H.J.; Eum, J.B.; Seo, D.W.; et al. Randomised
phase II trial of photodynamic therapy plus oral fluoropyrimidine, S-1, versus photodynamic therapy alone for unresectable hilar
cholangiocarcinoma. Eur. J. Cancer 2014, 50, 1259–1268. [PubMed]

17. Hong, M.J.; Cheon, Y.K.; Lee, E.J.; Lee, T.Y.; Shim, C.S. Long-term outcome of photodynamic therapy with systemic chemotherapy
compared to photodynamic therapy alone in patients with advanced hilar cholangiocarcinoma. Gut Liver 2014, 8, 318–323.
[PubMed]

18. Wentrup, R.; Winkelmann, N.; Mitroshkin, A.; Prager, M.; Voderholzer, W.; Schachschal, G.; Jürgensen, C.; Büning, C. Photody-
namic Therapy Plus Chemotherapy Compared with Photodynamic Therapy Alone in Hilar Nonresectable Cholangiocarcinoma.
Gut Liver 2016, 10, 470–475.

19. Gonzalez-Carmona, M.A.; Bolch, M.; Jansen, C.; Vogt, A.; Sampels, M.; Mohr, R.U.; van Beekum, K.; Mahn, R.; Praktiknjo, M.;
Nattermann, J.; et al. Combined photodynamic therapy with systemic chemotherapy for unresectable cholangiocarcinoma.
Aliment. Pharmacol. Ther. 2019, 49, 437–447.

20. Okusaka, T.; Nakachi, K.; Fukutomi, A.; Mizuno, N.; Ohkawa, S.; Funakoshi, A.; Nagino, M.; Kondo, S.; Nagaoka, S.; Funai, J.;
et al. Gemcitabine alone or in combination with cisplatin in patients with biliary tract cancer: A comparative multicentre study in
Japan. Br. J. Cancer 2010, 103, 469–474.

21. Morizane, C.; Okusaka, T.; Mizusawa, J.; Katayama, H.; Ueno, M.; Ikeda, M.; Ozaka, M.; Okano, N.; Sugimori, K.; Fukutomi,
A.; et al. Combination gemcitabine plus S-1 versus gemcitabine plus cisplatin for advanced/recurrent biliary tract cancer: The
FUGA-BT (JCOG1113) randomized phase III clinical trial. Ann. Oncol. 2019, 30, 1950–1958. [CrossRef]

22. Mohammad, T.; Kahaleh, M. Comparing palliative treatment options for cholangiocarcinoma: Photodynamic therapy vs.
radiofrequency ablation. Clin. Endosc. 2022, 55, 347–354. [CrossRef] [PubMed]

23. Nault, J.C.; Sutter, O.; Nahon, P.; Ganne-Carrié, N.; Séror, O. Percutaneous treatment of hepatocellular carcinoma: State of the art
and innovations. J. Hepatol. 2018, 68, 783–797. [PubMed]

24. Filippiadis, D.; Mauri, G.; Marra, P.; Charalampopoulos, G.; Gennaro, N.; De Cobelli, F. Percutaneous ablation techniques for
renal cell carcinoma: Current status and future trends. Int. J. Hyperth. 2019, 36, 21–30. [CrossRef]

25. Inoue, T.; Ito, K.; Yoneda, M. Novel balloon catheter-based endobiliary radiofrequency ablation system: Ex-vivo experimental
study. Dig. Endosc. 2020, 32, 974–978. [PubMed]

26. Atar, M.; Kadayifci, A.; Daglilar, E.; Hagen, C.; Fernandez-Del Castillo, C.; Brugge, W.R. Ex vivo human bile duct radiofrequency
ablation with a bipolar catheter. Surg. Endosc. 2018, 32, 2808–2813.

27. Kim, E.J.; Chung, D.H.; Kim, Y.J.; Kim, Y.S.; Park, Y.H.; Kim, K.K.; Cho, J.H. Endobiliary radiofrequency ablation for distal
extrahepatic cholangiocarcinoma: A clinicopathological study. PLoS ONE 2018, 13, e0206694.

28. Khorsandi, S.; Zacharoulis, D.; Vavra, P.; Navarra, G.; Kysela, P.; Habib, N. The modern use of radiofrequency energy in surgery,
endoscopy and interventional radiology. Eur. Surg. 2008, 40, 204–210. [CrossRef]

29. Steel, A.W.; Postgate, A.J.; Khorsandi, S.; Nicholls, J.; Jiao, L.; Vlavianos, P.; Habib, N.; Westaby, D. Endoscopically applied
radiofrequency ablation appears to be safe in the treatment of malignant biliary obstruction. Gastrointest. Endosc. 2011, 73,
149–153. [CrossRef]

30. Cui, W.; Wang, Y.; Fan, W.; Lu, M.; Zhang, Y.; Yao, W.; Li, J. Comparison of intraluminal radiofrequency ablation and stents vs.
stents alone in the management of malignant biliary obstruction. Int. J. Hyperth. 2017, 33, 853–861.

31. Yang, J.; Wang, J.; Zhou, H.; Zhou, Y.; Wang, Y.; Jin, H.; Lou, Q.; Zhang, X. Efficacy and safety of endoscopic radiofrequency
ablation for unresectable extrahepatic cholangiocarcinoma: A randomized trial. Endoscopy 2018, 50, 751–760.

32. Gao, D.J.; Yang, J.F.; Ma, S.R.; Wu, J.; Wang, T.T.; Jin, H.B.; Xia, M.X.; Zhang, Y.C.; Shen, H.Z.; Ye, X.; et al. Endoscopic
radiofrequency ablation plus plastic stent placement versus stent placement alone for unresectable extrahepatic biliary cancer: A
multicenter randomized controlled trial. Gastrointest. Endosc. 2021, 94, 91–100.e2. [CrossRef] [PubMed]

http://doi.org/10.1016/j.pan.2017.09.008
http://doi.org/10.1038/s41575-020-00395-0
http://www.ncbi.nlm.nih.gov/pubmed/33510460
http://www.ncbi.nlm.nih.gov/pubmed/28275308
http://doi.org/10.1016/j.clinre.2014.10.015
http://doi.org/10.1155/2012/190708
http://www.ncbi.nlm.nih.gov/pubmed/21776251
http://www.ncbi.nlm.nih.gov/pubmed/24485665
http://www.ncbi.nlm.nih.gov/pubmed/24827630
http://doi.org/10.1093/annonc/mdz402
http://doi.org/10.5946/ce.2021.274
http://www.ncbi.nlm.nih.gov/pubmed/35578751
http://www.ncbi.nlm.nih.gov/pubmed/29031662
http://doi.org/10.1080/02656736.2019.1647352
http://www.ncbi.nlm.nih.gov/pubmed/31916300
http://doi.org/10.1007/s10353-008-0427-8
http://doi.org/10.1016/j.gie.2010.09.031
http://doi.org/10.1016/j.gie.2020.12.016
http://www.ncbi.nlm.nih.gov/pubmed/33359435


Curr. Oncol. 2023, 30 2168

33. Xia, M.X.; Wang, S.P.; Yuan, J.G.; Gao, D.J.; Ye, X.; Wang, T.T.; Wu, J.; Zhou, D.X.; Hu, B. Effect of endoscopic radiofrequency
ablation on the survival of patients with inoperable malignant biliary strictures: A large cohort study. J. Hepatobiliary Pancreat. Sci.
2022, 29, 693–702.

34. Yang, J.; Wang, J.; Zhou, H.; Wang, Y.; Huang, H.; Jin, H.; Lou, Q.; Shah, R.J.; Zhang, X. Endoscopic radiofrequency ablation plus
a novel oral 5-fluorouracil compound versus radiofrequency ablation alone for unresectable extrahepatic cholangiocarcinoma.
Gastrointest. Endosc. 2020, 92, 1204–1212.e1.

35. Gonzalez-Carmona, M.A.; Möhring, C.; Mahn, R.; Zhou, T.; Bartels, A.; Sadeghlar, F.; Bolch, M.; Vogt, A.; Kaczmarek, D.J.; Heling,
D.J.; et al. Impact of regular additional endobiliary radiofrequency ablation on survival of patients with advanced extrahepatic
cholangiocarcinoma under systemic chemotherapy. Sci. Rep. 2022, 12, 1011. [CrossRef] [PubMed]

36. Inoue, T.; Naitoh, I.; Kitano, R.; Ibusuki, M.; Kobayashi, Y.; Sumida, Y.; Nakade, Y.; Ito, K.; Yoneda, M. Endobiliary Radiofrequency
Ablation Combined with Gemcitabine and Cisplatin in Patients with Unresectable Extrahepatic Cholangiocarcinoma. Curr. Oncol.
2022, 29, 2240–2251. [CrossRef]

37. Tal, A.O.; Vermehren, J.; Friedrich-Rust, M.; Bojunga, J.; Sarrazin, C.; Zeuzem, S.; Trojan, J.; Albert, J.G. Intraductal endoscopic
radiofrequency ablation for the treatment of hilar non-resectable malignant bile duct obstruction. World J. Gastrointest. Endosc.
2014, 6, 13–19. [CrossRef]

38. Dolak, W.; Schreiber, F.; Schwaighofer, H.; Gschwantler, M.; Plieschnegger, W.; Ziachehabi, A.; Mayer, A.; Kramer, L.; Kopecky, A.;
Schrutka-Kölbl, C.; et al. Endoscopic radiofrequency ablation for malignant biliary obstruction: A nationwide retrospective study
of 84 consecutive applications. Surg. Endosc. 2014, 28, 854–860. [CrossRef]

39. Zhou, C.; Wei, B.; Gao, K.; Zhai, R. Biliary tract perforation following percutaneous endobiliary radiofrequency ablation: A report
of two cases. Oncol. Lett. 2016, 11, 3813–3816.

40. Inoue, T.; Kitano, R.; Yoneda, M. Hyperkalemia after endobiliary radiofrequency ablation for malignant biliary obstruction. Dig.
Endosc. 2021, 33, 874–875. [CrossRef]

41. Strand, D.S.; Cosgrove, N.D.; Patrie, J.T.; Cox, D.G.; Bauer, T.W.; Adams, R.B.; Mann, J.A.; Sauer, B.G.; Shami, V.M.; Wang, A.Y.
ERCP-directed radiofrequency ablation and photodynamic therapy are associated with comparable survival in the treatment of
unresectable cholangiocarcinoma. Gastrointest. Endosc. 2014, 80, 794–804. [CrossRef] [PubMed]

42. Schmidt, A.; Bloechinger, M.; Weber, A.; Siveke, J.; von Delius, S.; Prinz, C.; Schmitt, W.; Schmid, R.M.; Neu, B. Short-term effects
and adverse events of endoscopically applied radiofrequency ablation appear to be comparable with photodynamic therapy in
hilar cholangiocarcinoma. United Eur. Gastroenterol J. 2016, 4, 570–579. [CrossRef] [PubMed]

43. Oh, D.Y.; He, A.R.; Qin, S.; Chen, L.T.; Okusaka, T.; Vogel, A.; Kim, J.W.; Suksombooncharoen, T.; Lee, M.A.; Kitano, M.; et al.
Durvalumab plus gemcitabine and cisplatin in advanced biliary tract cancer. NEJM Evid. 2022, 1, EVIDoa2200015.

44. Roth, G.S.; Neuzillet, C.; Sarabi, M.; Edeline, J.; Malka, D.; Lièvre, A. Cholangiocarcinoma: What are the options in all comers and
how has the advent of molecular profiling opened the way to personalised medicine? Eur. J. Cancer 2022, 179, 1–14, ahead of print.
[CrossRef]

45. Merters, J.; Lamarca, A. Integrating cytotoxic, targeted and immune therapies for cholangiocarcinoma. J. Hepatol, 2022; ahead of print.
[CrossRef]

46. Nociarova, J.; Novak, M.; Polak, J.; Hrudka, J.; Porubsky, S.; Koc, M.; Rosina, J.; Grebenyuk, A.N.; Sery, R.; Gurlich, R.; et al.
Development of Radiofrequency Ablation Generator and Balloon-Based Catheter for Microendoluminal Thin-Layer Ablation
Therapy Using the Rat Duodenum as a Model of Low-Impedance Tissue. J. Healthc. Eng. 2021, 2021, 9986874.

47. Inoue, T.; Kutsumi, H.; Ibusuki, M.; Yoneda, M. Feasibility of balloon-based endobiliary radiofrequency ablation under cholan-
gioscopy guidance in a swine model. Sci. Rep. 2021, 11, 14254.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1038/s41598-021-04297-2
http://www.ncbi.nlm.nih.gov/pubmed/35046437
http://doi.org/10.3390/curroncol29040182
http://doi.org/10.4253/wjge.v6.i1.13
http://doi.org/10.1007/s00464-013-3232-9
http://doi.org/10.1111/den.13989
http://doi.org/10.1016/j.gie.2014.02.1030
http://www.ncbi.nlm.nih.gov/pubmed/24836747
http://doi.org/10.1177/2050640615621235
http://www.ncbi.nlm.nih.gov/pubmed/27536367
http://doi.org/10.1016/j.ejca.2022.11.006
http://doi.org/10.1016/j.jhep.2022.11.005

	Introduction 
	PDT for eCCA 
	PDT with Chemotherapy for eCCA 
	Adverse Event of PDT for eCCA 
	RFA for eCCA 
	RFA with Chemotherapy for eCCA 
	Adverse Event of RFA for eCCA 
	Comparison between PDT and RFA for eCCA 
	Future Prospects 
	Conclusions 
	References

