
Abstract. Aim: To report initial results of hypofractionated
carbon ion radiotherapy (C-ion RT) for cholangiocarcinoma.
Patients and Methods: Data regarding seven patients with
cholangiocarcinoma treated by C-ion RT were analyzed.
Prescribed doses were 52.8 Gy [relative biological
effectiveness (RBE)] or 60.0 Gy (RBE) in four fractions for
intrahepatic cases and 12 fractions for hilar hepatic/close to
gastro-intestinal tract cases. Local control and overall survival
were evaluated and toxicity was graded using Common
Terminology Criteria for Adverse Events, version 4.0. Results:
The median follow-up period was 16 months. There were two
patients with stage I cancer, one with stage II, one with stage
III, and three with stage IVA. Local control was achieved in
five out of seven patients (71%) and survival was maintained
in six out of seven patients (86%). There were no occurrences
of acute or late toxicity of grade 3 or higher. Conclusion:
Initial results show that hypofractionated C-ion RT appears to
be tolerated and effective for cholangiocarcinoma.

Cholangiocarcinoma is a relatively rare neoplasm that arises
from the bile duct epithelium and generally carries a poor
prognosis (1). Surgical resection is the only established
curative therapy, but due to rapid disease progression without
symptoms, most patients are diagnosed with disease at
unresectable advanced stages (2, 3). Radiofrequency ablation
(RFA) with or without photodynamic therapy, trans-arterial

chemoembolization (TACE), yttrium-90 radioembolization,
brachytherapy with external-beam radiotherapy (EBRT) and
EBRT with or without chemotherapy have been used to treat
patients with unresectable disease (4-11). The 1-year overall
survival rate ranges from 36% to 53% for patients treated
with TACE, yttrium-90 radioembolization, and EBRT with
or without chemotherapy (5-10). The 1-year overall survival
rate for those treated with RFA is 80% and is 65% for
brachytherapy with EBRT for selected patients, such as those
with intrahepatic small tumors (4, 11). In general, application
of RFA and brachytherapy to cholangiocarcinoma is limited
and results of other therapies are insufficient. 

To improve the efficacy of RT, a higher dose may be
necessary because cholangiocarcinoma is resistant to
conventionally fractionated X-ray RT (9). However, it is difficult
to deliver an adequate dose to the tumor and spare surrounding
normal tissue using conventional methods (12), hence
stereotactic body radiotherapy (SBRT) with X-ray and proton
beam therapy (PBT) have been attempted to overcome this
obstacle (12-17). However, such high doses per fraction may be
associated with toxicity due to limited dose localization in X-
ray SBRT (14), and PBT requires a long overall treatment
period due to the dose fractionation schedule (15-17). On the
other hand, carbon-ion radiotherapy (C-ion RT) has been used
to treat liver and pancreatic cancer since 1995 at the National
Institute of Radiological Sciences in Japan, and has shown
favorable results within a relatively short overall treatment
period by taking advantage of its superior dose localization and
higher relative biological effectiveness (RBE) compared with
X-rays and protons (18, 19). With C-ion RT, it might be possible
to deliver an adequate dose to the tumor while minimizing the
dose to surrounding normal tissues when treating
cholangiocarcinoma by application with method of C-ion RT
for hepatocellular carcinoma (20). Based on this, we have
applied hypofractionated C-ion RT to treat cholangiocarcinoma
cases since 2013. Here we report the initial results of using
hypofractionated C-ion RT for cholangiocarcinoma.
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Patients and Methods

Patients. This study retrospectively analyzed patients with
cholangiocarcinoma who were treated by hypofractionated C-ion RT
at Gunma University Heavy Ion Medical Center (GHMC) from
2013 to 2015. All patients were treated and monitored according to
the protocol approved by the Gunma University Hospital
Institutional Review Board. Eligibility criteria were: i)
cholangiocarcinoma confirmed by histology or clinical examination;
ii) locally advanced cholangiocarcinoma without intrahepatic
metastasis or distant metastasis; iii) medical inoperability due to co-
morbidity, or inoperability due of wide tumor extension; iv) no
findings suggesting direct infiltration of the gastro-intestinal (GI)
tract; v) good general condition with performance status ≤2 in the
Eastern Cooperative Oncology Group classification; and vi) Child-
Pugh classification A or B. Adjuvant and neoadjuvant chemotherapy
were allowed in this study. Written informed consent was acquired
from all patients prior to C-ion RT.

Treatment. C-ion RT dose is described herein in Gy (RBE), which is
calculated by multiplying the carbon absorbed dose by an RBE of
three. Prescribed doses were 52.8 Gy (RBE) or 60.0 Gy (RBE) in
four fractions for intrahepatic cases and 12 fractions for hilar
hepatic/close to GI-tract cases. Doses per fraction ranged from 4.4
to 15 Gy (RBE). Carbon ion beams were accelerated using the
synchrotron at GHMC. Beam energies were 290 MeV/u, 380 MeV/u,
and 400 MeV/u, determined individually for each patient based on

tumor depth. Patients were immobilized using fixation cushions and
thermoplastic shells of 3-mm thickness. Treatment planning
computed tomography (CT) under free respiration and respiratory-
gated CT images were taken after immobilization. Contrast-enhanced
CT images were taken concurrently and merged with the treatment
planning CT to define gross tumor volume (GTV). The clinical target
volume (CTV) margin, including subclinical tumor invasion, was
added to the GTV, with an additional 10 mm in all directions. The
internal margin was added as the extent of tumor motion shown in
four-dimensional CT images. The planning target volume (PTV) was
defined as a summation of the CTV, internal margin, and setup
margin. Dose constraints were: i) D1 cm3 <40 Gy (RBE) to the GI
tract; ii) Dmax <52.8 Gy (RBE) to the secondary branch of the portal
vein and common bile duct; iii) V20 <35% to the liver; and iv) Dmax
<45 Gy (RBE) to the skin. When tumors were located near the GI
tract, priority was given to sparing the GI tract rather than covering
the PTV with the prescribed dose. For daily patient position
matching, fiducial gold marker was inserted in the liver. Matching
of the position of the fiducial marker was confirmed every day with
two-directional X-ray images taken immediately before treatment.

Evaluation. All patients were admitted to the Gunma University
Hospital and acute toxicity was assessed daily during treatment.
After treatment, blood tests and abdominal diagnostic imaging such
as CT, magnetic resonance imaging, or fluoro-deoxyglucose
position-emission tomography/CT were performed every 3 months
for the first year and every 6 months thereafter. Acute and late
toxicity were classified using the National Cancer Institute’s
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Table I. Patients’ and tumor characteristics.

Case Gender Age T N M Stage Tumor Pathological Maximum tumor PTV Dose Gy(RBE)/
(years) location diagnosis diameter (cm) (cm3) no. of fractions

1 Male 79 3 0 0 III S1 Clinically diagnosed 7.6 304 52.8/4
2 Male 62 2a 1 0 IVA S4 CCC 4.6 148 60.0/4
3 Male 68 4 0 0 IVA S1 Clinically diagnosed 4.8 76 60.0/12
4 Male 71 2a 0 0 II S8 Clinically diagnosed 3.3 110 60.0/4
5 Male 76 1 0 0 I S4 CCC 3.9 84 60.0/4
6 Male 71 1 0 0 I S6 CCC 3.7 107 60.0/4
7 Male 50 4 1 0 IVA Hilar Clinically diagnosed 6.3 107 52.8/12

PTV: Planning target volume; CCC: cholangiocellular carcinoma.

Table II. Clinical outcomes.

Case Follow-up Outcome (months) Local recurrence Out-of-field intrahepatic recurrence Distant metastasis 

1 29 Alive NER NER NED
2 21 Alive NER Intrahepatic recurrence NED
3 12 Alive NER NER NED
4 13 Alive Local recurrence Intrahepatic recurrence NED
5 17 Died of disease Local recurrence NER Lung metastasis
6 16 Alive NER NER Para-aortic LN metastasis
7 7 Alive NER NER NED

NER: No evidence of recurrence; NED: no evidence of disease; LN: lymph node.



Common Terminology Criteria for Adverse Events, version 4.0 (21).
Local recurrence was defined as tumor regrowth in the irradiated
field confirmed by diagnostic imaging, and overall survival was
defined as the time interval between initiation of C-ion RT and the
last follow-up when the patient was alive.

Results

Patients. Data regarding six patients with intrahepatic
cholangiocarcinoma and one with hilar cholangiocarcinoma
treated with hypofractionated C-ion RT were retrospectively
analyzed. Patient and tumor characteristics are summarized
in Table I. The median patient age was 71 years (range=47-
83 years) and all patients were male. Tumor classification
was T1 in two patients, T2a in two, T3 in one and T4 in two
based on the Union for International Cancer Control
classification (Edition 7) (22). There were two patients with
stage I cancer, one with stage II, two with stage III, and
three with stage IVA. The mean tumor diameter and PTV
were 4.9 cm and 105 cm3, respectively (range=3.3-7.6 cm

and 76-304 cm3, respectively). The Child-Pugh category
was class 5-A in six patients and 6-A in one. Three patients
were histologically confirmed to have cholangiocellular
carcinoma, and four were clinically diagnosed with
cholangiocarcinoma by a multi-disciplinary discussion of
the institution’s Cancer Board. 

Treatment outcomes. A representative case is shown in
Figures 1-3. The median patient follow-up was 16 months
(range=7-29 months). Local control was achieved in five out
of seven patients (71%) and survival was maintained in six
out of seven patients (86%). The median progression-free
survival period and median overall survival periods after C-
ion RT were 9 months and 16 months, respectively. Of two
patients with poor local control, one developed intrahepatic
metastasis and the other developed distant metastasis and
died from their disease. Of five patients with good local
control, one developed intrahepatic metastasis and one
developed distant metastasis, but all were alive at the last
follow-up. These results are summarized in Table II.
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Figure 1. Computed tomographic image shows a bulky tumor (76 mm)
with enhancement effect in the S1 region of the liver. 

Figure 2. Treatment plan of carbon ion radiotherapy. The white line
indicates the planning target volume and the red line indicates the 95%
isodose line of the prescribed dose. 

Figure 3. Computed tomographic image taken 29 months after treatment
shows no evidence of recurrence.

Table III. Toxicity.

Grade 0 Grade 1 Grade 2 Grade ≥3

Acute toxicity, n
Radiation dermatitis 0 7 0 0
Nausea 5 2 0 0
Anorexia 7 0 0 0
Hepatobiliary disorder 
(cholangitis) 6 1 0 0

Transaminase elevation 6 1 0 0
Late toxicity, n

Hepatobiliary disorder 
(cholangitis) 7 0 0 0

Bile duct stenosis 6 0 1 0
Gastric/duodenal ulcer 7 0 0 0
Gastric/duodenal stenosis 7 0 0 0



Toxicity. All patients developed grade 1 acute radiation
dermatitis that resolved in a few weeks without medication.
Two patients experienced nausea during treatment that did
not require medication. One patient developed grade 1
hepatobiliary disorder (cholangitis) and elevation of
transaminase 1 month after treatment, and recovered without
medication. Monitoring for late toxicity showed no grade 3
or higher toxicity. Grade 2 bile duct stenosis was observed
in one patient; this patient developed jaundice 13 months
after treatment due to stenosis and required hospitalization,
but the condition resolved with supportive care. Cytology of
ascites fluid of this patient did not reveal malignant cells and
also resolved with supportive care. These toxicities are
summarized in Table III.

Discussion 

Conventional radiotherapy with or without chemotherapy is
one of the treatment options for unresectable cholangio-
carcinoma, but the outcome is still dissatisfactory, with a
median survival of 10 months (7-10). Crane et al. conducted a
retrospective analysis of definitive concurrent
chemoradiotherapy (CCRT) for unresectable cholangio-
carcinoma and concluded that the primary limitation of CCRT
was local disease control, thus dose escalation is needed (9).
However, intensive local therapy can result in significant
complications, leading to deterioration of treatment outcomes. 

Currently available studies of X-ray SBRT and PBT show
an 8-20% incidence of grade 3 or higher late toxicity (12-
17). Results of studies on X-ray SBRT and PBT are
summarized in Table IV. Kopek et al. reported favorable
local control with a total dose of 45 Gy given in three X-ray
SBRT fractions, but six patients (22%) developed severe GI
tract complications such as ulceration and stenosis (13). On

the other hand, Mahadevan et al. reported a 12% incidence
of grade 3 or higher toxicity using X-ray SBRT for
unresectable intra-hepatic cholangiocarcinoma using the
CyberKnife, which enables accurate dose delivery with
respiratory motion tracking of irradiation (12). Ohkawa et al.
reported a 10% incidence of grade 3 or higher late toxicity
with a total dose of 56.1 Gy to 72.6 Gy of PBT using
respiratory-gated irradiation (16). These results suggest that
improved techniques and new modalities that minimize the
dose to normal tissue are warranted for delivering higher
doses to the target tumor safely. In the present study, there
was no grade 3 or higher acute or late toxicity observed with
hypofractionated C-ion RT using dose constraints for the
liver and GI tract for treatment of hepatocellular carcinoma,
although further follow-up is necessary. 

Total dose and fraction size vary in SBRT and PBT
studies, ranging from 50.6-80 GyE with 2.0-3.9 GyE per
fraction in PBT and 30-60 Gy with 10-15 Gy per fraction
in X-ray SBRT. In our study, the median total dose and dose
per fraction were 60.0 Gy (RBE) and 13.2 Gy (RBE),
respectively. Tumor characteristics also vary between
studies. The mean PTV ranged from 64 cm3 to 80 cm3 in
X-ray SBRT studies and maximum tumor diameter ranged
from 50 mm to 60 mm in PBT studies (12-17). In the
present study, the mean PTV was 105 cm3, which is larger
than in X-ray SBRT studies, while the mean tumor diameter
was 49 mm, which is comparable to that of PBT studies.
Considering these conditions, C-ion RT can deliver higher
doses with less toxicity, resulting from superior dose
localization by C-ion beams. 

Our study achieved local control in five out of seven
(71%) patients with a median follow-up of 16 months. One-
year local control rates in X-ray SBRT and PBT studies
range from 67% to 100% (12-17). To date, the local control
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Table IV. Review of literature.

Author Modality No. of Follow-up Total dose Outcome
patients (months) (dose per fraction)

Makita et al. (15) Protons 28 12 50.6-80 GyE OS, PFS, and LC rates at 1 year were 49%, 29%, and 67%
(2.0-3.2 GyE)

Ohkawa et al. (16) Protons 20 20 56.1-72.6 GyE OS and LC rates at 1 year were 82 % and 88%
(3.3 GyE)

Mahadevan et al. (12) SBRT 34 38 30 Gy Actual OS and LC rates at 1 year were 58% and 88%
Photons (10 Gy)

Barney et al. (13) SBRT 10 14 45-60 Gy OS and LC rates at 1 year were 73% and 100%
Photons (12-15 Gy)

Present study C-ion RT 7 16 52.8-60 Gy (RBE) Actual OS and LC rates were 85% and 71%
[4.4-15 Gy (RBE)]

SBRT: Stereotactic body radiotherapy; C-ion RT: carbon ion radiotherapy; RBE: relative biological effectiveness; OS: overall survival; PFS:
progression-free survival; LC: local control.



rate of C-ion RT is comparable to those of X-ray SBRT and
PBT, but with less toxicity. The survival benefit from C-ion
RT is unclear due to the insufficient follow-up period;
however, there are potential benefits due to the lower
incidence of toxicity, as well as favorable local control.
Systemic therapy is also important for improving overall
survival for this disease (23). In particular, a lower incidence
of acute and late toxicity with use of hypofractionated C-ion
RT may lead to safe initiation of adjuvant systemic
chemotherapy with appropriate timing. 

The present study has some limitations worth noting, such
as its design as a single institutional retrospective study with
a small number of patients, dose heterogeneity, and
uncertainty regarding optimal hypofractionated C-ion RT
doses. Prospective multi-institutional evaluation is necessary
with a larger patient cohort in order to clarify the
effectiveness and toxicity profile of hypofractionated C-ion
RT. In conclusion, our initial results show that
hypofractionated C-ion RT appears to be well tolerated and
effective for cholangiocarcinoma.
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