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Abstract: Objective To report the outcomes of Cyberknife stereotactic body radiotherapy(SBRT) for
patients with unresectable primary intrahepatic cholangiocarcinoma(ICC). Methods Twenty-eight patients
with ICC were treated with Cyberknife SBRT. The median prescription dose was 45Gy(range, 36-54Gy).
The prescribed radiation dosage was fractionated 3 to 5 times with a 70% to 92% isodose line. Treatment
response was graded by RECIST v.1.1. The survival rate and disease control rate were compared by Kaplan-
Meier analysis and toxicity was evaluated according to the Radiation Therapy Oncology Group(RTOG)
Toxicity Criteria, Version 2.0. Patient records were reviewed and compared using multivariate analysis(Cox
regression) to determine the factors that affected survival time of ICC patients. Results The median
follow-up time was 16months (3-42 months). After SBRT, evaluated by CT or MRI, 3(10.7%) patients had
complete response(CR), 10(35.7%) patients showed partial response(PR), 12(42.9%) patients were stable
disease(SD), 3(10.7%) patients were progressive disease(PD). The local control rate(CR+PR) was 42.9% and
disease control rate(CR+PR+SD) was 89.3%. Median survival time was 15 months (95%CI: 7.22-22.78).
1- and 2-year overall survival were 57.1% and 32.1%, respectively. Multivariate analysis revealed that
larger tumor size, synchronous lymph node metastases and later clinical stage were associated with poorer
prognosis(P<0.01). Toxicity mainly consisted of grade 1-2. No toxicity greater than grade 3 was observed.
Conclusion Cyberknife SBRT is safe and effective for unresectable primary ICC with acceptable toxicity.
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Tablel General features and clinical data of 28 patients

with primary ICC
Items (%)
Gender
Male 18(64.3)
Female 10(35.7)
Age(years)
<60 11(39.3)
>60 17(60.7)
ECOG performance status
0 16(57.1)
1 10(35.7)
2 2(7.2)
Child-Pugh classification
A 20(71.4)
B 8(28.6)
Diameter(cm)
<5 6(21.4)
5-10 15(53.6)
>10 7(25.0)
Intrahepatic lesions
Solitary 20(71.4)
Multiple nodules 8(28.6)
Tumor types
Peripheral ICC 22(78.6)
Central ICC 6(21.4)
Synchronous LN metastases
No 24(85.7)
Yes 4(14.3)
CA19-9(U/ml)
<37 6(21.4)
37-600 8(28.6)
>600 14(50.0)
TACE
Yes 8(28.6)
No 20(71.4)
TNM stage
I 2(7.1)
MA 4(14.3)
B 15(53.6)
mc 4(14.3)
VA 3(10.7)

Notes: ICC: intrahepatic cholangiocarcinoma; TACE: transarterial

chembolization
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Table2 Dosimetric index of CyberKnife SBRT on 28 ICC

patients

Items Median(range)
Gross tumor volume(cc) 267.4(43.4-1302.8)
Prescription dose(Gy) 45(36-54)
Dose per fraction (Gy) 15(10-18)
Biological equivalent dose(BED) 112.5(79.2-151.2)
Coverage(%) 92(85-100)
Number of beams (median) 136(45-284)
Prescription isodose line(%) 78(72-90)

Notes: SBRT: stereotactic body radiotherapy
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A: multiple pencil beams delivered by CyberKnife
converging at tumour target. Isodose curves; B:
g axial view; C: sagittal view; D: coronal view.
Tumour target volume was surrounded by red
line. White line was the 70% isodose line, peach
blossom line was the 50% isodose line, and light
blue line was the 20% isodose line; E: the relevant
parameters of the treatment planning
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Figurel Dosimetric index of CyberKnife
1 SBRT treatment on one patient
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A: The initial abdominal CT scan with the primary ICC indicated by the
arrow; B: CT scan one month after SBRT. This patient was classified as
PR at 1 month after SBRT
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Figure2 Comparison of lesion size before CyberKnife

treatment with that at one month after treatment
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Table3 Local outcome of Cyberknife on 28 patients with
locally advanced ICC [ (%)]

Subgroup n RR(%) DCR(%)
Total 28 46.4(13/28) 89.3(25/28)
Tumor Types

Peripheral ICC 22 45.5(10/22) 90.9(20/22)

Central ICC 6 50.0(3/6) 83.3(5/6)
Diameter (cm)

<5 6 66.7(4/6) 100.0(6/6)

>5 22 40.9(9/22) 86.4(19/22)
Intrahepatic lesions

Solitary 20 50.0(10/20) 95.0(19/20)

Multiple nodules 8 37.5(3/8) 75.0(6/8)
TACE

Yes 8 50.0(4/8) 87.5(7/8)

No 20 45.0(9/20) 90.0(18/20)
BED(Gy)

<100 7 28.6(2/7) 57.1(4/7)

>100 21 52.4(11/21) 100.0(21/21)
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Figure3 Overall survival curve of patients with ICC
treated with Cyberknife SBRT
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Table4 Prognostic factors for overall survival of 28

patients
0,
Variables P HR i Gl
Lower Upper
Gender 0.652 0.765 0.238 2.454
Age 0.381 2.139 0390 11.729

ECOG performance status ~ 0.150 0.453  0.154 1.331
Child-Pugh classification 0.964 1.042 0.170 6.390

Diameter 0.012 5444 1446 20.491
Intrahepatic lesions 0.143 2.433 0.740 7.995
Tumor location 0.495 1.059 0.898 1.250
Synchronous LN metastases 0.002 0.018 0.001 0.228
CA19-9 0.389 0.999 0.998 1.001
TNM stage 0.022 2.096 1.111 3.954
TACE 0.064 9.686 0.872 107.536
23 AR
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Table5 Side effects of 28 patents with ICC in the treatment
of CyberKnife SBRT [1(%)]

RTOG Toxicity 0 1 2 3 4
Common reaction
Fatigue 21 4 3 0 0
Lethargy 21 5 0 0
Pleural effusion 25 2 1 0 0
Gastrointestinal
Nausea 16 8 3 1 0
Anorexia 14 10 2 2 0
Vomiting 20 5 2 1 0
Duodenal ulcer 26 2 0 0 0
Gastric ulcer 24 2 1 1 0
Hepatic
ALT 19 3 4 2 0
AST 16 5 6 1 0
Albumin 20 1 6 1 0
ALP 22 2 3 1 0
Bilirubin 20 2 4 2 0
Bone Marrow
WBC 17 7 3 1 0
HBC 22 3 2 1 0
PLT 15 10 2 1 0
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