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Biliary tract cancers (BTC) are a disease entity comprising diverse epithelial tumors, which
are categorized according to their anatomical location as intrahepatic (iCCA), perihilar
(pCCA), distal (dCCA) cholangiocarcinomas, and gallbladder carcinomas (GBC), with
distinct epidemiology, biology, and prognosis. Complete surgical resection is the mainstay
in operable BTC as it is the only potentially curative treatment option. Nevertheless, even
after curative (R0) resection, the 5-year survival rate ranges between 20 and 40% and the
disease free survival rates (DFS) is approximately 48–65% after one year and 23–35%
after three years without adjuvant treatment. Improvements in adjuvant chemotherapy
have improved the DFS, but the role of adjuvant radiotherapy is unclear. On the other
hand, more than 50% of the patients present with unresectable disease at the time of
diagnosis, which limits the prognosis to a few months without treatment. Herein, we
review the role of radiotherapy in the treatment of cholangiocarcinoma in the curative and
palliative setting.
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INTRODUCTION

Biliary tract cancers (BTCs) are the second most common hepatic malignancy after hepatocellular
carcinomas comprising < 1% of all human cancers (1). They are sub-classified as intrahepatic
cholangiocarcinomas (iCCA) originating from the biliary tree within the liver, and extrahepatic
cholangiocarcinomas (eCCA) originating from the biliary tree outside the liver, and gallbladder
carcinoma (GBC). eCCAs are further subdivided into perihilar (pCCA) and distal (dCCA)
cholangiocarcinoma. Their geographical distribution is extremely variable, depending on their
localisation, reflecting the difference in risk and genetic factors globally (2–8). BTCs are aggressive
tumors and most patients are diagnosed in an advanced stage. More than 50% present with
unresectable disease at the time of diagnosis, which limits the prognosis to a few months (9). For
patients with operable BTC at diagnosis, complete surgical resection is the mainstay as it is the only
potentially curative treatment option (1). Nevertheless, even after curative (R0) resection, the 5-year
survival rates range between 20 and 40% (10–12, 13–15). The disease free survival rates (DFS) range
between 48 and 65% after 1 year and 23 to 35% after 3 years, without adjuvant treatment (10–12,
13–15). Following surgical resection, both local recurrence and distant metastases occur frequently,
December 2020 | Volume 10 | Article 6043871

https://www.frontiersin.org/articles/10.3389/fonc.2020.604387/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.604387/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.604387/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:eleni.gkika@uniklinik-freiburg.de
https://doi.org/10.3389/fonc.2020.604387
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2020.604387
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2020.604387&domain=pdf&date_stamp=2020-12-14


Gkika et al. Radiation Therapy in Biliary Tract Cancer
with a relapse rate ranging between 56.5 and 88.4% in several
prospective trials (16) (Figure 1). Several risk factors for disease
recurrence after resection, such as positive margins, positive
nodal status and/or vascular invasion, have been identified in
several studies (11, 12, 17–21). For muscle invasive gallbladder
carcinoma prognosis seems to be even worse than for
cholangiocarcinoma (13). Due to the high rates of disease local
recurrence and poor survival rates following radical surgery,
postoperative treatment modalities, such as chemotherapy,
radiotherapy, and chemoradiation, have been considered to
improve survival after resection (22). On the other hand,
patients with unresectable disease at the time of diagnosis are
offered palliative chemotherapy according to guidelines, but
radiotherapy could also play an important role. Herein, we
review the role of radiotherapy in the treatment of
cholangiocarcinoma in the curative and palliative setting
(Figure 2).
METHODS

We conducted a systematic search of the PubMed library database
published until June 2020 using the following search terms related
to cholangiocarcinoma or gallbladder carcinoma and radiotherapy:
(cholangiocarcinoma OR bile duct cancer OR Klatskin OR
gallbladder) AND (radiotherapy OR chemoradiation OR
radiochemotherapy OR chemoradiotherapy OR SBRT OR SABR
OR stereotactic body radiotherapy OR stereotactic ablative body
radiotherapy OR brachytherapy OR BT OR particle therapy OR
proton therapy OR PBT). Additionally, we performed a search for
ongoing unpublished trials in clinicaltrials.gov.

Curative Treatment of BTC
In patients with iCCA the DFS ranges between 12 and 36 months
in various studies with a 5 year overall survival (OS) between 21
and 40% and median OS as high as 80 months in one cohort after
R0 resection (12, 23–26) (Figure 1). Routine lymphadenectomy
Frontiers in Oncology | www.frontiersin.org 2
at the level of the hepato-duodenal ligament is recommended
during surgery according to international guidelines (1, 27).
Some studies indicate that transplantation might be an effective
option in patients with early iCCA. The size of the tumor, the
grade, the presence of multiple lesions, vascular and/or
perineural invasion, and the lymph node involvement were
predictors of short DFS and should be reported by the
pathologist to guide decisions regarding adjuvant therapy,
although robust evidence for its use is lacking (1, 24).

In patients with pCCA the 5 year OS ranges between 7 and
37% in several studies (25, 26) (Figure 1). The resection often
involves lobectomy bile-duct resection, right hemi-hepatectomy,
regional lymphadenectomy, and Roux-en-Y hepaticojejunostomy
(28). Several surgical advances have facilitated the resection of
those tumors in the present years, while liver transplantation
offers very good outcomes in selected patients with early disease
(29). The presence of regional lymphadenopathy, although not an
absolute contraindication for resection, is associated with inferior
patient outcomes (28). Lymphadenectomy is at any case a
standard part of every curative resection. Liver transplantation
in unresectable cases has been explored in study following
neoadjuvant chemoradiation, showing a 5-year DFS of 65% (30).

The 5-year OS rates for dCCA rage between 23 and 50% (25,
26) (Figure 1). Patients with dCCA typically undergo partial
pancreaticoduodenectomy (Whipple procedure) with extended
bile duct resection up to the hilum and dissection of the draining
lymph nodes (1). In a large series, R0 resection was achieved
in 78%.

GBC has two typical presentations: either (a) incidentally
diagnosed in the histological workup of simple cholecystectomies
or (b) as a symptomatic right upper quadrant tumor at an
advanced stage (1). After R0 resection DFS ranges between 10
and 12 months and OS rates are about 55% after 1 year and about
30% after 3 years in patients with GBC following radical
cholecystectomy and partial hepatectomy (10, 13–15) (Figure
1). Over the last 5 years, there is an improvement of the median
5 years OS rate from 28% (between 1995 and 2000) to 42%
FIGURE 1 | The classification of biliary tract cancers, overall survival and patterns of recurrence.
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(between 2015 and 2020) (16). Patients with GBC tend to have
higher rates of distant failure compared to CCA (31).

Patterns of Recurrence and Prognostic
Factors for Recurrence After Resection
Despite aggressive resection, at least 50% of patients experience
recurrence of tumor with the mean time to recurrence ranging
from 10 to 20 months (32), while in the major prospective studies
evaluating chemotherapy vs. observation in the adjuvant setting,
the incidence of relapse in the adjuvant chemotherapy arms
ranged between 53.8 and 79.9% and in the observational arms
between 56.5 and 88.4% (16). Some studies report a higher
incidence of distant metastases in patients with GBC (31, 33),
while in CCA relapse patterns vary significantly between studies.
Recurrence most frequently involves intrahepatic metastasis,
followed by simultaneous intra- and extrahepatic disease, and
extrahepatic recurrence alone being the least common (31, 33,
34). Pathologic data suggest that high recurrence and low
survival rates are, in part, a result of frequent and early portal
vein, lymphatic, biliary and perineural invasion of tumor (35, 36)
supporting a strong role for aggressive multimodal therapy. In a
study by Jung et al. (37) relapses were the most frequent in the
choledochojejunostomy (17.7%); para-aortic area(16.1%) and
superior mesenteric artery area (16.1%); and portal vein area
(14.5%). In a further study (38) patients who did not receive
adjuvant RT developed loco-regional recurrences in 51%,
primarily at biliary anastomosis/liver surface, portal lymph
nodes, and retroperitoneal lymph nodes. Concerning the
patterns of recurrence after curative resection for GBC many
patients developed distant recurrences, although the most
common site of recurrence was the liver (n = 22, 34.4%)
followed by the peritoneum (n = 10, 15.6%) (39). In a study of
156 patients (80 with GBC and 76 with HCCA) Jarnagin et al.
(13) reported that 52 (68%) patients with hCCA and 53 (66%)
patients with GBC had disease recurrence at a median follow-up
Frontiers in Oncology | www.frontiersin.org 3
of 24 months. The median time to disease recurrence was shorter
for patients with GBC compared with patients with hCCA (11.5
vs. 20.3 months; P = 0.007). Of those who developed disease
recurrence, isolated loco-regional disease as the first site of failure
occurred in 15% of patients with GBCA compared with 59% of
patients with hCCA (P < 0.001).

Factors associated with increased risk of relapse include the
presence of R1, high serum carbohydrate antigen (CA) 19–9 and
the presence of lymph node metastases (16, 23, 40, 41). In other
studies additional factors have been identified such as a tumor
size >5 cm, the number of lesions, vascular invasion, tumor
grading, obstructive jaundice, a neutrophil to lymphocyte ratio
(NLR) < 5, and lack of perineural invasion (12, 17–20, 25, 32, 34,
42–46). In a meta-anlysis by Ke et al. (47) the hazard ratio (HR)
was 0.60 (95% CI = 0.51–0.69) in the positive resection margin
group, and 0.67 (95% CI = 0.57–0.76) in lymph node metastasis
(LNM) group. The effect of adjuvant treatment (AT) on the
patients with LNM was evaluated in 4 included cohorts (48–51).
Using a random-effect model, the pooled HR for the OS in the
AT group was 0.67 (95% CI 0.57–0.76), compared with the non-
AT group.

Concerning the resection margins, DeOliveira et al. (24)
studied 564 consecutive patients treated between 1973 and
2004 (42% distal, 50% perihilar 8% intrahepatic). Whilst the
negative margin rate increased during the period studied, the
survival of patients with positive margins was worse and on
multivariate analysis patients with R0 and N0 had a statistically
significant better survival. Additionally Farges et al. reported that
surgical margins less that 1mm had a similar outcome compared
to R1 resections and margins greater than 5mm were associated
with improved survival (52). In a study by Tamandl et al. (11) the
distance between the tumor and resection margins correlated
with the median DFS ranging between 11.4 to 9.8 months, while
in case of R1 resection, the median disease free survival was 9.9
months. A retrospective study evaluating the results of surgical
FIGURE 2 | Flow chart illustrating the integration of radiotherapy in the treatment of biliary tract cancers.
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therapy for intrahepatic CCA showed that the most frequent site
of disease recurrence was the liver (53).

For patients diagnosed with eCCA, the presence of
postoperative CA19-9 (HR 2.26) and presence of lymph node
infiltration (HR 2.33) were associated with worse outcomes.
Patients with resected eCCA with high pre-and post-operative
CA19-9 were shown to have a higher distant metastasis rate and
shorter disease-free interval (40). Involvement of adjacent
structures, perineural invasion, and poorly-differentiated
histology has also been associated with poor outcomes for
resected eCCA (16, 23, 41, 54–56). Five-year survival of N+
versus N0 disease was 0 to 29% versus 32 to 67% in pCCA, and
16 to 21% versus 42 to 61% in dCCA (26).

For iCCA, factors associated with increased relapse rate and
poor prognosis include R1 resection, lymphatic invasion,
vascular invasion, and peri-ductal infiltrating disease (23, 42,
57–60). Prognostic nomograms have been designed for patients
with resected iCCA (61) including serum carcinoembryonic
antigen (CEA), CA199), tumor diameter and number, vascular
invasion, lymph node metastasis, direct invasion, and local extra-
hepatic metastasis, showing a superiority in prognostic
discrimination compared to five other staging systems for
iCCA (p < 0.001). Five-year survival of N+ versus N0 disease
was 0 to 9% versus 36 to 43% in iCCA (26).

For GBM, higher recurrence rates are associated with R1-
resection, depth of mural invasion, lymph node metastasis,
extramural extension, and perineural invasion (16, 1, 62).

Adjuvant Therapies
The high rates of recurrence following surgery justify the
consideration of an adjuvant treatment. In a meta-analysis by
Horgan et al. (63), including 6712 patients treated between 1960
and 2010 there was a trend for improved OS with adjuvant
treatment compared to resection alone (odds ratio (OR), 0.74;
P = 0.06). Chemotherapy regimens, either alone or in combination
with radiotherapy, showed a statistically greater impact on survival
than radiotherapy alone, especially for patients with lymph node
involvement (OR, 0.49; P = 0.004) and involved resection margins
(OR, 0.36; P = 0.002). Manterola et al (64). conducted a meta-
analysis including 3 systematic reviews and 24 observational studies
evaluating the role of adjuvant treatment in GBC concluding that
the results do not provide strong evidence that AT is effective in
patients who undergo resection for GBC. Subgroups with positive
lymph nodes and positive surgical margins may have a survival
Frontiers in Oncology | www.frontiersin.org 4
advantage. Additionally, in the meta-analysis by Ke et al. (47),
subgroup analysis showed that the pooled HR for the OS rate in the
AT group compared with non-AT group were as follows:
chemotherapy group was 0.57 (95% CI = 0.44–0.70), TACE
group was 0.56 (95% CI 0.31–0.82), radiotherapy group was 0.71
(95% CI = 0.39–1.03), chemoradiation group was 0.73 (95% CI =
0.57–0.89), positive resection margin group was 0.60 (95% CI =
0.51–0.69), and lymph node metastasis (LNM) group was 0.67
(95% CI = 0.57–0.76). Thus, prospective trials are needed to
elaborate the role of adjuvant therapy.

Adjuvant Chemotherapy
Over the last decades, four randomized phase III clinical trials
have evaluated the role of adjuvant chemotherapy in resected
BTC (Table 1). In the BCAT study patients with eCCA were
randomized between observation alone vs. gemcitabine. Patients
with CCA and GBC were randomized between observation vs.
gemcitabine and oxaliplatin in the PRODIGE-12/ACCORD-18
trial, observation vs. capecitabine in BILCAP study and
observation vs. mitomycin C combined with 5 FU in the study
by Takada et al. (10).

In the prospective randomized trial by Takada there was a non-
significant benefit for patients with CCA with R0 resection
receiving adjuvant therapy, with a DFS at 5 years of 15.8 vs.
32.4% and an OS at 5 years of 28.3 vs. 41.0% (10). The PRODIGE-
12/ACCORD-18 trial showed a non-significant improvement in
the recurrence-free survival (RFS) for gemcitabine and oxaliplatin
compared to observation alone (30.4 vs. 22 months, HR 0.83, 95%
CI: 0.58–1.19, p = 0.31) in 196 patients (66), while the BCAT trial
has shown that adjuvant gemcitabine is not associated with
improved RFS or OS (65). the BILCAP study (68)showed a
benefit from adjuvant capecitabine in terms of OS (pre-planned
sensitivity analysis in the intention-to-treat population and in the
per-protocol analysis), with confirmed benefit in terms of RFS. The
treatment was well tolerated without unexpected adverse events or
a detriment in quality of life. Based on the BILCAP trial,
international guidelines recommend adjuvant capecitabine for a
period of 6 months following potentially curative resection of CCA
as the current standard of care for resected CCA and GBC (16).

Adjuvant Radiotherapy
Chemoradiation
Several studies have evaluated the role of adjuvant radiotherapy
or chemoradiation (CRT) in this setting. A systematic review and
TABLE 1 | Phase III trials exploring the role of adjuvant Chemotherapy.

Takeda (2) BCAT (65) Prodige-12/ACCORD-18 (66) BILCAP (67)

Study arms Mitomycin and 5 FU (MF) vs. S
alone

Gemcitabine (Gem) vs. S alone Gemcitabine and Oxaliplatin
(Gemox)vs. S alone

Capecitabine (Cap) vs. S alone

Sample size 508 226 196 447
BTC subtype GBC:139CCA:140 hCCA:102dCCA:123 CCA/GBC CCCA/GBC
Incidence of
recurrence

GCB: 80% (S+MF) 88% (S) 54% (S+Gem) vs. 57% (S) 62% (S+GemOX) vs. 68% (S) 60% (S+Cap)

Localisation of
recurrence

n.r. Liver, local, peritoneal, lymph nodes n.r.
December 20
S, surgery; n.r., not reported.
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meta-analysis on adjuvant radiotherapy in EHCC (69) including
10 studies, demonstrated an improvement in OS with adjuvant
radiation therapy or chemoradiation with 5 FU (57% of the
studies) (HR, hazards ratio 0.62, 95% CI: 0.48–0.78, p < 0.001)
with a low incidence of late radiation toxicity (2–9% of the
patients), mainly late obstruction or gastrointestinal bleeding. In
a further systematic review and meta-analysis including 20
studies (63, 70), patients receiving CT or CRT derived
statistically greater benefit than RT alone (OR, 0.39, 0.61, and
0.98, respectively; P = 0.02), especially patients with LN-positive
disease (OR, 0.49; P = 0.004) and R1 disease (OR, 0.36; P =
0.002). While in a further meta-analysis by Ren et al. (71)
including 21 studies, with 1465 EHCC and GBC patients, 5-
year overall survival (OS) rate was higher in the adjuvant RT
group than in the non-RT group (OR = 0.63; 95% CI = 0.50–0.81,
p = 0.0002). The 5-year OS rate was significantly higher for those
with positive lymph nodes (OR = 0.15; 95% CI = 0.07–0.35; p <
0.00001) and margin-positive resection (OR = 0.40; 95% CI =
0.19–0.85; p = 0.02) in the adjuvant RT group than in the non-
RT group. The local recurrence rate was significantly lower in the
adjuvant RT group than in the non-RT group (OR = 0.54; 95%
CI = 0.38–0.76, p = 0.0004).

Four national cancer database (NCD) analyses and four
Surveillance, Epidemiology and End Results (SEER) database
analyses have evaluated the role of adjuvant treatment, including
radiation. In an analysis from 1998–2013 (72), 2897 patients were
identified, R0 status was achieved in 1951 patients (67.3%) and RT
was delivered to 525 patients (R0 = 255, R1/R2 = 230, unknown =
43). Following propensity score matching, the OS for R0 versus R1/
R2 resection was 31.2 versus 19.5 months (p = .001), respectively.
RT was associated with a trend toward improved survival for R1/R2
lymph node negative patients (39.5 vs. 21.1 months; p = 0.052).
Patients with a positive resection margin had a higher risk of disease
recurrence (HR, 1.61; 95% CI, 1.15–2.27; p = .01) and a shorter
overall survival (HR 1.54; 95% CI, 1.12–2.11; p = 0,001). In an
additional NCD analysis, from 2004–2012 (73), evaluating the role
of surgery and adjuvant therapy in lymph node positive GBC and
iCCA, adjuvant treatment, including radiation, was associated with
a lower risk of death relative to surgery alone for patients with GBC
regardless of margin status (margin-negative resection: HR, 0.66;
95% CI, 0.52–0.84; margin-positive resection: HR, 0.54; 95% CI,
0.39–0.75), while adjuvant chemotherapy alone was not. For
patients with iCCA, no survival benefit was detected with
adjuvant chemotherapy or radiation for those who underwent
either margin-positive or margin-negative resection. In a further
NCDB analysis (74), evaluating the benefit of adjuvant therapy
following resection for intrahepatic cholangiocarcinoma after
adjusting for other prognostic variables, patients were found to
significantly benefit from AT if they had positive lymph nodes
(chemotherapy: HR, 0.54; p = 0.0365; chemoradiation: HR, 0.50,
p = 0.005) or positive margins (chemotherapy: HR, 0.44; p = 0.0016;
chemoradiation: HR, 0.57; p = 0.0039). Lastly, in a propensity score
matched analysis from a NCD (2004–2014) including extrahepatic
bile duct cancers adjuvant therapy was associated with improved
median OS for hilar tumors (40.0 vs. 30.6 months; p = 0.025) but
not distal tumors (33.0 vs. 30.3 months; p = 0.123), while
chemoradiation was associated with superior outcomes compared
Frontiers in Oncology | www.frontiersin.org 5
with chemotherapy alone in the subset of margin-positive resection
(HR 0.63; 95% CI, 0.42–0.94) (75).

A SEER database comprising patients with EHCC (n = 1569)
treated between 1973 and 2005 suggest an early survival
advantage for adjuvant radiotherapy (25 vs. 21 months after
R1 resection with versus without adjuvant radiotherapy, p <
0.001) whereas survival was almost identical for patients after
R0-resection (26 vs. 25 months) (76). In another SEER analysis
by Shinohara including 4,758 patients palliative RT prolonged
survival, while the benefit associated with surgery and RT was
significant on univariate analysis but not after controlling for
potential confounders using the propensity score (77). A further
SEER database analysis (78) including 3839 patients with IHCC,
use of surgery, and adjuvant radiation therapy conferred the
greatest benefit on OS (HR = 0.40; 95% CI, 0.34– 0.47), followed
by surgery alone (hazard ratio [HR], 0.49; 95% CI, 0.44–0.54)
and radiation therapy alone (HR, 0.68; 95% CI, 0.59–0.77)
compared with no treatment on multivariate analysis. Finally,
in a SEER analysis from 1973–2003, including patients with
resected eCCA, adjuvant RT was not associated with an
improvement in long-term overall survival in patients with
resected extrahepatic bile duct cancer (79). Major limitations of
these four SEER database analyses are the lack of information
concerning patient and treatment related factors and subsequent
treatments. Furthermore, most of these patients were treated
without concurrent chemoradiation.

In several studies maintenance chemotherapy after adjuvant
concurrent CRT showed promising results (80–82). In a Phase II
study in pancreatic cancers and BTCs (83), evaluating the
combination of adjuvant chemotherapy with taxane and
gemcitabine followed by chemoradiation the treatment was
discontinued by 15% of the patients due to adverse events.
Grade 3 or greater non-hematological toxicities were observed
in 15% of patients. Recently the Phase II SWOG 0809 trial (84)
evaluated the role of adjuvant gemcitabine with capecitabine
followed by concurrent CRT with capecitabine in patients with
BTC mainly EHCC and GBC. The OS was 35 months, similar for
both R0 and R1 resected patients (R0, 34 months; R1, 35
months). The trial met the primary endpoint, the treatment
incurred toxicity grade 3 to 4 adverse effects such as neutropenia
(44%), hand-foot syndrome (11%), diarrhoea (8%), lymphopenia
(8%), and leukopenia (6%). This trial establishes the feasibility
of conducting national adjuvant trials in EHCC and GBCA
and provides baseline data for planning future phase III
trials (85).

In conclusion, non-randomized phase II trial and meta-
analyses support the efficacy chemoradiation in the adjuvant
setting. Selected prospective and retrospective studies with
subgroups of patients receiving adjuvant radiotherapy or
chemoradiation are summarized in Table 2.

Brachytherapy
The role of brachytherapy (BT) mostly as brachytherapy boost
after EBRT has been also evaluated in the adjuvant setting mostly
in singe-centre retrospective studies. Gerhards (94) et al.
reported that the addition of BT to external radiotherapy in
the adjuvant setting provided no significant benefit in hCCA,
December 2020 | Volume 10 | Article 604387
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TABLE 2 | Selected results after adjuvant radio (chemo)therapy in cholangiocarcinoma.

Design Nr of Patients Total/RT) RTx CTx R0 OS(months)

Gonzales (86) R 55/23 Aprox. 42.7–55.6 Gy ± BT 5 FU (11) n.r. S: 8.25
S+RT: 19

Schoenthaler (87) R 129/67 RT 54 Gy
or CP

5 FU n.r. S:11 †

S+RT:21.5†
S+CP:61†

Pitt (88) P 50/23 46 (40–60) Gy
+ 13 (2–18)Gy BT

none R0:42% S: 20
S+RT: 20

Zlotecki (89) R 46/30 30–60 Gy ± BT none n.r. S:26.1
S+RT:43.4

Todoroki (90) R 63/28 43.6 Gy
21 Gy IORT

n.r. 25% S:10 †

S+RT:32†
Serafini (91) R 92/34 39.6–50.4 Gy yes n.r. S: 29

S+RT:42
Kim (92) R 84/84 40–45 Gy 5 FU R0:47

R1:25
R0:36%@5years
R1:35%@5years
R2:0

Nakeeb (93) R 140/55 n.r. 5 FU or gemcitabine n.r. S:27.8
Gerhards (94) R 91/71 46 Gy ± BT none n.r. S: 8

S+RT:24
Heron (95) R 118/23 46 (27–60)Gy +

25 (9–33) Gy BT
5 FU n.r. Proximal

S+RT:24
Distal
S:62.5

Lindel (96) R 20/10 EBRT ± IORT None n.r. S:20.2
S+RT:28.8

Itoh (97) R 37/16 52.3 Gy n.r. R0:8
R1:9
R2:4

eCCA:
S:16
S+R:17
GBC:
S:34
S+RT:13

Czito (98) R 22/22 45 Gy ± 5 FU n.r S+r:22.8
Sagawa (99) R 9/39 20–50 Gy

± BT
none R0:34

R1/2:35
S:33.3%@3years
S+RT:40.9%%@3years

Schoppmeyer (81) Ph I/II 18 49.6 Gy ± gemcitabine R0:5
R1:1
R0:12

R2:7.9months
R0/1:not reached
All:11months

Ben-David (100) R 81/81 58.4 Gy ± 5FU R0:12
R1:16
R2:51

R0:24.1
R1:n.r.
R2:13.1

Mahantshetty (101) R 60/40 50 Gy ± 5 FU, mitomycin R0:90% All: 25%@5 years
Dinant (102) R 99/99 55 Gy none R0/1:83

R2:16
S+R:27%@5years

Cheng (103) R 75/23 50Gy n.r. n.r. All:35.5
Oh (38) R 60/60 45–55Gy 5FU or gemcitabine R0:24

R1:23
R2:13

R0:53%@2years
R1:40.7%@2years

Hughes (80) R 34/34 50.4–54Gy ± 5 FU n.r. S+R: 36.9
35%@5years

Borghero (104) R 65/42 55 Gy
± BT
± IORT

± 5 FU or capecitabine n.r. S:31
S+RT:32

Shinohara (77) R 4,758 701 n.r. n.r. n.r. S:4
S+R:16

Shinohara (78) R 3839
/286

n.r. n.r. n.r S:3
S+R:11

Gold (105) R 73/25 50.4 5 FU n.r. S:50.4
S+R:57.6

Lim (82) R 120/120 40–54 Gy 5 FU R0:66% R1:34% S+R:30.8%@3years
S+R:62.6%@3years*

Nelson (106) R 45/33 50.4 Gy ± BT boost Mostly 5 FU R0:36
R1:6
R2:3

S+R:34 months

(Continued)
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while the incidence of toxicities was higher. In the case of R1
resection, a combination of adjuvant therapy with EBRT plus BT
led toa comparable survival as in patients with R0 resection in
hCCA with a median survival of 26 months in a small number of
selected patients (117). In Table 2, we summarize the results of
adjuvant RT with or without brachytherapy boost. In conclusion,
the additional advantage through a BT boost in the adjuvant
setting is unclear.

Neoadjuvant Chemoradiation
Neoadjuvant chemoradiation has been investigated either before
resection or prior to liver transplantation (118–120) as a
treatment option in primarily unresectable cholangiocarcinoma.
Frontiers in Oncology | www.frontiersin.org 7
Chemoradiation prior to surgery was evaluated in four studies
(Table 3), leading to R0 resection rates between 71.4 and 100%.
Nelson et al. (106) compared retrospectively patients treated with
adjuvant vs. neoadjuvant chemoradiation showing that
neoadjuvant chemoradiation led to a prolonged OS (5-year
survival 53 vs. 23%, p = 0.16) and similar rates of Grade 2–3
surgical morbidity (16 vs. 33%, p = 0.24) compared with those
treated in the postoperative setting, although the latter presented
withmore advanced disease at diagnosis. A Phase I trial estimated
the maximum tolerated dose of gemcitabine at 600mgm−2 with
45 Gy in 1.8-Gy daily fraction for neoadjuvant CRT (124).

Neoadjuvant chemoradiation was also used in combination
with liver transplantation in patients with pCCA in small single
TABLE 2 | Continued

Design Nr of Patients Total/RT) RTx CTx R0 OS(months)

Jiang (48) R 90/24 50 Gy none n.r. S:9.5
S+RT:19.1

Vern-Gross (79) R 1491/473 n.r. n.r. n.r All: 20 months
Beltran (107) R 23/23 45–60 Gy 5 FU R0:13

R1:8
n.r:2

36%@5 years
(R0:61%@5years)

Kim (108) R 168/115 45 (45–55.8) Gy yes S:28.2%@5 years
S+R:36.5%@5 years

Cho (83) Ph II 48/30 45Gy 5 FU n.r. 23¥
Ben-Josef (84) Ph II 79/79 52.5–59.4 capecitabine R0:54

R1:25
R0:34
R1:35

Hayashi (109) R 187/187 50.4 Gy Gemcitabine or 5 FU R0:21%
R1:48%
R2:20%

S+R: 15

Sur (74) R 638/147 n.r. n.r. R0:504
R1:179

n.r.

Hammad (72) R 2897/525 n.r. yes R0:255
R1/2 = 230

S:21.1†
S+RT:39.5†

Dover (110) R 95/23 50.4–54 Gy 5 FU R0:67
R1:

S:26.3
S+RT:30.2

Im (111) R 336/78 50.4 Gy ± 5 FU or gemcitabine R0:251
R1:67
R2:18

S:43.2
S+RT:42.9
S+CRT: 47.6

Kim (112) R 132/132 50.4 Gy ± 5 FU or capecitabine R0:118
R1:14

S+R:48.1

Ecker (75)** R 1718/859 n.r. n.r S:29.6
S+CT ± RT:36

Tran (73) R 1210/358 n.r. n.r. n.r GBC
S:13.3
S+RT:24.7

Gu (113)** R 78/39 n.r. yes n.r. S:13
S+RT:27

Lee (114) R 84/32 47.4–54 Gy ± 5 FU ± cisplatin R0:52
R1:32

R0:S:61.5
R1:S+CRT:57.9
R1:S+RT:15.4

Zheng (115) R 70/26 50–60 Gy none R0:21
R1:49

R0:S:65%@3 years
R1:S:20%@3 years
R1:S+RT: 55%@3 years

Mukai (116) R 32/32 50Gy gemcitabine R0:0
R1:16
R2:16

S+R:40
D
ecember 2020 | Vol
Fx, Fraction; 5-FU, 5-fluorouracil; n.r., not reported; BT, Brachytherapy; IORT, intraoperative brachytherapy; CP, charged particles; S, surgery; S+ RT, radiation therapy; CTx,
chemotherapy; RTx, radiotherapy; CT, chemotherapy.
*in patients with concurrent chemoradiation followed by chemotherapy.
**Propensity score matching.
†for R1 resected.
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centre studies, either as brachytherapy (125), SBRT (126), or
concurrent CRT (127–130) (Table 4). In a multi-centre study by
Darwish Murad et al. (30) with pCCA treated with neoadjuvant
therapy followed up by liver transplantation at 12 US centers, the
recurrence-free survival after 5 year was 65% showing this
therapy is effective in selected patients. Both concepts should
be further evaluated in clinical trials in addition to ongoing trial
of Liver Resection versus Radio-chemotherapy-Transplantation
for Hilar Cholangiocarcinoma (TRANSPHIL NCT02232932).

Management of Locally Advanced Disease
Systemic Treatment
Systemic treatment is the treatment of choice for unresectable
BTC according to guidelines (1). Earlier randomized, controlled
studies have shown that chemotherapy improves survival in
patients with advanced BTC compared with best supportive
care (132–134). In a pooled analysis of 104 studies in advanced
BTC, gemcitabine combined with cisplatin or oxaliplatin resulted
to the best response rates, however, without significantly
improving survival (135). In the phase III UK ABC 02 study
Valle et al. (9) reported a median survival close to a year (11.7
months) for cisplatin/gemcitabine, compared with 8.1 months
for gemcitabine alone(95% CI: 0.53–0.79; P < 0.001) these results
were also confirmed in the BT22 study (136) and in a subsequent
meta-analysis (137). Therefore, the combination of cisplatin and
gemcitabine is currently regarded as standard of care in
metastatic or unresectable BTC. Other treatments tested in
randomized trials include the combination of gemcitabine,
cisplatin and nab-paclitaxel (138), modified folfirinox vs.
cisplatin gemcitabine (PRODIGE38-AMEBICA trial) (139), or
nal-IRI, 5 FU, leucovorin vs. cisplatin gemcitabine (NIFE
trial) (140).
Frontiers in Oncology | www.frontiersin.org 8
Concerning the role of targeted therapies, although initial
results from a single-arm study using cetuximab in combination
with GemOX were promising (141), there was no benefit observed
in a subsequent randomized phase II study (142). Similar negative
findings were observed with erlotinib or panitumumab, sorafenib,
or cedira-nib (an oral VEGFR-1, −2, and−3, PDGF, and c-Kit
tyrosine kinase inhibitor) and the cisplatin/gemcitabine
combination (1, 143, 144). In a phase II trial, regorafenib showed
a disease control rate of 56%, indicating that it might be useful in
refractory disease (145). Moreover, recently described gene fusions
and mutations are being investigated. Emerging therapies that hold
considerable promise include FGFR inhibitors such as pemigatinib
and IDH1 and/or IDH2 inhibitors (29, 146, 147), whereas the
inhibition of other molecular pathways, including the RAS/RAF/
MEK/ERK, the MET, the PI3K/AKT/mTOR and angiogenetic
pathways, is unclear (148). Certain tumor genetic aberrations
have been associated with a likelihood of response to immune-
checkpoint inhibitors, which might relate to the expression of
neoantigens capable of eliciting an antitumor T-cell response
(29). Several checkpoint inhibitors are currently being evaluated
in a large number of clinical trials either as monotherapy or dual
checkpoint inhibition but also in combination with chemotherapy
or molecular targeted therapies (29). In some studies, it was
indicated that tumors with DNA mismatch repair deficiency
(dMMR) are sensitive to PD-1 blockade, so that for tumors with
microsatellite instability (MSI-high) or dMMR tumors progressing
after prior treatment, pembrolizumab is a possible treatment
option (149–151).

Definitive Chemoradiation
For locally advanced inoperable cholangiocarcinoma definitive
chemoradiation in has been evaluated in several prospective and
TABLE 3 | Neoadjuvant chemoradiation of advanced cholangiocarcinoma.

Authors Study Nr of Patients EBRT BT Chemotherapy R0 Resection Median OS

McMasters
(121)

P hCCA:5
dCCA:4

45–50.4 Gy none 5-FU 100% n.r.

Nelson (106) R h+dCCA:12 50.4 Gy done 5-FU 91% 34 months
Jung (122) R hCCA:12 45–50.4 Gy none 5-FU/

Gemcitabine
83,3% 32.9 months

Sumiyoshi (123) R hCCA:15 50 Gy none S1 71.4%* 37 months*
Decembe
r 2020 | Volume 10 | A
EBRT, external beam radiotherapy; BT, Brachytherapy; bid, twice daily; LT, liver transplantation; SBRT, stereotactic body radiotherapy; 5-FU, 5-fluorouracil; OS, overall survival
*for the 11 patients who underwent surgery.
TABLE 4 | Neoadjuvant radiotherapy followed by liver transplantation.

Authors Patients EBRT BT Chemotherapy OS

De Vreede (127) 19 45 Gy/1.5Gy/bid ± 20–30 Gy 192Ir ± 5-FU n.r.
Heimbach (128) 46 45 Gy/1.5Gy/bid ± 20–30 Gy 192Ir ± 5-FU 82% @5 years after LT
Sudan (125) 11 none ± 60Gy 192Ir ± 5-FU 45% alive @7.5 years
Wu (131) 6 44 Gy in 22 frs ± 30 Gy 192Ir ± yes n.r.
Murad (30) 287 Dose n.r. ± BT ± yes 53% @5 years after LT
Welling (126) 17 SBRT 50–60 Gy/3–5 fractions none capecitabine 83% @1 year after LT
Mukewar (130) 40 45 Gy/1.5 Gy/bid ± 9.3–16 Gy in 1–4 Fx 5-FU or capecitabine n.r.
EBRT, external beam radiotherapy; BT, Brachytherapy; bid, twice daily; LT, liver transplantation; SBRT, stereotactic body radiotherapy; 5-FU, 5-fluorouracil; OS, overall survival; Fx,
fractions.
n.r., not reported; OS, overall survival.
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retrospective studies (Table 5). Radiotherapy improved cancer-
specific survival in inoperable patients (P <.0001) in a SEER
database analysis (174). The French FFCD trial (167) randomized
patients with hilar or extrahepatic non-metastatic BTC between
chemoradiation (50 Gy with concurrent cisplatin and 5-FU) or
chemotherapy with gemcitabine and oxaliplatin (GemOx). The
trial was closed before completion due to slow recruitment after 34
patients had been enrolled, showing that GemOx was at least as
efficient as chemoradiation. Most studies were conducted in
combination with 5 FU, gemcitabine, or cisplatin with a median
radiotherapy dose of ca 50 Gy, leading to an actuarial 2-year LC of
29.0% in one study and a PFS between 6.8 and 10.5 months
(median: 7.5 months) (163, 164, 166, 167, 169–171), while in other
studies, dose escalation led to higher LC rates and improvement of
OS (175). Tao et al. (175) reported a median survival of 30 months
for all patients (1-, 2-, and 3-year OS was 87, 61, and 44%,
Frontiers in Oncology | www.frontiersin.org 9
respectively). Patients with a higher biological effective dose (BED)
of 80.5 Gy had an improved local control (LC: 78 vs. 45% after
3 years, p = 0.03) and overall survival (median OS: not reached vs.
27 months p = 0.02) compared to patients with lower doses.
Patients receiving a BT boost had a better LC compared to patients
with EBRT without BT (97 vs. 56% at 1 year) (165). OS ranged
between 9.6 and 13.5 months (median: 13 months, Table 5), with
acceptable toxicity mostly grade ≥ 3 acute hematological and/or
gastrointestinal toxicity (163, 164, 166, 167, 169–171), while in
some cases, the use of a BT boost resulted to better LC rates (2 year
LC 53 vs. 25%) (170).

In conclusion, BTCs might need higher doses in order to
achieve a better local control and maybe also a survival benefit.
Concepts for safer dose escalation include the use of stereotactic
body radiotherapy (SBRT), brachytherapy (BT), or proton beam
radiation therapy (PBRT).
TABLE 5 | Radiotherapy in inoperable cholangiocarcinoma.

Author Design Nr of patients Radiotherapy Chemotherapy OS (median) LC

Fields (152) R 17 50.4 (44–63) Gy
± BT

n.r. 10.5 months n.r.

Veeze-Kuijpers (153) R 31 40 Gy ± BT Boost 25 Gy n.r. 10 months n.r.
Buskirk (154) R 34 50–60 Gy

± BT
± IORT

5 FU 12 months n.r.

Alden (155) R 40 46 Gy
± BT 25 Gy

5 FU
Mitomicyn C

9 months n.r.

Fritz (156) R 30 30–45 Gy
+20–45 Gy BT

none 10 n.r.

Foo (157) R 24 50.4 Gy ± BT Boost 20 Gy 5 FU 12.8 months n.r.
Morganti (158) R 20 39.6–50.4 Gy

+ 30–50 Gy BT
5 FU 21 months 33 months*

Crane (159) R 52 30–85 Gy
± BT Boost 20 Gy or IORT 20 Gy

5 FU 10 months 10 months

Shin (160) R 31 50.4 Gy
+ 15 Gy BT

none 22% @ 2years 71% @ 2 years

Takamura (161) R 93 50 Gy ± BT Boost 39.2 Gy n.r. 12 months n.r.
Brunner (162) R 98 50.8 Gy 5 FU, gemcitabine 11.8 months n.r.
Ben-David (100) R 52 58.4

(23–88.2)Gy
5 FU, gemcitabine 13.1 n.r.

Shinohara (78) R 475 n.r. n.r. 9 months n.r.
Baisden (163) Ph II 10 50 Gy capecitabine 13 months n.r.
Fuller (76) R 146 n.r. n.r. 12.18 n.r.
Moureau-Zabotto (164) R 30 48.25 Gy

(30–78 Gy)
5 FU, cisplatin, capecitabine 12 months n.r.

Ghaafori (165) R 37 45 Gy
+ 25 Gy BT

none 59%@1 year
22%@2 years

90%@ 1 year

Yi (166) R 106 50.4 Gy 5 FU, gemcitabine 10.7 months n.r.
Phelip (167) Ph II 18 50 Gy 5 FU, cisplatin 13.5 months n.r.
Tao (168) R 79 58.05 (35–100) Gy n.r. 30 months 81%@1year

23 months
Chen (169) R 34 55.1 Gy ± 5 FU 13.5 months (cCRT)

6.7 (RT)
n.r.

Autorino (170) Ph II 27 50 Gy
+15 Gy BT

gemcitabine 27% 29%

Lee (171) Ph II 18 45 Gy gemcitabine 9.6 months n.r.
Elganaimy (172) R 80 30–75 Gy Capecitabine or 5 FU 18.7 77.4 median
Aghili (173) R 38 45–50.4 Gy

+ 20 Gy BT
capecitabine 15 n.r.
Decem
ber 2020 | Volume 10 |
R, retrospective; Ph, Phase; BT, Brachytherapy; cCRT, concurrent chemoradiation; RT, radiotherapy.
*time to local progression.
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Stereotactic Body Radiotherapy
There is emerging evidence concerning the efficacy of stereotactic
body radiotherapy (SBRT) in the treatment of inoperable BTC.
Several prospective and retrospective studies SBRT led to local
control rates ranging between 65 and 100% with a median OS of
11–35.5 years (median 15 months), in selected patients (176–
178). In a systematic review, including 10 studies and 231
patients, the pooled 1 year LC was 83.4% (95% CI: 76.5–
89.4%) (178). According to the anatomical location of CCA, 1
year OS was 57.1% (range: 45.0–58.0%), 81.5% (range: 80.0–
83.0%), and 58.7% (range: 45.0–73.0%) in studies including
iCCA, eCCA, and both sites, respectively (126, 178–187).

Furthermore, in several studies dose escalation correlated with
prolonged OS and LC (175, 177). In a study by Brunner et al. LC
rates at 12 and 24 months were 91% and 80% for BEDmax
Frontiers in Oncology | www.frontiersin.org 10
>91 Gy10 vs. 66 and 39% for lower doses (p = 0.009) (177).
Additionally SBRT is a well-tolerated treatment with a low
incidence of toxicities <10% (178, 188), while in a meta-analysis
(178), only one case of fatal liver failure was reported in one patient
despite compliance with dose/volume constraints. Additionally,
SBRT has the advantage of being easily incorporated in systemic
treatments showing high rates of OS after 1 year (median: 73.0%;
range: 58.0–80.0%) (181, 185, 189) or even as neoadjuvant
treatment in combination with capecitabine followed by liver
transplantation leading to a 1 year OS of 83% as previously
reported (126) (Table 6). The addition of stereotactic body
radiotherapy to systemic chemotherapy in locally advanced
biliary tract cancers is being investigated in a randomized phase
II trial (ABC07(ISRCTN10639376) (https://doi.org/10.
1186/ISRCTN10639376).
TABLE 6 | SBRT in the treatment of cholangiocarcinoma.

Authors Study Nr of Lesions Nr. of Fractions Total Dose (Gy) LC@ 1year Median OS (months) Late Toxicity

Herfarth (190) P CCA:3 1 14–26 81%@18 months† n.r. No grade 3
Tse (191) P iCCA:10

eCCA:0
6 28–48 65% 15 1 biliary obstruction

1 bowel obstruction
Goodman (192) P iCCA:5

eCCA:0
1 18–30 77% 28.6 None

Goyal (193) R iCCA:3
eCCA:0

1–3 34 82%† n.r. none

Kopek (186) R iCCA:26
eCCA:1

3 45 85% 10.6 6 ulcerations
3 stenosis

Momm (194) R iCCA:0
eCCA:13

10–12 32–56 78% 33.5 1 Grade 3
5 cholangitis

Polistina (185) R iCCA:0
eCCA:10

3 30* 80%** 35.5 1 ulceration
2 stenosis

Dewas (195) R iCCA:6
eCCA:0

3 56 100% n.r. n.r.

Barney (189) R iCCA:6
eCCA:4

3–5 45–60 100% 15.5 1 Grade 3 biliary stenosis, 1 Grade 5
liver failure

Ibarra (183) R iCCA:11
eCCA:0

3 22–50 55.5% 11 3 Grad 3

Liu (196) R iCCA: 6 3–5 50–60 93%† n.r. 1 RILD
Jung (182) R iCCA:33

eCCA:25±
1–5 15–60 85% 10 6 Grade 3 (ulceration,

cholangitis, stenosis,
perforation)

Mahadevan (181) R iCCA:31
eCCA:11

3–5 24–45 88% 17 4 Grade 3 (ulceration,
cholangitis, abscess)

Weiner (197) P iCCA:12
eCCA:0

5 40–55 91%§ 13.2 1 hepatic failure§
1 biliary stricture

Sandler (180) R iCCA:6
eCCA:25

5 40 78% 15.7 5 Grade ≥ 3

Gkika (176) R iCCA:17
eCCA: 26

3–12 21–66 78% 14 3 Grade ≥ 3

Shen (198) R iCCA:28 3–5 36–45 89.3%*** 15 No grade 3
Brunner
(177)

R iCCA:45
eCCA:34
n.a.:7

3–17 67.2 **** 95% 15 No grade 3
Decembe
R, retrospective; P, prospective; IHCCC, intrahepatic cholangiocarcinoma; EHCCC, extrahepatic cholangiocarcinoma.
*concurrent Gemcitabine.
**local response ratio.
***disease control rate.
****biological effective radiation dose.
±5 patients treated with conventional fractionation with a stereotactic boost.
§In this study SBRT was performed also in patients with hepatocellular carcinoma. LC and toxicities are reported for the whole group of patients including hepatocellular and
cholangiocarcinoma.
†mixed collective, including hepatocellular carcinomas and metastases.
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Brachytherapy
Several retrospective studies have evaluated the role EBRT,
typically 30–40 Gy in 1.8–2 Gy with a brachytherapy boost.
For BT, the dose commonly used is 15–20 Gy prescribed to the
BT related PTV, generally over 2–3 treatments (HDR-BT) (130,
199). In a prospective phase I study by Mattiucci (200),
investigating three different dose levels (15, 20, and 25 Gy) for
HDR BT with 192Ir, recommended a dose of 25 Gy in five
fractions (maximum dose level), as no dose limiting toxicities
were reported up to this dose level. The median OS for these
patients was 12 months. In a propensity score, matched pair
analysis comparing patients receiving EBRT vs. EBRT and BT in
unresectable BTC the addition of BT to EBRT had no impact on
OS or disease specific survival but was associated with a better LC
after 2 years (201, 202). Furthermore, BT can be used in the
treatment of malignant obstructive jaundice (203). Intraluminal
brachytherapy might increase the risk of cholangitis, pain,
duodenopathy, and bleeding (130). Late complications such as
bile duct stenosis or stricture were also observed (130, 199).

Particle Therapy Including Proton Therapy
Another treatment option for dose escalation in unresectable
cholangiocarcinoma is the use of proton beam radiation (PBT)
therapy. Initial studies (204–206) including also patients treated
in palliative intent showed promising results (Table 7). In more
recent studies, Hung et al. (209) treated 30 patients with a
median radiation dose of 72.6 cobalt gray equivalents. The 1
year local control achieved was 88% similar to the SBRT series
with a median OS survival of 19.3 months. Three and two
patients had grade III-IV toxicities and radiation-induced liver
disease. There were no deaths caused by PBT or concurrent
chemotherapy. Patients who received concurrent chemotherapy
had a better median PFS (12.1 vs. 4.7 months). Furthermore, in a
multi-institutional phase II study patients with iCCA treated
with high dose hypo-fractionated PBT achieved a LC of 94.1% at
2 years and a 2 years OS of 46.5%, with limited toxicities (4.8%
grade 3 toxicity) (209). There were no grade-4 or grade-5
radiation-related toxicities (209). The Japan Carbon Ion
Radiation Oncology Study Group (J-CROS) investigated the
role of Carbon -ion therapy for 56 patients with intrahepatic
(27 patients) and perihilar (29 patients) cholangiocarcinoma
(208). Most patients were treated to a total dose of 76 GyE in
20 fractions, with a median survival of 23.8 months for
Frontiers in Oncology | www.frontiersin.org 11
intrahepatic cholangiocarcinoma and 12.6 months in perihilar
disease. No patients underwent resection. There was one case of
death due to liver injury and one grade 3 bile duct stenosis.
Results are summarized in Table 7.
DISCUSSION AND FUTURE
PERSPECTIVES

High loco-regional disease recurrence rates after R1 resection
provide a rationale for using adjuvant radiotherapy with
chemotherapy. Evidence from the Phase II SWOG S0809 (85)
trial have demonstrated efficacy of gemcitabine and capecitabine
followed by concurrent capecitabine and radiotherapy. The
2-year OS of 65% (67% and 60% in R0 and R1, respectively)
and LR rates at 2 years of 11% (95% CI, 4 to18%) overall, 9%
(95% CI, 2 to 17%) for R0, and 16% (95% CI, 2 to 30%) for R1
were significantly higher than the rates expected based on
historical controls (84) with low toxicity rates. Currently there
are no published randomized data testing the efficacy of adjuvant
chemoradiation after R1 resection, as these trials are ongoing.
In the phase III ACTICCA-1 trial adjuvant chemotherapy
with gemcitabine and cisplatin compared to standard of care
after curative intent resection of cholangiocarcinoma and
muscle invasive gallbladder carcinoma has recently embedded
a radiotherapy sub-study (NCT02170090 randomizing
between adjuvant CRT vs. chemotherapy in EHCC and
GBC (NCT02798510).

In the locally advanced inoperable cholangiocarcinoma
neoadjuvant chemoradiation might confer a benefit in terms of
downsizing with consecutive assessment of resectability, but this
concept should be further evaluated within clinical trials. A
prospective registry study is evaluating induction gemcitabine
followed by 5-FU-based CCRT and maintenance capecitabine
prior to LT in unresectable CCA (NCT00301379). Another
randomized prospective multi -centre study is ongoing with an
aim to compare 5-year OS and 3-year RFS between resection vs.
CCRT followed by LT in hCCA (NCT02232932), while in a
further trial the role of neoadjuvant chemoradiotherapy with
concomitant oral capecitabine followed by gemcitabine in the
treatment of unresectable hCCA is being evaluated prior to
LT (NCT04378023).
TABLE 7 | Proton therapy in the treatment of cholangiocarcinoma.

Authors Study Nr of patients Dose Chemotherapy OS LC

Makita (204) R 28 68.2 Gy RBE 15 patients 49%@1 year 67.7%@1 year
Ohkawa (205) R 20 72.6 GyE 4 patients Median 27.5 months (curative group)

9.6 mnths (palliative group)
60%@2 years (curative group)

Hong (207) Ph II 37 58 GyE none 46.5%@2years 94.1@2years
Kasuya (208) R 56 76 Gy RBE none Median: 14.8 months 79.4%@1year

58.2%@2years
Shimizu (206) R 37 72.6 GyE 16 patients 60.3%@1year 71.5%@2years

(curative group)
Hung (209) R 30 72.6 GyE 77% 19.3 months (median) 88%@1 year
December 2020
GyE, Gray equivalents; RBE, relative biological effectiveness.
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In patients with inoperable disease, several studies have shown
that dose escalation might lead to a survival benefit (175, 177). A
Phase III trial from India is ongoing comparing intensity-
modulated radiation therapy with weekly gemcitabine and
systemic chemotherapy vs. systemic chemotherapy alone in
unresectable cholangiocarcinoma (NCT02773485). Forms of
safe dose escalation might include the use of a simultaneous
integrated boost (SIB) or the use of brachytherapy after external
radiotherapy or proton therapy with encouraging results. The use
of hypo-fractionation or SBRT leads to high rates of disease
control with reduced toxicity and is currently being prospectively
evaluated in several trials such as the STRONG trial
(NCT03307538) or the LAPIS trial (DRKS00011266). Due to
the short treatment time, hypo-fractionation including SBRT can
be easily incorporated into systemic treatments. Moreover,
ionizing radiation, beside cytotoxicity, has been shown to
additionally induce immune-modulatory effects, which trigger
anti-tumor immune responses (210–215). The potentiation of
anti-tumor immune responses can cause immunogenic cell death
of cancer cells, change the tumor immune microenvironment,
and alter antigen presentation of the tumor cells, thus enhancing
immunogenicity of the tumor (216, 217). SBRT, by applying a
high single dose with a few but more than one fractions, seems to
have the potential to lead to an activation of specific T-cell
response in the tumor (218–220). Thus, SBRT might be
particularly attractive for combinations with checkpoint
inhibitors. Furthermore, the short treatment interval seems to
be favourable for a T-cell response. The immunomodulatory
effects of SBRT are currently evaluated of LAPIS trial
(DRKS00011266). In a Phase I/II Study (NCT04068194)
patients with advanced/metastatic solid tumors and
hepatobiliary malignancies including cholangiocarcinomas are
Frontiers in Oncology | www.frontiersin.org 12
treated with hypo-fractionated radiation in combination with
M3814 and avelumab another trial is investigating the
combination of hypo-fractionated RT with modified Immune
Cells (Autologous Dendritic Cells) and a Vaccine (Prevnar) in
patients with liver tumos (NCT03942328) including CCAs. The
combination of chemotherapy with normo-fractionated RT or
SBRT and the anti-PD-1 Antibody Camrelizumab is currently
investigated in another prospective trial (NCT03898895).
However, the mode of cell death and the systemic effects
induced by ionizing irradiation are not uniform, and it clearly
depends on the irradiation dose, the fractionation regimen, and
the genetic repertoire of the irradiated cells (221).

In the past decade, the genetic landscape of cholangiocarcinoma
subtypes has evolved and promising molecular targets for precision
medicine have been identified. As the molecular classification and
liquid biopsies are being gradually integrated in the treatment of
solid tumors, efforts should be focused in identifying biomarkers to
aid patients’ selection for radiotherapy or combined treatments
such as SBRT with checkpoint inhibitors.
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margins alter outcome in lymph node-negative cholangiocarcinoma when
resection is combined with adjuvant radiotherapy. Am J Clin Oncol (2005)
28(1):21–3. doi: 10.1097/01.coc.0000139017.90599.f5

118. Frosio F, Mocchegiani F, Conte G, Bona ED, Vecchi A, Nicolini D, et al.
Neoadjuvant therapy in the treatment of hilar cholangiocarcinoma: Review
December 2020 | Volume 10 | Article 604387

https://doi.org/10.1200/JCO.2005.01.5354
https://doi.org/10.1200/JCO.2005.01.5354
https://doi.org/10.1055/s-2008-1040466
https://doi.org/10.1097/00000658-199403000-00006
https://doi.org/10.1097/00000658-199403000-00006
https://doi.org/10.1097/00000658-199506000-00017
https://doi.org/10.1097/00000658-199506000-00017
https://doi.org/10.1002/(sici)1520-6823(1998)6:53.0.Co;2-r
https://doi.org/10.1002/(sici)1520-6823(1998)6:53.0.Co;2-r
https://doi.org/10.1016/S0360-3016(99)00472-1
https://doi.org/10.1016/s0360-3016(02)02952-8
https://doi.org/10.1016/s0360-3016(02)02952-8
https://doi.org/10.1067/msy.2002.127555
https://doi.org/10.1007/s00268-002-6434-1
https://doi.org/10.1007/s00268-002-6434-1
https://doi.org/10.1097/01.Coc.0000026833.73428.1f
https://doi.org/10.1007/s10620-005-3040-8
https://doi.org/10.1007/s10620-005-3040-8
https://doi.org/10.1016/j.ijrobp.2004.12.059
https://doi.org/10.1016/j.ijrobp.2004.12.059
https://doi.org/10.1007/s00595-005-2989-4
https://doi.org/10.1016/j.ijrobp.2006.05.061
https://doi.org/10.4103/0973-1482.25850
https://doi.org/10.4103/0973-1482.25850
https://doi.org/10.1245/aso.2006.05.053
https://doi.org/10.1016/j.ejso.2006.09.033
https://doi.org/10.1016/j.ejso.2006.09.033
https://doi.org/10.1245/s10434-008-9998-7
https://doi.org/10.1245/s10434-008-9998-7
https://doi.org/10.1016/j.ijrobp.2008.10.052
https://doi.org/10.1016/j.ijrobp.2008.10.052
https://doi.org/10.1016/j.ijrobp.2008.07.008
https://doi.org/10.1016/j.ijrobp.2008.07.008
https://doi.org/10.1186/1471-2407-11-267
https://doi.org/10.1016/j.ijrobp.2010.12.019
https://doi.org/10.1016/j.ijrobp.2010.12.019
https://doi.org/10.1016/j.hpb.2016.07.008
https://doi.org/10.1016/j.hpb.2016.07.008
https://doi.org/10.4143/crt.2015.091
https://doi.org/10.4143/crt.2016.166
https://doi.org/10.4143/crt.2016.166
https://doi.org/10.1016/j.ijrobp.2017.09.029
https://doi.org/10.1007/s12094-017-1815-y
https://doi.org/10.2147/CMAR.S172940
https://doi.org/10.1097/MD.0000000000016673
https://doi.org/10.1097/01.coc.0000139017.90599.f5
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gkika et al. Radiation Therapy in Biliary Tract Cancer
of the literature.World J Gastrointest Surg (2019) 11(6):279–86. doi: 10.4240/
wjgs.v11.i6.279

119. Sahai P, Kumar S. External radiotherapy and brachytherapy in the
management of extrahepatic and intrahepatic cholangiocarcinoma:
available evidence. Br J Radiol (2017) 90:20170061. doi: 10.1259/
bjr.20170061

120. Grendar J, Grendarova P, Sinha R, Dixon E. Neoadjuvant therapy for
downstaging of locally advanced hilar cholangiocarcinoma: a systematic
review. HPB (2014) 16(4):297–303. doi: 10.1111/hpb.12150

121. McMasters KM, Tuttle TM, Leach SD, Rich T, Cleary KR, Evans DB, et al.
Neoadjuvant chemoradiation for extrahepatic cholangiocarcinoma. Am J
Surg (1997) 174(6):605–8; discussion 8-9. doi: 10.1016/s0002-9610(97)
00203-1

122. Jung JH, Lee HJ, Lee HS, Jo JH, Cho IR, Chung MJ, et al. Benefit of
neoadjuvant concurrent chemoradiotherapy for locally advanced perihilar
cholangiocarcinoma. World J Gastroenterol (2017) 23(18):3301–8.
doi: 10.3748/wjg.v23.i18.3301

123. Sumiyoshi T, Shima Y, Okabayashi T, Negoro Y, Shimada Y, Iwata J, et al.
Chemoradiotherapy for Initially Unresectable Locally Advanced
Cholangiocarcinoma. World J Surg (2018) 42(9):2910–8. doi: 10.1007/
s00268-018-4558-1

124. Katayose Y, Rikiyama T, Motoi F, Yamamoto K, Yoshida H, Morikawa T,
et al. Phase I trial of neoadjuvant chemoradiation with gemcitabine and
surgical resection for cholangiocarcinoma patients (NACRAC study).
Hepato-gastroenterology (2011) 58(112):1866–72. doi: 10.5754/hge10106

125. Sudan D, DeRoover A, Chinnakotla S, Fox I, Shaw J, McCashland T, et al.
Radiochemotherapy and Transplantation Allow Long-Term Survival For
Nonresectable Hilar Cholangiocarcinoma. Am J Transplant (2002) 2:
(8):774–9. doi: 10.1034/j.1600-6143.2002.20812.x

126. Welling TH, Feng M, Wan S, Hwang SY, Volk ML, Lawrence TS, et al.
Neoadjuvant stereotactic body radiation therapy, capecitabine, and liver
transplantation for unresectable hilar cholangiocarcinoma. Liver Transplant
(2014) 20(1):81–8. doi: 10.1002/lt.23757

127. De Vreede I, Steers JL, Burch PA, Rosen CB, Gunderson LL, Haddock MG,
et al. Prolonged disease-free survival after orthotopic liver transplantation
plus adjuvant chemoirradiation for cholangiocarcinoma. Liver Transplant
(2000) 6(3):309–16. doi: 10.1053/lv.2000.6143

128. Heimbach JK, Gores GJ, Haddock MG, Alberts SR, Nyberg SL, Ishitani MB,
et al. Liver transplantation for unresectable perihilar cholangiocarcinoma.
Semin Liver Dis (2004) 24(2):201–7. doi: 10.1055/s-2004-828896

129. Wu DH, Liu L, Chen LH. Therapeutic effects and prognostic factors in three-
dimensional conformal radiotherapy combined with transcatheter arterial
chemoembolization for hepatocellular carcinoma. World J Gastroenterol
(2004) 10(15):2184–9. doi: 10.3748/wjg.v10.i15.2184

130. Mukewar S, Gupta A, Baron TH, Gores G, Furutani K, Haddock MG, et al.
Endoscopically inserted nasobiliary catheters for high dose-rate brachytherapy
as part of neoadjuvant therapy for perihilar cholangiocarcinoma. Endoscopy
(2015) 47(10):878–83. doi: 10.1055/s-0034-1392044

131. Wu Y, Johlin FC, Rayhill SC, Jensen CS, Xie J, Cohen MB, et al. Long-term,
tumor-free survival after radiotherapy combining hepatectomy-Whipple en
bloc and orthotopic liver transplantation for early-stage hilar
cholangiocarcinoma. Liver Transplant (2008) 14(3):279–86. doi: 10.1002/
lt.21287

132. Sharma A, Dwary AD, Mohanti BK, Deo SV, Pal S, Sreenivas V, et al. Best
supportive care compared with chemotherapy for unresectable gall bladder
cancer: a randomized controlled study. Journal of clinical oncology: official
journal of the. Am Soc Clin Oncol (2010) 28(30):4581–6. doi: 10.1200/
jco.2010.29.3605

133. Glimelius B, Hoffman K, Sjödén PO, Jacobsson G, Sellström H, Enander LK,
et al. Chemotherapy improves survival and quality of life in advanced
pancreatic and biliary cancer. Ann Oncol (1996) 7(6):593–600.
doi: 10.1093/oxfordjournals.annonc.a010676

134. Koeberle D, Saletti P, Borner M, Gerber D, Dietrich D, Caspar CB, et al.
Patient-reported outcomes of patients with advanced biliary tract cancers
receiving gemcitabine plus capecitabine: a multicenter, phase II trial of the
Swiss Group for Clinical Cancer Research. J Clin Oncol (2008) 26(22):3702–
8. doi: 10.1200/JCO.2008.16.5704
Frontiers in Oncology | www.frontiersin.org 16
135. Eckel F, Schmid RM. Chemotherapy in advanced biliary tract carcinoma: a
pooled analysis of clinical trials. Br J Cancer (2007) 96(6):896–902.
doi: 10.1038/sj.bjc.6603648

136. Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa S, Funakoshi A,
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(4):469–74. doi: 10.1038/sj.bjc.6605779

137. Valle JW, Furuse J, Jitlal M, Beare S, Mizuno N, Wasan H, et al. Cisplatin and
gemcitabine for advanced biliary tract cancer: a meta-analysis of two
randomised trials. Ann Oncol (2014) 25(2):391–8. doi: 10.1093/annonc/
mdt540

138. Shroff RT, Javle MM, Xiao L, Kaseb AO, Varadhachary GR, Wolff RA, et al.
Gemcitabine, Cisplatin, and nab-Paclitaxel for the Treatment of Advanced
Biliary Tract Cancers: A Phase 2 Clinical Trial. JAMA Oncol (2019) 5(6):824–
30. doi: 10.1001/jamaoncol.2019.0270

139. Phelip J-M, Edeline J, Blanc J-F, Barbier E, Michel P, Bourgeois V, et al.
Modified FOLFIRINOX versus CisGem first-line chemotherapy for locally
advanced non resectable or metastatic biliary tract cancer (AMEBICA)-
PRODIGE 38: Study protocol for a randomized controlled multicenter phase
II/III study. Dig Liver Dis (2019) 51(2):318–20. doi: 10.1016/j.dld.2018.
11.018

140. Perkhofer L, Berger AW, Beutel AK, Gallmeier E, Angermeier S, Fischer von
Weikersthal L, et al. Nal-IRI with 5-fluorouracil (5-FU) and leucovorin or
gemcitabine plus cisplatin in advanced biliary tract cancer - the NIFE trial
(AIO-YMO HEP-0315) an open label, non-comparative, randomized,
multicenter phase II study. BMC Cancer (2019) 19(1):990. doi: 10.1186/
s12885-019-6142-y

141. Gruenberger B, Schueller J, Heubrandtner U, Wrba F, Tamandl D,
Kaczirek K, et al. Cetuximab, gemcitabine, and oxaliplatin in patients with
unresectable advanced or metastatic biliary tract cancer: a phase 2 study.
Lancet Oncol (2010) 11(12):1142–8. doi: 10.1016/S1470-2045(10)70247-3

142. Malka D, Cervera P, Foulon S, Trarbach T, de la Fouchardière C, Boucher E,
et al. Gemcitabine and oxaliplatin with or without cetuximab in advanced
biliary-tract cancer (BINGO): a randomised, open-label, non-comparative
phase 2 trial. Lancet Oncol (2014) 15(8):819–28. doi: 10.1016/s1470-2045(14)
70212-8

143. Valle JW, Wasan H, Lopes A, Backen AC, Palmer DH, Morris K, et al.
Cediranib or placebo in combination with cisplatin and gemcitabine
chemotherapy for patients with advanced biliary tract cancer (ABC-03): a
randomised phase 2 trial. Lancet Oncol (2015) 16(8):967–78. doi: 10.1016/
s1470-2045(15)00139-4

144. Moehler M, Maderer A, Schimanski C, Kanzler S, Denzer U, Kolligs FT, et al.
Gemcitabine plus sorafenib versus gemcitabine alone in advanced biliary
tract cancer: a double-blind placebo-controlled multicentre phase II AIO
study with biomarker and serum programme. Eur J Cancer (2014) 50
(18):3125–35. doi: 10.1016/j.ejca.2014.09.013

145. Sun W, Patel A, Normolle D, Patel K, Ohr J, Lee JJ, et al. A phase 2 trial of
regorafenib as a single agent in patients with chemotherapy-refractory,
advanced, and metastatic biliary tract adenocarcinoma. Cancer (2019) 125
(6):902–9. doi: 10.1002/cncr.31872

146. Goyal L, Shi L, Liu LY, Fece de la Cruz F, Lennerz JK, Raghavan S,
et al. TAS-120 Overcomes Resistance to ATP-Competitive FGFR
Inhibitors in Patients with FGFR2 Fusion-Positive Intrahepatic
Cholangiocarcinoma. Cancer Discov (2019) 9(8):1064–79. doi: 10.1158/
2159-8290.Cd-19-0182

147. Abou-Alfa GK, Sahai V, Hollebecque A, Vaccaro G, Melisi D, Al-Rajabi R,
et al. Pemigatinib for previously treated, locally advanced or metastatic
cholangiocarcinoma: a multicentre, open-label, phase 2 study. Lancet Oncol
(2020) 21(5):671–84. doi: 10.1016/S1470-2045(20)30109-1

148. Ntanasis-Stathopoulos I, Tsilimigras DI, Gavriatopoulou M, Schizas D,
Pawlik TM. Cholangiocarcinoma: investigations into pathway-targeted
therapies. Expert Rev Anticancer Ther (2020) 20(9):765–73. doi: 10.1080/
14737140.2020.1807333

149. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al.
Mismatch repair deficiency predicts response of solid tumors to PD-1
blockade. Science (N Y NY) (2017) 357(6349):409–13. doi: 10.1126/
science.aan6733
December 2020 | Volume 10 | Article 604387

https://doi.org/10.4240/wjgs.v11.i6.279
https://doi.org/10.4240/wjgs.v11.i6.279
https://doi.org/10.1259/bjr.20170061
https://doi.org/10.1259/bjr.20170061
https://doi.org/10.1111/hpb.12150
https://doi.org/10.1016/s0002-9610(97)00203-1
https://doi.org/10.1016/s0002-9610(97)00203-1
https://doi.org/10.3748/wjg.v23.i18.3301
https://doi.org/10.1007/s00268-018-4558-1
https://doi.org/10.1007/s00268-018-4558-1
https://doi.org/10.5754/hge10106
https://doi.org/10.1034/j.1600-6143.2002.20812.x
https://doi.org/10.1002/lt.23757
https://doi.org/10.1053/lv.2000.6143
https://doi.org/10.1055/s-2004-828896
https://doi.org/10.3748/wjg.v10.i15.2184
https://doi.org/10.1055/s-0034-1392044
https://doi.org/10.1002/lt.21287
https://doi.org/10.1002/lt.21287
https://doi.org/10.1200/jco.2010.29.3605
https://doi.org/10.1200/jco.2010.29.3605
https://doi.org/10.1093/oxfordjournals.annonc.a010676
https://doi.org/10.1200/JCO.2008.16.5704
https://doi.org/10.1038/sj.bjc.6603648
https://doi.org/10.1038/sj.bjc.6605779
https://doi.org/10.1093/annonc/mdt540
https://doi.org/10.1093/annonc/mdt540
https://doi.org/10.1001/jamaoncol.2019.0270
https://doi.org/10.1016/j.dld.2018.11.018
https://doi.org/10.1016/j.dld.2018.11.018
https://doi.org/10.1186/s12885-019-6142-y
https://doi.org/10.1186/s12885-019-6142-y
https://doi.org/10.1016/S1470-2045(10)70247-3
https://doi.org/10.1016/s1470-2045(14)70212-8
https://doi.org/10.1016/s1470-2045(14)70212-8
https://doi.org/10.1016/s1470-2045(15)00139-4
https://doi.org/10.1016/s1470-2045(15)00139-4
https://doi.org/10.1016/j.ejca.2014.09.013
https://doi.org/10.1002/cncr.31872
https://doi.org/10.1158/2159-8290.Cd-19-0182
https://doi.org/10.1158/2159-8290.Cd-19-0182
https://doi.org/10.1016/S1470-2045(20)30109-1
https://doi.org/10.1080/14737140.2020.1807333
https://doi.org/10.1080/14737140.2020.1807333
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1126/science.aan6733
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Gkika et al. Radiation Therapy in Biliary Tract Cancer
150. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-
1 Blockade in Tumors with Mismatch-Repair Deficiency. New Engl J Med
(2015) 372(26):2509–20. doi: 10.1056/NEJMoa1500596

151. Sicklick JK, Kato S, Okamura R, Schwaederle M, Hahn ME, Williams CB,
et al. Molecular profiling of cancer patients enables personalized
combination therapy: the I-PREDICT study. Nat Med (2019) 25(5):744–
50. doi: 10.1038/s41591-019-0407-5

152. Fields JN, Emami B. Carcinoma of the extrahepatic biliary system—results of
primary and adjuvant radiotherapy. Int J Radiat Oncol Biol Phys (1987) 13
(3):331–8. doi: 10.1016/0360-3016(87)90006-X

153. Veeze-Kuijpers B, Meerwaldt JH, Lameris JS, Van Blankenstein M, Van
Putten WLJ, Terpstra OT. The role of radiotherapy in the treatment of bile
duct carcinoma. Int J Radiat Oncol Biol Phys (1990) 18(1):63–7. doi: 10.1016/
0360-3016(90)90268-O

154. Buskirk SJ, Gunderson LL, Schild SE, Bender CE, Williams HJJ, Mcilrath DC,
et al. Analysis of Failure After Curative Irradiation of Extrahepatic Bile Duct
Carcinoma. Ann Surg (1992) 215(2):125–31. doi: 10.1097/00000658-
199202000-00006

155. Alden ME, Mohiuddin M. The impact of radiation dose in combined
external beam and intraluminal Ir-192 brachytherapy for bile duct cancer.
Int J Radiat Oncol Biol Phys (1994) 28(4):945–51. doi: 10.1016/0360-3016
(94)90115-5

156. Fritz P, Brambs H-J, Schraube P, Freund U, Berns C, Wannenmacher M.
Combined external beam radiotherapy and intraluminal high dose rate
brachytherapy on bile duct carcinomas. Int J Radiat Oncol Biol Phys
(1994) 29(4):855–61. doi: 10.1016/0360-3016(94)90576-2

157. Foo ML, Gunderson LL, Bender CE, Buskirk SJ. External radiation therapy
and transcatheter iridium in the treatment of extrahepatic bile duct
carcinoma. Int J Radiat Oncol Biol Phys (1997) 39(4):929–35. doi: 10.1016/
S0360-3016(97)00299-X

158. Morganti AG, Trodella L, Valentini V, Montemaggi P, Costamagna G,
Smaniotto D, et al. Combined modality treatment in unresectable
extrahepatic biliary carcinoma. Int J Radiat Oncol Biol Phys (2000) 46
(4):913–9. doi: 10.1016/S0360-3016(99)00487-3

159. Crane CH, Macdonald KO, Vauthey JN. Limitations of conventional doses of
chemoradiation for unresectable biliary cancer. Int J Radiat Oncol Biol Phys
(2002) 53(4):969–74. doi: 10.1016/s0360-3016(02)02845-6

160. Shin HS, Seong J, Kim WC, Lee HS, Moon SR, Lee IJ, et al. Combination of
external beam irradiation and high-dose-rate intraluminal brachytherapy for
inoperable carcinoma of the extrahepatic bile ducts. Int J Radiat Oncol Biol
Phys (2003) 57(1):105–12. doi: 10.1016/S0360-3016(03)00410-3

161. Takamura A, Saito H, Kamada T, Hiramatsu K, Takeuchi S, Hasegawa M,
et al. Intraluminal low-dose-rate 192Ir brachytherapy combined with
external beam radiotherapy and biliary stenting for unresectable
extrahepatic bile duct carcinoma. Int J Radiat Oncol Biol Phys (2003) 57
(5):1357–65. doi: 10.1016/S0360-3016(03)00770-3

162. Brunner TB, Schwab D, Meyer T, Sauer R. Chemoradiation may prolong
survival of patients with non-bulky unresectable extrahepatic biliary
carcinoma. A retrospective analysis. Strahlenther und Onkol Organ der
Deutschen Rontgengesellschaft [et al] (2004) 180(12):751–7. doi: 10.1007/
s00066-004-1315-1

163. Baisden JM, Kahaleh M, Weiss GR, Sanfey H, Moskaluk CA, Yeaton P, et al.
Multimodality Treatment With Helical Tomotherapy Intensity Modulated
Radiotherapy, Capecitabine, and Photodynamic Therapy is Feasible and
Well Tolerated in Patients With Hilar Cholangiocarcinoma. Gastrointest
Cancer Res (2008) 2(5):219–24.

164. Moureau-Zabotto L, Turrini O, Resbeut M, Raoul J-L, Giovannini M, Poizat F,
et al. Impact of radiotherapy in the management of locally advanced
extrahepatic cholangiocarcinoma. BMC Cancer (2013) 13:568–.
doi: 10.1186/1471-2407-13-568

165. Ghafoori AP, Nelson JW, Willett CG, Chino J, Tyler DS, Hurwitz HI, et al.
Radiotherapy in the Treatment of Patients With Unresectable Extrahepatic
Cholangiocarcinoma. Int J Radiat Oncol Biol Phys (2011) 81(3):654–9.
doi: 10.1016/j.ijrobp.2010.06.018

166. Yi SW, Kang DR, Kim KS, Park MS, Seong J, Park JY, et al. Efficacy of
concurrent chemoradiotherapy with 5-fluorouracil or gemcitabine in locally
advanced biliary tract cancer. Cancer Chemother Pharmacol (2014) 73
(1):191–8. doi: 10.1007/s00280-013-2340-5
Frontiers in Oncology | www.frontiersin.org 17
167. Phelip J-M, Vendrely V, Rostain F, Subtil F, Jouve J-L, Gasmi M, et al.
Gemcitabine plus cisplatin versus chemoradiotherapy in locally advanced
biliary tract cancer: Fédération Francophone de Cancérologie Digestive 9902
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