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This study is to evaluate the effect of a Contrast Media (CM) on dose calculations and clinical significance in Radiation
(Electromagnetic wave) Therapy (RT) plans for head & neck (H&N) and prostate cancer. Pinnacle 8.0 system was used to measure the
change of Electron Density (ED) of the tissue for CM. To determine the effect of dose calculation due to CM, we did the RT planning
for 30 patients. To compare the ED and dose calculations of RT plans, 3D CRT and IMRT plans were do with pinnacle and
Tomotherapy planning system. Mean difference of ED between enhanced and unenhanced CT was less than 4%: H&N Target Volume
(TV) 2.1%, parotid 1.9%, SMG 3.6%, tongue 0.9%, spinal cord 0.3%, esophagus 2.6%, mandible 0.1% and prostate TV 0.7%, lymph
node 1.1%, bladder 1.2%, rectum 1.5%, small bowel 1.2%, colon 0.6%, penile bulb 0.8%, femoral head —0.2%. The dose difference
between RT plan using CM and without CM showed an increase of dose in TV. The rate of increase was less than 2.5% (3D CRT:
H&N 0.69~2.51%, prostate 0.04~1.14%, IMRT: H&N 0.58~1.31%, prostate 0.36~1.04%). RT plans using a CM has the insignificant
effect on the organs and TV, so this error is allowable clinically. However, the much more accurate plan is possible as to image fusion
(CM and without CM images) to ROI contour and when dose calculation, use the without CM image. Using the fusion of ‘ROI
import’ perform calculations on without CM, it will be able to reduce the error (1~3%) caused by the CM.
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Table 1. The constant values used in analytical of linear attenuation coefficients.

Constant McCullough et al. (1975) Rutherford et al. (1976) Watanabe et al. (1999)

m 3.8 3.62 34

n 2.0 1.86 1.5

k 32 3.28 32

/ 1.9 2.02 1.6

a 9.8 x 107 2.064 x 1073 23x107%

b 125 %107 2.80 x 107 1.7 x107

c An exponential Klein-Nishina Klein-Nishina
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Fig. 1. (Color online) The electron density CT phantom of
GAMMEX RMI 467.

Table II. CT HU to electron density conversion measure with
GAMMEX RMI 467 phantom.

Phantom material }:i};};lzli?f;l Elec.tron density Houns-ﬁeld
3 relative to water unit
(g/em’)
Air 0.000 0.000 —1024.00
LN-300 lung 0.280 0.276 -725.29
LN-450 lung 0.480 0.463 —528.66
adipose 0.943 0.926 -97.18
Breast 0.983 0.960 -46.56
Solid Water 1.016 0.987 11.32
brain 1.053 1.049 19.29
liver 1.106 1.074 84.20
inner bone 1.129 1.082 192.88
B-200 Bone 1.146 1.099 210.79
CB2-30% CaCos* 1.334 1.279 445.81
CB2-50% CaCos* 1.559 1.469 807.36
Cortical bone 1.822 1.694 1203.25

dCalcium carbonate content as a percent by weight in a CB2 Resin
Mix.

(Radiation Therapy Planning system)3] Pinnace 8.0(Philips
nuclear medicine, USA)S.2 A3t EDE =43t}
(Table 1I).
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Table II1. Patient characteristics.

=175 -

Fig. 2. (Color online) Left: Without contrast media CT image, Right:
With contrast media CT image.
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IMRT planning< Tomotherapy(Tomotherapy Hi-Art System,
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factor, 0.287 pitch) o2 HAISIATHFig. 4). ZGAl <]t
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. Number of Age (year)
Treatment site Sex .
patients Min. Max Median Average + SD
Head & Neck Male 15 40 83 61 62.5+10.9
Prostate Male 15 59 79 72 70.4 £6.05




CTZGA7} AKX 8718

- 176 -

201 ke |
DgaSe S-OPSRONEBAK | =
Savours 85 |

“ohmz %

O Cigizy Onpse Soe Shin |
bz o & o —| ¥

Daplayouehhs n BEV LR+ Yes ® he
“
o  hred | g 2oz
wncontow reshelds (a0 [lage | T

sueconmaOptans. | 1937 1Rt
Aute-closs oarted zotars S Ves Ko | o,

oz cunioars Fun s, sdted sioe i L
Frevious 3ice| Suveersica| Netslca] |
Undalazt zavaurrg)

Irterclie yxoveen syTa.s
Dt wl e iz s
201 Expans enComactn .

Fig. 3. (Color online) 3D Conformal Radiation Therapy plan from
Pinnacle 8.0 system (8field, equal beam weight).
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Fig. 4. (Color online) Intensity modulated radiation therapy plan from
tomotherapy Hi-Art system.

Table IV. The changes in ED (Electron density) by CT contrast media.
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1. =G0 o8t U H5} =X
Ho] ROMIA EDS] 277} Uehdon STAYe|A 2}
ol7} ZA JEhGTh GTVE X338 CTV, PTVE 14~
2.1%, ©J3Fd 1.8~2.0%, 31Hd 3.2~3.9%, 3] 0.9%, A4
0.3%, A5 2.6%, 3t 0.1% S7FIHp =0.000). HH
ANHE 1.5% o|NZE zFol7t TA &Y}t TVE 0.4~
0.7%, BZE 1.1%, 8 1.2%, 2 1.5%, & 1.2%,
& 0.6%, Penile bulb= 0.8% Z7lelHoH, HEIZF=
0.11~0.21% FH238}THp = 0.003)(Table 1V).
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3DCRT: 57352 TVE 0.97~1.58%, ©]J&Hd 1.47~1.71%,
BlePA 237-251%, 3 1.11%, J5F 0.69%, 2= 1.28%,
Sk 0.71%=2 A ALt A2} S718tHp = 0.000). 2
HAAME TV 042~0.82%2 2|7} 4] Qgkom Haze
0.64% "33 0.87%, A& 0.97%, 273 0.82%, 7 0.36%
Penile bulb 1.14%, WEZFF= 0.04~0.08%2] A= ALt 2
7} Z7FFATHp = 0.000)(Table V).

IMRT: 57350 A TVLS 0.47~0.58%, ©15Hd 1.07~1.31%,
Sleb 0.8~0.9%, 3 0.11%, H4= 0.49%, 2= 0.58, 3jh=-S
0.71%= A% ARt A2} S71ATHp = 0.000). ARl =
TVZF 0.36~0.62%, HZH 0.84%, WF 0.67%, 24 0.87%,
27 0.62%, T 0.36%, Penile bulb 1.04%, THEIESF 0.14~
0.38%°] A= AlXF A7} F71s1THp = 0.000)(Table V).

Head & Neck Prostate

ROI No contrast Contraft Difference ROI No conErast Contraﬂst Difference

(g/em®) (g/em”) in ED (g/em?) (g/em?) in ED
GTV 1.027 £0.01 1.049£0.01 2.1% GTV 1.057 +0.02 1.065 £ 0.02 0.7%
CTV 1.024 +£0.01 1.039+£0.01 1.4% CTV 1.041 £ 0.06 1.045+0.03 0.4%
PTV 1.019+0.01 1.033+0.01 1.4% PTV 1.03+£0.01 1.036 £ 0.02 0.5%
Lt Parotid 1.027 £ 0.03 1.045+0.02 1.8% Lymph node 0.999 + 0.06 1.010+0.02 1.1%
Rt Parotid 1.03 +£0.02 1.051£0.02 2.0% Bladder 1.026 £ 0.02 1.038 £ 0.02 1.2%
Lt SMG 1.052 £ 0.02 1.093 £ 0.02 3.9% Rectum 0.946 +0.02 0.961 £ 0.02 1.5%
Rt SMG 1.061 +0.02 1.095 +0.02 3.2% Bowel 0.896 + 0.02 0.907 +0.02 1.2%
Tongue 1.073 £ 0.07 1.083 +0.07 0.9% Colon 1.03 +0.03 1.036 £ 0.03 0.6%
Cord 1.059 +0.03 1.062 +0.03 0.3% Penile bulb 1.062 = 0.02 1.070 £ 0.02 0.8%
Esophagus 0.940 +0.01 0.964 +0.01 2.6% Lt Femur 1.206 £ 0.02 1.204 +0.02 —0.21%
Mandible 1.516 £ 0.02 1.518 £ 0.02 0.1% Rt Femur 1.204 £ 0.02 1.200 £ 0.02 -0.11%
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Table V. The changes in radiation dose calculation by contrast media from 3D conformal radiation therapy.
Head & Neck Pelvis
ROI No contrast Contrast mean Difference ROI No contrast Contrast mean Difference
mean dose (Gy) dose (Gy) in dose mean dose (Gy) dose (Gy) in dose

GTV 62.54+1.86 63.53+1.18 1.58% GTV 61.35+2.80 61.85+3.10 0.82%
CTV 61.34+3.19 61.98 +3.06 1.04% CTV 61.31+3.20 61.76 £2.18 0.73%
PTV 59.05+6.14 59.62 +5.67 0.97% PTV 60.13+3.40 60.38 +3.54 0.42%
Lt Parotid 1748 £ 11.1 1774 £ 11.3 1.47% Lymph node 62.81+1.59 63.21 £ 1.66 0.64%
Rt Parotid 26.54+12.8 26.99+11.8 1.71% Bladder 51.12+£10.39 51.56 +10.39 0.87%
Lt SMG 27.68 +7.09 28.37+6.89 2.51% Rectum 48.59+9.28 49.06 + 8.90 0.97%
Rt SMG 29.80+3.43 30.51+3.33 2.37% Bowel 33.51+16.68 33.78 £16.56 0.82%
Tongue 2433+ 16.1 24.60 £16.0 1.11% Colon 35.88+17.74 36.01 £17.52 0.36%
Cord 42.61 +£10.7 4290+ 10.8 0.69% Penile bulb 4745+7.49 4799 +7.71 1.14%
Esophagus 3823+ 124 3872+ 124 1.28% Lt Femur 25.50 + 14.06 25.51+14.07 0.04%
Mandible 2097+ 12.7 21.11+£213 0.71% Rt Femur 2638+ 13.81 26.40+£13.68 0.08%

Table VI. The changes in radiation dose calculation by contrast media from intensity modulated radiation therapy.

Head & Neck Pelvis
ROI No contrast Contrast mean Difference ROI No contrast Contrast mean Difference
mean dose (Gy) dose (Gy) in dose mean dose (Gy) dose (Gy) in dose
GTV 6145+1.12 61.81+£1.13 0.58% GTV 63.20+2.36 63.59+£2.56 0.62%
CTV 61.08+1.14 61.41+£1.23 0.54% CTV 62.25+1.98 62.56+1.85 0.49%
PTV 60.34 +2.11 60.62 +2.11 0.47% PTV 61.46+2.89 61.68 £2.56 0.36%
Lt Parotid 15.66 + 6.67 15.83 +5.83 1.07% Lymph node 52.85+4.87 53.29+4.09 0.84%
Rt Parotid 20.46 + 8.65 20.73 + 8.47 1.31% Bladder 4458 £9.02 44.88 £ 8.41 0.67%
Lt SMG 22.69+7.56 2290+ 7.11 0.91% Rectum 4038+ 8.4 40.73 +7.06 0.87%
Rt SMG 24.08 +7.32 2427+727 0.80% Bowel 2447+1143 24.62+11.38 0.62%
Tongue 26.66 + 14.55 26.69 + 14.63 0.11% Colon 33.89 +10.59 34.01 £10.95 0.36%
Cord 13.14+723 13.20+6.71 0.49% Penile bulb 37.49+5.25 37.88+5.53 1.04%
Esophagus 27.55+3.78 27.71+2.82 0.58% Lt Femur 24.60 +10.11 24.63 +10.95 0.14%
Mandible 27.06 + 15.89 2725+ 14.0 0.71% Rt Femur 23.55+10.68 23.64 +10.77 0.38%
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