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Fig. 1. Clinac iX with CBCT and OBI system.
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Table 1. Tissue weighting factors for calculation of effective
dose - 2006 Draft ICRP Report

Tissue Wr Wr

Bone rr'larrow,‘ Colon, Lung, Stomach, Breast, 012 07
Remainder tissues*

Gonads 0.08 0.08

Bladder, Oesophagus, Liver, Thyroid 0.04 0.16

Bone surface, Brain, Salivary gland, Skin 0.01 0.04

Total  1.00

*Remainder tissues: Adrenals, Extrathoracic (ET) region, Gall
bladder, Heart, Kidneys, Lympatic nodes, Muscle, Oral mucosa,
Pancreas, Prostate (), Small intestine, Spleen, Thymus,
Uterus/cervix (£).

WA ol =3241717] A TLDel| wol gl oA & 2%
w2171 7] $J8ll TLD Containeroll 5ol 434 400%0l]4] 24]
7k 2243 (Annealing)3F 3 A1 ZoflA] AJ3] & v}A] A4 1005
oA 2417+ A8kl & Ajdell Agslaat = TLDE
aAs7] Sl R AEe] WAl 243 3 TLD $57]
(Reader) 2 7} TLD®] A8l nC)& FAsto] Hslekoz i
Bl mRo.Z9] w3kS 93t 524 QIxH(Calibration Factor)E 7
Helgiek

2 Adole A AFE ZA37] AiA TANA
A5 914 3] (International Commission on Radiation Protec-
tion Publication, 2006 Draft ICRP Report)®'of| 2] A1l #}-7]
(Table DE 7|22 sta A4z sk wIZHE 2719
A XA} 7F Zod Ao)] TLDE 443 £ Phantom
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Fig. 3. TLD rods and TLD 3500
reader.
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Table 2. TLD distribution

Tissue/organ EA TLD no. Tissue/organ EA TLD no.
Gonads 2 1~2 ET region 2 49~50
Bone marrow 6 79~ 84 Small intestine 6 19~24
Colon 6 13~18 Kidney 4 25~28
Lung 6 85~90 Adrenal 2 91~92
Stomach 3 51~53 Muscle 2 67~68
Bladder 4 9~12 Pancreas 2 31~32
Rectum 2 3~4 Spleen 2 29~30
Liver 4 33~36 Thymus 2 47~48
Esophagus 2 54~55 Prostate 4 5~8
Thyroid 2 56~57 Gall bladder 2 45~46
Skin 6 75~78, 65, 66 Heart 4 41~44
Bone surface 6 69~74 Lympatic nodes 2 63~64
Brain 2 58~59 Oral mucosa 1 62
Salivary glands 2 60~61 Spinal cord 4 37~40

Fig. 4. CT contouring images.
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Table 3. Exposure condition

CBCT mode kVp mA  Pulse width

125 kV
125 kV

80 mA
40 mA

25 ms
10 ms

Standard mode (A-mode)
Low-dose mode (B-mode)
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Fig. 5. Phantom contouring ima-
ge and TLD placement.
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Table 4. Cone beam computed tomography scanning protocol

CBCT mode Scan mode Diameter Recon-matrix Slice thickness  Longitudinal extend
Standard mode (A-mode) Half fan 50%50 512x512 2.5 mm 13.7 cm
Low-dose mode (B-mode) Half fan 50%50 512x512 2.5 mm 13.7 cm

Table 5. Organ absorbed doses from CBCT

Mean absorbed dose per scan (cGy)

Tissue/organ Standard mode Low-dose mode
(A-mode) (B-mode)
Bone marrow (red) 3.83 0.87
Colon 1.80 0.45
Lung 0.30 0.13
Stomach 0.39 0.15
Gonads 5.82 1.17
Bladder 6.44 1.29
Esophagus 0.18 0.09
Liver 0.45 0.12
Thyroid 0.11 0.09
Bone surface 5.54 1.05
Brain 0.07 0.07
Salivary gland 0.08 0.06
Skin 7.14 1.20
Prostate 5.57 1.13
Rectum 5.99 1.14
Spinal cord 0.20 0.10
Remainder tissue 0.28 0.06
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Table 6. Effective dose (mSv)

Standard mode Low-dose mode

(A-mode) (B-mode)
Ist 19.3 45
2nd 18.9 43
3rd 19.2 43
Mean 19.1 (670.0/35fx) 4.4 (150.0/35fx)
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Abstract

Study of Absorbed Dose and Effective Dose for Prostate Cancer
Image Guided Radiation Therapy using
kV Cone Beam Computed Tomography

Jong Eok Na, Do Geun Lee, Jin Soo Kim, Geum Mun Baek, Kyung Tae Kwon

Department of Radiation Oncology, Asan Medical Center, Seoul, Korea

Purpose: To evaluate the results of absorbed and effective doses using two different modes, standard mode
(A-mode) and low-dose mode (B-mode) settings for prostate cancer IGRT from CBCT.

Materials and Methods: This experimental study was obtained using Clinac iX integrated with On Board Imager
(OBl) System and CBCT. CT images were obtained using a GE Light Speed scanner. Absorbed dose to organs
from ICRP recommendations and effective doses to body was performed using A-mode and B-mode CBCT.
Measurements were performed using a Anderson rando phantom with TLD-100 (Thermoluminescent dosimeters).
TLD-100 were widely used to estimate absorbed dose and effective dose from CBCT with TLD System 4000
HAWSHAW. TLD-100 were calibrated to know sensitivity values using photon beam. The measurements were
repeated three times for prostate center. Then, Evaluations of effective dose and absorbed dose were performed
among the A-mode and B-mode CBCT.

Results: The prostate absorbed dose from A-mode and B mode CBCT were 5.5 cGy 1.1 cGy per scan.
Respectively Effective doses to body from A mode and B-mode CBCT were 19.1 mSv, 4.4 mSv per scan. Effective
dose from A-mode CBCT were approximately 4 times lower than B-mode CBCT.

Conclusion: \We have shown that it is possible to reduce the effective dose considerably by low dose
mode(B-mode) or lower mAs CBCT settings for prostate cancer IGRT. Therefore, we should try to select B-mode
or low condition setting to decrease extra patient dose during the IGRT for prostate cancer as possible.

Key words: cone beam computed tomography, image guided radiation therapy, effective dose, thermoluminescent
dosimeters (TLD)
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