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Fig. 1. Treatment plan for liver tumor by CyberKnife Radio-
surgery (MultiPlan™). Use the evaluate step to review and
modify detail of a plan, to perform a high resolution dose
calculation, and to save the plan as deliverable.

Fig. 2. Fiducials are placed percutaneously around the lesion in liver tumor using ultrasonographic guidance. Fiducial define a

target’s position during treatment delivering.
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Fig. 3. All four fiducials are tracked for liver lesions using real-
time image guidance. Orthogonal digitally reconstructed radiog-
raphy {DRRs) are generated from the original CT. Throughout
the treatment, the system correlates the original DRRs to the
live images generated from the amorphous silicon detectors.
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Fig. 4. External optical markers (LED) and detector used in the Synchrony system to provide a breathing signal.
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Table 1. Summary of Patients with Lesions

. . Tumor Tumor

Case Sex Age Diagnosis location  volume (cc)
1 M 49 HCC Lt lobe 438
2 M 76 Metastasis (AGC)T  S1 16
3 M 65 HCC Lt lobe 37
4 M 42 Metastasis (AGC) Lt lobe 275
5 M 46 Metastasis (Rectal) S8 11
6 M 6 HCC S6 45
7 F 68 Metastasis (GB) 54 581
8 M 62 HCC 56 65
9 M 54 Cholangiocarcinoma $4 1193
10 M 61 HCC S4 25
11 M 48 HCC S6 128
12 M 44 Metastasis (NPC)T S8 39%
13 M 43 HCC Lt lobe 974
14 M 58 Metastasis (Rectal) S7 20
15 F 70 Metastasis (Rectal) S6 128
16 M 59 Metastasis (Rectal) 56 5
17 M 58 Cholangiocarcinoma  S1 124
18 M 65 HCC S6 620
19 M 45 Cholangiocarcinoma  S1 75
20 F 54 Metastasis (Rectal) S6 2%
21 M 58 Metastasis (Rectal) S6 25
22 M 45 Metastasis (G ) S4 963
23 F 36 Metastasis (Breast) S4 189
24 M 54 HCC 56 39

*HCC (Hepato Cellular Carcinoma), TAGC (Advanced Gastric
Cancer), *NPC (Nasopharyngeal Carcinoma), ‘GB (Gallbladder)
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Table 2. The Translational and Vectorial Movement for Liver

c SI (mm)* LR (mm)' AP (mm)* VECTOR (mm)
ase Range Mean Stdev Range Mean Stdev Range Mean  Stdev Range Mean  Stdev
1 28.8 17.5 6.2 6.5 25 13 7.0 43 15 20.0 6.0 43
2 225 14.1 56 49 34 09 6.6 45 16 14.9 4.7 35
3 34.6 221 55 69 3.1 12 121 85 19 211 7.1 43
4 249 16.1 58 7.6 47 18 7.3 44 16 14.3 54 3.3
5 17.9 11.0 4.1 3.6 18 0.7 4.2 25 0.8 115 39 26
6 26.6 151 53 2.6 13 0.6 47 19 1.0 14.5 5.7 35
7 26.8 16.9 6.9 28 11 0.7 141 9.1 34 228 6.7 5.7
8 34.1 20.1 8.0 59 27 13 16.1 9.0 3.6 21.6 73 49
9 245 145 51 37 15 08 6.9 43 13 141 44 3.0
10 209 144 52 51 19 13 11.5 8.2 24 14.8 6.6 41
11 10.6 57 27 4.7 23 12 49 27 12 72 29 20
12 213 12.0 52 1.5 0.7 0.3 79 47 1.8 15.7 6.0 39
13 13.3 85 34 22 11 05 25 14 05 98 3.0 23
14 16.2 9.7 46 3.8 17 0.9 6.6 40 1.7 15.1 53 42
15 12.8 79 37 1.7 0.7 0.4 3.0 1.7 0.7 9.2 33 29
16 332 20.1 87 5.0 33 1.1 94 5.6 23 221 7.0 5.2
17 382 227 9.7 54 29 12 12.6 78 28 22.3 84 5.2
18 434 25.3 11.7 3.4 1.7 09 16.0 8.8 41 23.0 95 7.0
19 7.0 39 15 4.0 15 0.8 59 34 12 56 28 14
20 30.9 16.7 6.7 6.3 27 12 101 57 22 17.7 6.3 41
21 357 18.7 76 21 1.3 04 64 4.0 13 204 5.8 47
22 12.9 9.7 26 22 05 04 5.1 1.8 14 78 3.6 13
23 232 109 5.7 1.6 1.2 03 144 6.9 34 10.6 35 31
24 25 11 04 11 0.6 0.2 32 19 0.7 36 18 0.7

Average 23.5 13.9 5.5 39 19 0.9 8.3 49 19 15.0 5.3 36
*S| (SupferiorInferior), 'LR (Left-Right), TAP (AnteriorPosterior)
Table 3. The Rotational Movement and Correlation Errors for Liver Tumor
X-Axis () * Y-Axis ()" Z-Axis ()7
Case
Range  Mean  Stdev Range  Mean Stdev Range Mean Stdev
1 31 24 11 34 18 0.7 32 3.0 1.0
2 38 27 18 18 0.6 04 32 29 1.2
3 28 20 0.9 48 25 1.0 4.0 3.0 11
4 36 27 1.6 6.4 20 14 3.8 31 11
5 18 14 0.7 43 21 0.8 34 14 0.6
6 28 22 0.8 55 3.0 13 46 40 1.7
7 46 32 20 49 27 12 28 19 07
8 43 28 1.9 52 31 1.0 4.2 34 14
9 32 27 1.2 18 09 04 47 4.0 1.2

10 20 18 0.8 5.6 25 11 3.7 23 12

11 18 17 0.8 4.7 25 11 33 21 0.8

12 5.2 3.6 20 33 13 0.8 34 28 1.1

13 12 1.0 0.4 25 12 05 33 22 09

14 22 20 08 41 20 0.7 28 1.8 0.7

15 1.6 14 0.5 73 25 21 4.6 24 14

16 55 47 27 59 3.0 13 4.7 23 1.0

17 5.6 49 24 9.5 6.3 1.6 6.8 6.2 27

18 N N N N N N N N N

19 N N N N N N N N N

20 33 29 1.2 7.0 35 14 45 38 14

21 40 3.1 18 6.0 19 13 42 40 14

22 43 41 0.9 5.6 19 13 27 17 05

23 N N N N N N N N N

24 17 13 0.5 19 1.0 0.4 37 13 09

Average 33 2.6 1.3 4.8 2.3 1.0 3.9 28 11

*X (Left-Right)-Axis, Ty (Cranio-Caudal)-Axis, 'z (Anterior-Posterior)-Axis
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Table 4. Correlation Errors during Liver Tumor Treatment
using CyberKnife Synchrony

Case Range  Mean Stdev  Case Range ~ Mean Stdev
(mm)  (mm) (mm) (mm)
1 39 11 0.7 13 21 0.7 0.4
2 49 1.3 1.0 14 34 1.0 0.7
3 3.6 1.0 0.6 15 2.0 05 0.4
4 34 1.0 0.7 16 51 1.3 0.9
5 3.6 09 0.6 17 82 1.6 13
6 3.6 1.1. 0.7 18 7.0 23 17
7 2.8 11 0.7 19 28 0.7 05
8 6.5 1.6 1.1 20 52 14 0.9
9 2.8 09 0.6 21 38 1.1 0.7
10 54 09 0.8 22 31 0.8 05
11 2.3 0.7 05 23 37 13 08
12 22 06 0.5 24 1.2 04 0.3

Average 3.9 1.1 0.7
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—— Abstract

Evaluation of Real-time Measurement Liver Tumor's Movement
and Synchrony™ System’s Accuracy of Radiosurgery
using a Robot CyberKnife

Gha jung Kim, M.S., Su Jung Shim, M.D., Jeong Ho Kim, Chul Kee Min, M.S.
and Weon-kuu Chung, M.D., Ph.D.

Department of Radiation Oncology, CyberKnife Center, Konyang University Hospital, Daejeon, Korea

Purpose: This study aimed to quantitatively measure the movement of tumors in real—time and evaluate the
freatment accuracy, during the treatment of a liver tumor patient, who underwent radiosurgery with a Synchrony
Respiratory motion tracking system of a robot CyberKnife.

Materials and Methods: The study subjects included 24 liver tumor patients who underwent CyberKnife
treatment, which included 64 times of treatment with the Synchrony Respiratory motion tracking system
(Synchrony™). The treatment involved inserting 4 to 6 acupuncture needles into the vicinity of the liver tumor in
all the patients using ultrasonography as a guide. A treatment plan was set up using the CT images for
treatment planning uses. The position of the acupuncture needle was identified for every treatment time by
Digitally Reconstructed Radiography (DRR) prepared at the time of treatment planning and X-ray images
photographed in real-time. Subsequent results were stored through a Motion Tracking System (MTS) using the
Mtsmain.log treatment file. In this way, movement of the tumor was measured. Besides, the accuracy of
radiosurgery using CyberKnife was evaluated by the correlation errors between the real-time positions of the
acupuncture needles and the predicted coordinates.

Results: The maximum and the average translational movement of the liver tumor were measured 23.5 mm and
13.945.5 mm, respectively from the superior to the inferior direction, 3.9 mm and 1.9+£0.9 mm, respectively
from left to right, and 8.3 mm and 4.9+1.9 mm, respectively from the anterior to the posterior direction. The
maximum and the average rotational movement of the liver tumor were measured to be 3.3° and 2.6+1.3°,
respectively for X {Left-Right) axis rotation, 4.8° and 2.3+1.0°, respectively for Y (Cranio-Caudal) axis rotation,
3.9° and 2.8+1.1°, respectively for Z (Anterior-Posterior) axis rotation. In addition, the average correlation error,
which represents the treatment’s accuracy was 1.1+£0.7 mm.

Conclusion: In this study real-time movement of a liver tumor during the radicsurgery could be verified
quantitatively and the accuracy of the radiosurgery with the Synchrony Respiratory motion tracking system of
robot could be evaluated. On this basis, the decision of treatment volume in radiosurgery or conventional
radiotherapy and useful information on the movement of liver tumor are supposed to be provided.

Key Words: CyberKnife, Radiosurgery, Synchrony, Respiratory motion tracking system, Liver tumor
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