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Abstract
Background: The outcomes of chemotherapy for patients with perihilar cholangiocarcinoma (PHC) are unsatisfactory, and
photon therapy for unresectable PHC reportedly results in improved outcomes. Proton beam therapy (PBT) can be a treatment
option for these patients; however, the role of PBT in these patients is poorly de�ned as PHC is rare. Herein, we evaluated the
e�cacy and safety of PBT for unresectable PHC.

Methods: This observational retrospective cohort study conducted at a single institution included patients with unresectable
PHC who received de�nitive PBT. Patients who had nodal metastasis at presentation or those who underwent surgery or other
radiation therapies before PBT were excluded. To compare different dose fractionations, biologically equivalent doses with α/
β=10 [BED10] were calculated.

Results: Overall, 26 patients were eligible. The commonly prescribed doses were 67.5 Gy (relative biological effectiveness
[RBE]) in 25 fractions or 70.2 Gy (RBE) in 26 fractions. The median follow-up period was 19.4 months (range, 4.2-137.4
months). The Kaplan–Meier estimates of the 1-, 2-, and 5-year overall survival (OS) rates were 72.9%, 47.7%, and 17.4%,
respectively, and the median survival time was 23.7 months. The multivariate analysis demonstrated that Child–Pugh
classi�cation B was a signi�cant prognostic factor for unfavorable OS (hazard ratio [HR] 4.92; p=0.009) and that a mean
gross tumor volume dose of ≥79.2 Gy (RBE) [BED10] was a signi�cant prognostic factor for favorable OS (HR 0.19; p=0.025).
Grade ≥3 late adverse events were observed in seven patients (26.9%).

Conclusions: We demonstrated that de�nitive PBT for patients with unresectable PHC might improve the prognosis. Further
large-scale prospective studies are warranted to validate our �ndings.

Background
Biliary tract and gallbladder cancer is uncommon and is the 16th leading cause of cancer-related death worldwide [1]. Perihilar
cholangiocarcinoma (PHC) accounts for approximately 60% of cholangiocarcinomas [2], which originate from the bile duct
epithelia, and surgical resection is the only curative option [3]; however, approximately 30% of patients with PHC have
unresectable disease at initial presentation [4]. Liver transplantation (LT) results in the best prognosis for patients with
unresectable PHC, although patients with early stage PHC form the primary eligible group for this treatment option [3]. The
typical treatment for patients with PHC who are not eligible for surgical resection or LT is chemotherapy. The median survival
time (MST) of patients with locally advanced or metastatic biliary tract cancer after chemotherapy is reported to be 4.6-11.7
months [5-7], and the outcome of chemotherapy for these patients is unsatisfactory.

The role of radiotherapy in patients with unresectable, nonmetastatic PHC appears to be important. Photon therapy for these
patients reportedly results in improved outcomes with MST of 6.7-16.7 months [8-11]. Proton beam therapy (PBT)—owing to
its physical property resulting due to the Bragg peak—can provide more favorable distributions than photon therapy and
deposits almost no dose in the normal tissue beyond the Bragg peak [12]. Retrospective studies on PBT for unresectable
biliary tract or gallbladder cancer reported an improved MST of 15.0-19.3 months [13, 14]. The role of PBT for patients with
unresectable PHC is poorly de�ned as PHC is rare, resulting in the small number of patients in reported analyses. Herein, we
present the results of PBT for PHC to analyze the outcomes in a single-institution.

Methods
Study design and patients

This was an observational retrospective cohort study performed in a single institution. Patients with unresectable PHC who
underwent PBT between January 2002 and August 2020 were eligible for the study. Patients were excluded if they had nodal
metastasis at presentation or if they underwent surgery or other radiation therapies before PBT. Before the initiation of PBT, all
patients were diagnosed based on biopsy or “radiologic studies and detection of elevated tumor markers (carbohydrate
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antigen 19-9 [CA19-9] and/or carcinoembryonic antigen [CEA])”. The location of tumor origin was determined based on
radiologic and endoscopic studies. Staging was according to the TNM Classi�cation of Malignant Tumors, 8th edition (Union
for International Cancer Control) and Bismuth–Corlette classi�cation. PHC was deemed unresectable by individual surgeons
due to extensive hilar invasion, and/or bilateral liver involvement, and/or vascular encasement, and/or greater age, and/or
severe pre-existing disease, such as chronic obstructive pulmonary disease. Acute adverse events (AAEs) and late adverse
events (LAEs) were evaluated using the Common Terminology Criteria for Adverse Events (version 5.0). Written informed
consent was obtained from all patients. The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki as re�ected in a priori approval by the local institutional review board, identi�cation number 2-16. We collected data
pertaining to age, sex, performance status (PS) on the Eastern Cooperative Oncology Group scale, Child–Pugh classi�cation,
stent treatment for biliary stenosis before PBT, surgical spacer placement before PBT, chemotherapy before PBT, underlying
liver disease, involvement of the portal vein, concurrent chemotherapy, chemotherapy before PBT, CA19-9, and CEA as risk
factors.

Surgical spacer placement for PBT

When the tumor was widely adjacent to the gastrointestinal tract, it was di�cult to administer a curative-intent PBT. In such
cases, a spacer was placed between the inferior surface of the liver and gastrointestinal tract. Greater omentum and/or Gore-
Tex sheets (W.L. Gore and Associates, Newark, DE, USA) were superimposed and applied as spacers [15].

PBT

Each patient was immobilized using a custom-made thermoplastic cast in the supine or prone position, and images were
acquired by computed tomography (CT) at slice thicknesses of 2 mm and magnetic resonance imaging (MRI) at a slice
thicknesses of 2-5 mm. All three-dimensional treatment planning was performed using the XiO-M treatment planning system
(Mitsubishi Electric, Tokyo, Japan). The gross tumor volume (GTV) included the primary tumor; the clinical target volume
(CTV) was de�ned as the GTV plus a 10 mm basic margin, and adjacent structures were not included. The CTV margin, which
was de�ned by the radiation oncologist according to the degree of microscopic extension of the tumor, was poorly de�ned in
PHC. It was reported that microscopic extension of PHC was usually <10 mm [16, 17]. The CTV margin was de�ned as 10 mm
in our study. The planning target volume (PTV) was de�ned as the CTV plus a setup margin (5 mm) and a respiratory gating
margin (1-3 mm), which was measured on CT images between inspiratory and expiratory phases. The stomach; small bowel,
including the duodenum; liver; kidneys; and spinal cord were de�ned as organs at risk (OAR). The target volumes and OAR
were delineated on the CT-MRI fusion images.

Dose was expressed as Gy (relative biological effectiveness [RBE]). The RBE of the proton beam had been determined to be
1.1. The dose prescription for curative intent was selected as follows: 72.6 Gy (RBE) in 22 fractions, 70.2 Gy (RBE) in 26
fractions, and 67.5 Gy (RBE) in 25 fractions were selected to the tumor adjacent to the main trunk of the portal vein; 76 Gy
(RBE) in 20 fractions and 66.0 Gy (RBE) in 10 fractions were selected to the tumors adjacent only to the �rst branch of the
portal vein; and 60.0 Gy (RBE) in 30 fractions was selected to reduce the risk of gastrointestinal adverse events because total
gastrectomy was performed before the initiation of PBT. The prescribed dose was decided based on the earlier experience of
soft tissue sarcoma treatment in our institution, because there were few reliable reports on PHC.

To compare different dose fractionations, we used the linear quadratic model; we assumed α/β of 10 Gy (RBE) for the tumor
response, which was expressed as biologically effective dose 10 (BED10), and a/b of 3 Gy (RBE) for the late effect, which was
expressed as biologically effective dose 3 (BED3) [18]. The maximum dose restrictions for the stomach, small bowel, and
spinal cord were 50 Gy (RBE), 50 Gy (RBE), and 45 Gy (RBE), respectively, at a standard fraction of 2 Gy (RBE) per fraction with
a 3 Gy (RBE) α/β value [19, 20]. Additionally, irradiated volumes of the stomach, small bowel, liver, and kidney were made to be
as low as possible. Typical dose distribution is shown in Figure 1.

Dosimetric analysis



Page 4/18

Detailed dose volume histogram (DVH) data were retrospectively obtained using MIM Maestro version 6.9.6. (MIM Software
Inc., Cleveland, OH, USA). The following dosimetric variables for BED10 of the GTV, CTV, and PTV were generated from the
DVH, respectively: the maximal absolute dose (Dmax) and that covering 2 ml (D2 ml) of the GTV, CTV, or PTV; maximal
absolute dose covering 50% (D50) of the GTV, CTV, or PTV; mean dose (Dmean); and minimum absolute dose (Dmin) and that
covering 95% (D95) or 98% (D98) of the GTV, CTV, or PTV. To evaluate the dose of GTV, CTV, and PTV, we adopted the value of
79.2 Gy (RBE) [BED10] and 84.0 Gy (RBE) [BED10]) as indexes: the former was equal to the value of BED10 in 66 Gy (RBE) in
33 fractions, and the latter was equal to the value of BED10 in 70 Gy (RBE) in 35 fractions. These dose fractionations are
commonly used for de�nitive radiotherapy in solid cancers.

Statistical analyses

The follow-up of each patient started on the date on which PBT was initiated. The Kaplan–Meier method was used to
estimate overall survival (OS), MST, and progression-free survival (PFS) of the eligible subjects. We de�ned PFS as evidence
of neither tumor regrowth nor other recurrence.

Univariable differences in Kaplan–Meier curves for OS were evaluated using the log-rank test. Cox regression was also used
to assess the effects of the potential risk factors for OS in multivariate analysis, including those covariates that appeared to
be signi�cantly associated with OS (p<0.05) in univariate analysis. Statistical analyses were performed using R software
version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Study patients

Patients were followed until either death or until August 2021. A total of 36 patients with PHC received PBT. Among them, 26
patients were included in this study. The other 10 patients were excluded for the following reasons: seven had recurrent
tumors after surgical resection; two had nodal metastases at presentation; and one had an operable disease.

The characteristics of the patients included in our study are shown in Table 1. All the patients had a single nodular tumor. The
commonly prescribed dose was 67.5 Gy (RBE) in 25 fractions or 70.2 Gy (RBE) in 26 fractions. Concurrent chemotherapy was
administered to seven patients: �ve received S-1, which was an oral �uoropyrimidine derivative; one received gemcitabine; and
one received cisplatin. Spacers were placed in three patients: Gore-Tex sheets, which were non-absorbable spacers, were
placed in two patients, and the greater omentum was placed in the other.

[Insert Table 1 here]

Survival and patterns of failure

The median follow-up period was 19.4 months (range, 4.2 to 137.4 months). Generally, patients were followed up at 3- to 6-
month intervals.

The Kaplan–Meier estimate of the 1-, 2-, and 5-year OS rates and MST were 72.9% (95% con�dence interval [CI], 57.5 to
92.2%), 47.7% (95% CI, 30.4 to 74.7%), 17.4% (95% CI, 5.4 to 55.8%), and 23.7 months (95% CI, 18.9 to NA months),
respectively (Figure 2). Twenty patients died of the following: four of respiratory failure due to pleural dissemination; four died
of other causes; three of treatment-related adverse events; one of simple obstruction due to peritoneal dissemination; and
eight died with unknown cause. The Kaplan–Meier estimates of the 1- and 2-year PFS rates and median PFS were 78.4% (95%
CI, 63.1 to 97.6%), 49.8% (95% CI, 29.5 to 83.9%), and 22.9 months (95% CI, 14.1 to NA months), respectively. 

Local recurrence was diagnosed in �ve patients: four had local progression, and one had regional lymph node recurrence.
Distant metastasis was diagnosed in ten patients: four had paraaortic lymph node recurrence; three had peritoneal
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dissemination; one had pleural dissemination; one had both peritoneal dissemination and pleural dissemination; and one had
intrahepatic metastasis.

Toxicity

AAEs and LAEs are shown in Table 2. There were no grade ≥3 AAEs. The numbers of grade 3, grade 4, and grade 5 LAEs were
observed in three, one, and three patients, respectively. Regarding four patients with grade 3 or 4 LAE, they were diagnosed as
cholangitis due to bile duct stenosis associated with PBT. Three patients presented with grade 5 LAE: one died of radiation-
induced liver disease (RILD) 4 months after the completion of PBT; one died of duodenal bleeding due to spacer perforation 8
months after the completion of PBT; and one was free from treatment related complication >10 years after the completion of
PBT and in the end died of obstructive cholangitis by radiation-induced bile duct stenosis 136 months after the completion of
PBT.

The median latent period of grade ≥3 any LAEs was 13.2 months (interquartile range, 2.8 to 25.6), and that of grade ≥3
obstructive cholangitis was 24.0 months (interquartile range, 13.2 to 27.3). The number of grade ≥3 obstructive cholangitis
was �ve. In grade 4 or 5 obstructive cholangitis cases, the value of BED3 was 172.2 Gy (RBE); in grade 3 obstructive
cholangitis cases, the value was 128.2 or 133.3 Gy (RBE) (Additional �le 1).

Risk factors for survival 

Child–Pugh classi�cation (A or B), mean dose of GTV (< or ≥79.2 Gy (RBE) [BED10]), mean CTV dose (< or ≥79.2 Gy (RBE)
[BED10]), and CTV D50 (< or ≥84.0 Gy (RBE) [BED10]) were found to signi�cantly affect OS in univariate analysis (Additonal
�le 2 and Table 3). The three dosimetric factors indicated the same patient cohort. We, therefore, included the mean GTV dose
among the three factors in the multivariate analysis, because the dose distribution of the GTV might be theoretically critical in
terms of local control. Finally, we included Child–Pugh classi�cation (A or B) and the mean GTV dose (< or ≥79.2 Gy (RBE)
[BED10]) in multivariate analysis; Child–Pugh classi�cation B was a signi�cant prognostic factor for unfavorable OS (hazard
ratio [HR], 4.923; 95% CI, 1.478 to 16.401; p=0.009), and a mean GTV dose of ≥79.2 Gy (RBE) [BED10] was a signi�cant
prognostic factor for favorable OS (HR, 0.1925; 95% CI, 0.0450 to 0.8170; p=0.025) (Table 3).

[Insert Table 3 here]

Discussion
This study evaluated the e�cacy and safety of de�nitive PBT for 26 patients with unresectable PHC. We found that the MST
of these patients was 23.7 months; that the Child–Pugh classi�cation B was a signi�cant prognostic factor for unfavorable
OS in the multivariate analysis; that a mean GTV dose ≥79.2 Gy (RBE) [BED10] was a signi�cant prognostic factor for
favorable OS in the multivariate analysis; and that grade ≥3 LAEs were observed in seven patients. Although the outcomes of
patients with biliary tract or gallbladder cancer who received PBT have been previously reported, these studies included
patients with different types of cancers other than PHC [13, 14, 21]. To the best of our knowledge, this is the �rst study to
investigate the e�cacy and safety of PBT in a cohort that only included patients with unresectable PHC.

Not all the patients with PHC are eligible for surgical resection, for reasons such as extensive tumor in�ltration, greater age,
severe pre-existing diseases, and poor PS. Although LT following neoadjuvant chemoradiotherapy is regarded as an
alternative treatment for these unresectable PHCs, the number of patients with unresectable PHC eligible for LT is limited
because it is too invasive and not as effective. The MST of chemotherapy for patients with unresectable PHC containing
locally advanced or metastatic cancer was 4.6 to 11.7 months [5-7]; the MST of 23.7 months in our study was longer than
their outcomes. PBT might be an alternative option for patients with PHC ineligible for surgical resection or LT.

We present the comparison of outcomes for PHC treated with radiotherapy in Table 4. The MST of photon therapy, including
stereotactic body radiotherapy, for patients with unresectable PHC ranged from 6.7 to 23.6 months in most reports [8, 10, 11,
22-26]; the MST of 23.7 months in our study appeared to be superior to that reported in previous studies. Favorable dose
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distributions in PBT might contribute to improved survival outcomes. Although intraluminal brachytherapy (ILBT) had been
conventionally performed for PHC to achieve dose escalation in addition to photon radiotherapy, Yoshioka et al. revealed that
the addition of ILBT to external beam photon therapy for unresectable biliary tract cancer had no impact on OS in a multi-
institution study [27]. Additionally, because we thought that it was possible to administer a su�cient curative dose with PBT
alone, we did not combine ILBT in this study. The MST of carbon-ion radiotherapy (CIRT) for patients with resectable or
unresectable PHC was reported to be 12.6 months [28]. The result was much lower than ours. Dose distribution of CIRT is as
favorable as that of PBT. The value of BED10, which affected local control, of the report of CIRT was higher than ours. We
cannot surmise the reason for the difference between the results. Large-scale prospective studies are required to compare PBT
with CIRT for patients with unresectable PHC.

LAEs of the biliary tract and gastrointestinal tract adjacent to the PHC are important in radiotherapy, because it can be fatal at
times. However, assessing biliary stenosis as LAE is clinically very di�cult, because it is di�cult to distinguish between LAE
and tumor recurrence. We experienced �ve patients (19.2%) who presented with grade ≥3 obstructive cholangitis, which
appeared to be caused by biliary stenosis. Kopek et al. [11] reported that the incidence of grade ≥3 hyperbilirubinemia was
29.6%. Hyperbilirubinemia could be caused by severe obstructive cholangitis or tumor recurrence. In contrast, grade ≥3 LAEs
related to obstructive cholangitis was not reported in other reports of CIRT or photon therapy [8, 10, 22-26, 28]. In our study, the
median latent period of grade ≥3 obstructive cholangitis was 24.0 months, which was longer than the MST of these reports
[8, 10, 11, 22-26, 28]. This may be why the risk of grade ≥3 obstructive cholangitis was underestimated. Compared with that
reported by Kopek et al., the incidence of grade ≥3 obstructive cholangitis in our study might be not high. High-dose
irradiation to the biliary tract is theoretically thought to cause biliary stenosis, although to the best of our knowledge, there are
no reports that reveal an association between irradiation dose and biliary stenosis. We should at least make the value of BED3
172.2 Gy (RBE) or less because the value of BED3 was 172.2 Gy (RBE) in patients presenting with grade 4 or 5 obstructive
cholangitis.

The incidence of grade ≥3 gastrointestinal bleeding in radiotherapy for PHC was reported to be 0 to 22.2% [10, 11, 25, 26, 28,
29]. Contrastingly, the incidence in our study was 0%. To reduced LAEs of gastrointestinal tract, spacers were placed in three
patients: Gore-Tex sheets were placed in two patients, and the greater omentum was placed in one. However, one patient died
from duodenal bleeding owing to Gore-Tex sheets perforation. If Gore-Tex sheets, which are non-absorbable arti�cial spacers,
remain for a long time and become rigid in the patient’s body, they might cause severe LAEs. To reduce severe LAEs related to
the non-absorbable spacer, we currently adopt a new absorbable spacer, which was used in PBT or CIRT for abdominal or
pelvic tumors adjacent to the intestines and caused no severe adverse events [30]. In the future, we hope to report the e�cacy
and safety of the absorbable spacers in patients with unresectable PHC.

One patient died of RILD regardless of Child-Pugh classi�cation A. Regarding the liver function of the patient before PBT,
ICGR15 (percentage of retained ICG at 15 min) was 43%. ICG is routinely used in Asia and parts of Europe to evaluate liver
function before and after transplantation, as well as after hepatic resection [31]. Kawashima et al. [32] reported that patients
with an ICGR15 of <20% were free from RILD in patients with hepatocellular carcinoma who underwent PBT; that three of four
patients with an ICGR15 of ≥50% experienced fatal RILD; and that the multivariate analysis demonstrated that an ICGR15 of
>40% was a signi�cant prognostic factor for unfavorable OS. In the subcohort of 16 patients with ICGR15 data available in
our study, the median ICGR15 was 16.5% (interquartile range, 8.2 to 29.0). The patient who developed grade 5 RILD presented
with ICGR15 43%, which was much higher than the median value. ICGR15 could be useful to evaluate liver function before
PBT. In future studies, we hope to report the association between ICGR15 and RILD in patients with unresectable PHC.

OS was signi�cantly better in patients with Child–Pugh class A than in those with Child-Pugh class B in the multivariate
analysis. This was comparable with the �nding of a study on CIRT for cholangiocarcinoma [28]. 

The multivariate analysis revealed that a mean GTV dose of ≥79.2 Gy (RBE) [BED10] was signi�cant for favorable OS. High
dose radiotherapy was reported to improve local control and OS in patients with intrahepatic cholangiocarcinoma [33].
Elganainy et al. [10] suggested that high dose photon therapy did not improved OS in patients with extrahepatic
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cholangiocarcinoma, and inferred that unfavorable dose distribution to the GTV was unable to improve OS because the GTV
was almost always close to the bowel. Our results indicated that favorable distributions to the GTV due to the physical
property of PBT result in favorable prognosis.

Concurrent chemotherapy did not improve survival in our study. Chemoradiotherapy was reported to be associated with better
survival than radiotherapy alone [34]. Further large-scale prospective studies are necessary to determine the effectiveness of
concurrent chemotherapy with PBT. Underlying liver disease (Yes or No) was not included in our univariate analysis because
only one patient had an underlying liver disease.

Our study had two limitations. First, we adopted a retrospective design owing to the rarity of PHC. Second, we used several
treatment protocols: several dose fractionations were included, and several concurrent chemotherapy regimens were included.

Conclusions
This study indicated that de�nitive PBT for patients with unresectable PHC was tolerable and may improve the prognosis.
Further large-scale prospective studies are required to validate our �ndings.
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Characteristic No. (%)

Age, years   

     Median (range) 72.5 (40-84)

Sex   

     Male 15 (57.7)

     Female 11 (42.3)

ECOG Performance status   

     0 16 (61.5)

     1 10 (38.5)

Child-Pugh classi�cation   

     A 17 (65.4)

     B 9 (34.6)

Stent treatment for biliary stenosis before PBT   

     Yes 23 (88.5)

     No 3 (11.5)

Surgical spacer placement before PBT   

     Yes 3 (11.5)

     No 23 (88.5)

Chemotherapy before PBT   

     Yes 5 (19.2)

     No 21 (80.8)

Underlying liver disease   

     Yes* 1 (3.8)

     No 25 (96.2)

Diagnosis   

     Pathological 15 (57.7)

     Imaging+tumor markers 11 (42.3)

TNM classi�cation†   

     T1N0M0 2 (7.7)

     T2aN0M0 7 (26.9)

     T3N0M0 4 (15.4)

     T4N0M0 13 (50.0)

Bismuth-Corlette classi�cation    

     II 5 (19.2)

     IIIa 8 (30.8)
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     IIIb 4 (15.4)

     IV 9 (34.6)

Involvement of portal vein   

     Yes 14 (53.8)

     No 12 (46.2)

Concurrent chemotherapy   

     Yes 7 (26.9)

     No 19 (73.1)

CEA, mg/ml   

     Median (range) 2.3 (0.9-68.0)

CA19-9, U/ml   

     Median (range) 67.6 (0.1- over 10000)

Dose/fractionation [BED10]   

     60.0 Gy (RBE)/30 fr. [72.0] 1 (3.8)

     66.0 Gy (RBE)/10 fr. [109.6] 1 (3.8)

     67.5 Gy (RBE)/25 fr. [85.7] 9 (34.6)

     70.2 Gy (RBE)/26 fr. [89.2] 9 (34.6)

     72.6 Gy (RBE)/22 fr. [96.6] 1 (3.8)

     76.0 Gy (RBE)/20 fr. [104.9] 5 (19.2)

ECOG, Eastern Cooperative Oncology Group; PBT, proton beam therapy; TNM: tumor, nodes, metastases; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; BED10, biological effective dose when α/β=10 is applied; Gy,
gray; RBE, relative biological effectiveness.

*Autoimmune hepatitis

†Staging was according to the TNM Classi�cation of Malignant Tumors, 8th edition (Union for International Cancer Control).

Table 2. Acute and late adverse events for all patients (n=26)

Acute adverse events Grade 2 (%) Grade 3 (%) Grade 4 (%) Grade 5 (%)

     Dermatitis 3 (11.5) 0 (0.0) 0 (0.0) 0 (0.0)

Late adverse events Grade 2 (%) Grade 3 (%) Grade 4 (%) Grade 5 (%)

     Gastrointestinal bleeding 2 (7.7) 0 (0.0) 0 (0.0) 0 (0.0)

     Gastrointestinal perforation 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.8)

     Obstructive cholangitis 0 (0.0) 3 (11.5) 1 (3.8) 1 (3.8)

     Radiation-induced liver disease 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.8)
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Table 3. Prognostic factors for overall survival
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  No. Of
patients

Univariate
analyses

 Multivariate analyses  

   MST
(months)

p  HR 95% CI  p

Age, years <70 9 30.8 1.000         

≥70 17 23.7          

Sex Male 15 22.9 0.200         

Female 11 50.2          

ECOG Performance
status

0 16 30.8 0.900         

1 10 30.8          

Child-Pugh
classi�cation

A 17 30.8 0.004*  Reference    

B 9 12.1   4.923 1.478 - 16.401 0.009†

Stent treatment for
biliary stenosis
before PBT

Yes 23 23.7 0.300         

 No 3 NA          

Surgical spacer
placement before
PBT

Yes 3 22.9 0.200         

 No 23 30.8          

Chemotherapy
before PBT

Yes 5 26.9 0.800         

No 21 23.7          

CEA, mg/ml <2.3 13 28.7 0.500         

≥2.3 13 19.9          

CA19-9, U/ml <67.6 13 23.7 0.500         

≥67.6 13 22.9          

Distance between
tumor and
gastrointestinal
tract, mm

<1 9 18.9 0.070         

≥1 17 30.8        

T factor T1-2 9 23.7 0.700         

T3-4 17 22.9          

Bismuth-Corlette
classi�cation

II 5 NA 0.400         

III-IV 21 23.7          

Involvement of
portal vein

Yes 14 28.7 0.900         

No 12 22.9          

Concurrent
chemotherapy

Yes 7 30.8 0.600         

No 19 23.7          

Mean dose of GTV,
Gy (RBE) [BED10]

<79.2 3 10.6 0.010*  Reference    
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 ≥79.2 23 28.7   0.1925 0.0450 - 0.8170 0.025†

ECOG, Eastern Cooperative Oncology Group; PBT, proton beam therapy; CEA, carcinoembryonic antigen; CA19-9, carbohydrate
antigen 19-9; GTV, gross tumor volume; Gy, gray; RBE, relative biological effectiveness; BED10, biological effective dose when
α/β=10 is applied; MST, median survival time.

*p-value <0.05 by univariate analyses were de�ned to be signi�cant

†p-value <0.05 by multivariate analysis was de�ned to be signi�cant

Table 4. Comparison of outcomes for perihilar cholangiocarcinoma treated with various types of radiotherapy
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Treatment Author Year No. Median
total

Median Median Overall survival (%) MST

EBRT
dose

EBRT BED10 1 year 2
years

5
years

(months)

[Gy or
Gy
(RBE)]

fraction

Photon
therapy

EBRT ± ILBT

Ghafoori
et al. [9]*

2011 37‡ 45 NA NA 59†† 22†† NA 14††

Isayama
et al. [25]*

2012 28 54 30 64 (EBRT
alone)

123
(EBRT+BT)

74†† 45†† 6†† 22.2††

EBRT

Chen et
al. [8]

2015 16 54 NA 65¶ 41†† NA NA 13.5†† (CCRT)

6.7†† (RT
alone)

Tan et al.
[22]

2015 25 37-
40.7||

10-11|| 56** NA NA NA 12‡‡

SBRT

Kopek et
al. [11]

2010 27§ 45 3 112 NA NA NA 10.6††

Momm et
al. [26]

2010 13 48 4 106 NA NA NA 23.6§§

Polistina
et al. [29]

2011 10 30 3 60 NA 80§§ NA 35.5§§

Carbon ion
radiotherapy

Kasuya et
al. [28]

2019 29 76 20 105 63.5†† 27.3†† NA 12.6††

Photon therapy or
proton beam therapy

Elganainy
et al.
[10]†

2018 62 50.4 NA 60 NA NA NA 16.7††

Proton beam therapy

Present
study

26 70.2 26 89 69.6†† 47.6†† 14.3†† 22.9††

*Some patients in this study received ILBT.

†The number of patients who received PBT and photon therapy were not available.
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‡Six patients only received BT.

§One case of intrahepatic cholangiocarcinoma was included in this study.

||Median dose and median fraction were not available.

¶Calculated according to 2 Gy/fr.

**Calculated according to 40.7 Gy/11 fr.

††Survival time was measured from the start of radiotherapy.

‡‡Survival time was measured from the time of biliary stent placement.

§§Survival time was measured from the time of diagnosis.

MST, median survival time; EBRT, external beam radiotherapy; BED, biological effective dose; Gy, gray; RBE, relative biological
effectiveness; ILBT, intraluminal brachytherapy; NA, not available; RT, radiotherapy; CCRT, concurrent chemoradiotherapy SBRT,
stereotactic body radiotherapy; fr, fraction; PBT, proton beam therapy

Figures

Figure 1

a, b. Images from proton beam therapy plan of a patient. c, d. Images from proton beam therapy plan of a patient who
received a non-absorbable spacer.

The prescribed dose was 76 Gy (relative biological effectiveness [RBE]) in 20 fractions. Structures: thick red contour, gross
tumor volume; thick cyan contour, clinical target volume; thick green contour, non-absorbable spacer. Colored isodose lines:
red, 95%; yellow, 80%; light green, 75%; light blue, 50%; blue, 30%.
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Figure 2

Overall survival curve for all patients (n=26) with perihilar cholangiocarcinoma treated with proton beam therapy.

The corresponding 95% con�dence intervals are presented in gray. The median survival time was 22.9 months.
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