
 

 

Supplementary Materials 

Supplementary Figures 
 

 
Figure S1. An example of proton beam therapy (PBT) for intrahepatic cholangiocarcinoma 

(IHCC). (A) Computed tomography (CT) scans at diagnosis showing the tumor (arrow). (B) 

Plan CT scans for proton beam therapy (PBT) showing dose line. (C and D) CT scans at 6 and 12 

months, respectively, after PBT showing marked shrinkage of the tumor (arrow).  

 

 

 
Figure S2. Freedom from local progression (FFLP) (A), progression-free survival (PFS) (B), and 

overall survival (OS) (C) curves in intrahepatic cholangiocarcinoma patients treated with proton 

beam therapy. 

 

 

 
Figure S3. Freedom from local progression (FFLP) (A), progression-free survival (PFS) (B), and 

overall survival (OS) (C) according to total dose (EQD2) of proton beam therapy. 

Abbreviations: EQD2, equivalent dose in 2 Gy fractions (EQD2=total dose×[(fraction dose+ 

α/β)/(2+α/β)], α/β = 10); and GyE, gray equivalent (GyE=proton physical dose [in gray]×relative 

biologic effectiveness [1.1]). 
*log-rank test. 



 

 

Supplementary Tables 
Table S1. Treatment modalities prior or after proton beam therapy (PBT) 

Details of treatment modalities  Distribution, n (%) 

Pre-Tx to PBT site(s) No 26 (55.3) 

 Yes 21 (44.7) 

   SAT*   20 (42.6) 

   TACE   1 (2.1) 

Post-Tx after PBT No 23 (48.9) 

 Yes 24 (51.1) 

 SAT†       20 (42.6) 

 SAT† + SR      3 (6.4) 

 LT      1 (2.1) 

Abbreviations: n, number of patients; Tx, treatment; TACE, transarterial chemoembolization; 

SAT, systemic anticancer therapy; SR, surgical resection; and LT, liver trasplantation. 
*Gemcitabine and cisplatin (n=13), gemcitabine, cisplatin and pembrolizumab (n=2), 

gemcitabine (n=2), capecitabine and cisplatin (n=1), oxaliplatin, irinotecan and 

tegafur/gimeracil/oteracil (n=1), and gemcitabine, cisplatin and albumin-bound paclitaxel (n=1).  
†Gemcitabine and cisplatin (n=15), gemcitabine (n=3), gemcitabine, cisplatin and albumin-bound 

paclitaxel (n=2), capecitabine (n=1), 5-fluorouracil, irinotecan, leucovorin and oxaliplatin (n=1), 

and nivolumab (n=1). 

  



 

 

Table S2. Summary of studies intrahepatic cholangiocarcinoma treated with radiotherapy 

Author Year Study 

design 

Type of RT n Total dose 

(Gray/fractions) 

FFLP OS AE rate* 

Zeng et al.[1] 2006 Retro RT 38 30 - 60 / 15 - 30 - 50.1% (1yr)                

11.8% (2yr) 

5.3% 

   No RT 37 - - 24.8% (1yr)            

5.5% (2yr) 

- 

Chen et al.[2] 2010 Retro RT 35 30 - 60 / 15 - 30 - 9.5m (med)                  

38.5% (1yr)            

16.4% (2yr) 

2.9% 

   No RT 49 - - 5.1 (med)              

9.6% (1yr)                 

4.9% (2yr) 

- 

Kim et al.[3] 2013 Retro CRT 25 25 - 60 / 12 - 30 - 9.3m (med)                

30.4% (1yr) 

24.0% 

   SAT 67  - 6.2m (med)               

22.4% (1yr) 

10.4% 

Tse et al.[4] 2008 Phase I SBRT 10 28.2 - 48 / 6 65% (1yr) 15m (med) 12% 

Barney et al.[5] 2012 Retro SBRT 10 45 - 60 / 3 - 5 100% (1yr) 15.5m (med)               

73% (1yr) 

20% 

Jung et al.[6] 2014 Retro SBRT 58 15 - 60 / 1 - 5 85% (1yr) 

75% (2yr) 

10m (med)          

45% (1yr)                

20% (2yr) 

10% 

Mahadevan et 

al.[7] 

2015 Retro SBRT 34 24 - 45 /  3 - 5 88% (1yr) 17m (med)               

58% (1yr)                          

31% (2yr) 

12% 

Sandler et al.[8] 2016 Retro SBRT 31 25 - 50 / 5 78% (1yr)  

47% (2yr) 

15.7m (med) 

59% (1yr)            

33% (2yr) 

16% 

Gkika et al.[9] 2017 Retro SBRT 37 21 - 66 / 3 - 12 78% (1yr)        

58% (2yr) 

14m (med)                     

57% (1yr)                       

25% (2yr) 

9% 

Tao et al. 2016 Retro IMRT/PBT 79 30 – 100 / 3 - 30 81% (1yr) 30m (med) 

87% (1yr)      

61% (2yr) 

6.3% 

Smart et al.[10] 2020 Retro HF-RT/PBT 66 37.5 – 67.5 / 15 84% (2yr) 58% (2yr) 11% 

Makita et al.[11] 2014 Retro PBT 18 50.6 – 80 / 15 - 40 67.7% (1yr) 49.0% (1yr) 22.2% 

Onkawa et al.[12] 2015 Retro PBT 20 55 – 79.2 / 10 - 16 88% (1yr)   

60% (2yr) 

27.5m† / 9.6m‡ 

(med) 

0% 

Hong et al. [13] 2016 Phase II PBT 37 15.1 – 67.5 / 15 94.1% (2yr) 22.5m (med) 

46.5% (2yr) 

7.7% 

Hung et al.[14] 2019 Retro PBT 30 39.6 – 73.4 / 10 - 

24 

88% (1yr) 19.3m (m)                      

83% (1yr)                

32% (2yr) 

17.4% 

Shimizu et al.[15] 2019 Retro PBT 42 46.6 – 74 / 12 - 37 97.3% (1yr) 

68.4% (2yr) 

15.0m (med)                  

60.3% (1yr)            

41.4% (2yr) 

0% 

Present study 2022 Retro PBT 47 45 – 80 / 10 91.7% (1yr) 

86.9% (2yr) 

21.9m (med)                  

63.8% (1yr)            

8.5% 



 

 

42.7% (2yr) 

Abbrevations:n, number of patients; RT, radiotherapy; FFLP, freedom from local progression; 

OS, overall survival; AE, adverse events; Retro, retrospective; CRT, chemoradiotherapy; SBRT, 

stereotactic body RT; IMRT, intensity-modulated RT; HF-RT, hypofractionated RT; PBT, proton 

beam therapy; med, median; yr, year; the others are same as Table S1. 
*rate of ≥ grade 3 adverse events or major adverse events. 
†Curative group 
‡Palliative group 
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