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— Abstract —

Clinical Dosimetric Planning for Total Body Irradiation
S.J. Lim, G.E. Kim, D.H. Lee, S.S. Chu, C.Y. Park

Department of Radiology and Nuclear Medicine

Yonsei University, College of Medicine Yonsei Cancer Center

Widely applied total body irradiation (TBI) for bone marrow transplantation and treatment of lym-
phoma and disseminated other malignancies, can be effectively performed when uniformity of dose
distribution is established.

Special considerations for TBI dosimetry are required as several problems associated with very large
field size and long source-skin-distance (SSD) arose. For the TBI with LMR-13 linear accelerator, radio-
biological aspects, techniaues and methods were discussed and through direct phantom measurements,
basic radiation physical data were obtained.

Following results are presented.

1. Adequate field size up to 130 x 130cm for the whole body at 4.1m from the source can be provided.
Though about 20% decrease of beam intensity in the corners of the field was detected, uniformity of
dose distribution can be estaﬁlishec_j with the patient seated with fiexion of the legs.

2. Lateral opposing two portals were used as the treatment geometry.

3. The bed made of styrofoam was devised for the fixation of the patient position and thick hospital
gown itself acted as the bolus.

4. Compensation filters were designed for the uniform dose distribution and the central axis dose dif-
ference less than +5% was achieved.

5. For the further repeated measurements, humanoid phantom in sitting position, as large as a man,
was made with the use of soft tissue equivalent paraffin compound and lung tissue equivalent cork.

6. Dosage at several anatomic locations were monitored using TLD chips.
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Table 1. Composition of Tissue Equivalent Phantom

Tissue Material Percerlxtage Density
of weight (g/cm?)
Paraffin 85 0.95
Soft Resin 10 112
TeE o ettiviens 5 0.98
Lung Cork 100 0.33

g

Fig. 2. The phantom made of soft tissue equivalent

paraffin compound and lung tissue equivalent
cork.
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Fig. 3. Tissue quivalent humanoid phantom in treatment
position.
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Fig. 4. Compensating lead filter on a plastic tray.

24 Al ¢Feg, T,
Sn glom ¥ Al A ¥R o L5
o YAAg L RAae) B Fudel Heh 344
e

B Ao wE 24 of shate
o] FolAlek

4 59 248

7 (Le) & =43 2

A4 Te F7A ¥ El3L, Ocomp © 24 28 &
Ao Wgold TD v ddA 23 A& F724
Zhe},

TD=Limax =L+ (1 = 01ung ) Liuog

A Ligg & WAHAL0] 2 bE 2 Alal S o) o
L & wpatdde] AAvisbs AA FAelx
Aol 2 vbrte ® e FAlol e,

i A e e e R
Ak e A# Eaxsh TS Rier obg

| 23354 =k

2% 5el4 PHe WerT

o

A%
3} ZFo

2 shwl 29 g Avke

1.0 xh‘“‘ﬂ”‘,::"‘*-- X
- S—— \‘
¥
08 %k
x L o P Y
° -
o 0.6 L—
o
21
>
<|t 0.4
= o—o At 4.1m :
2 x---% At |.Om B
0.2 )
S
o TSR T S iy R
02 04 06 08 1.0 2 14

Fig. 5. Beam profiles along principal axes.

Ao siiel 23 Fogdate] Az da 39 AW F
7l e uk e d :%~ max oHE A A 2Ald re4 #
4o TMR -2 chg3} 7ho] Foja e}

TMR (d-7) =K x TMR (d,, -7)

ANA d, & ¢& FibF B4 qakae] 24 85AL
5 b2 o] T& 4 gl

ALe = (dy =d) T/0comp

EoehE o ¥ 69 J)golel slEe A =
Ao AE ok AT pg o Frlx Kb 3
Al 4 whg 3k zro] F& ¢ ek
KT

AL, =
Heft pcomp

1.00F
090r

0.80r
0.70r

TMR

0e0r

0.50r

0A4as 5 [¢ 5 20 25 3C

Depth in Polystyrene (g/cm?2)

Fig. 6. TMR vs. Depth With 10 MV X-rays SSD 4.1m.
24 A e 29 49 ol o, &, A%, chel,
Soz Tt A 2Ead o

28 7T A4 24E 1% 24 o) Az} A

024 Asme alss] Aol el A AL 2 st
neck
foot thigh |, head
leg I__ng

Fig. 7. Schematic diagram showing areas of compensa-

tion.

—639 —



2 Folx 24 57t BAE 749 TLD
CaSou Mg ol gsbgon o ¥% Hoe 28 § 3

23 ZE wEL 1y 99 Fe

10

Dose Response
10 MV X-rays

21

Light Emitted (nc)
s}

o——0 CaS04 - Mn

o el a~---= LiF
' "’ 1 1 ¥ A |
10' 10 10° 10*
Exposure (rads)
Fig. 8. Light Emitted Responses of LiF and CaSO,
Mn.
107 rLp-100(LiF)
I7 10 MV X-rays
r_
L

Response (TL/rad)
a
T

1
10° 10° 10* 10°
Absorbed Dose (rads)

Fig. 9. TL/rad Response of TLD-100.
74 whddol ek A% EEE
aL

Ue AL & Arelst

of WA A F AN Wikl 4 w2
54 Bl oA ABEE A T FAe 4
ARe AAsted Awe AN EEE T SH

25 A% =342 Radocon 1T, 100 HA % R-meter
o AFY T4 EHAE T5 ALY (Sr-90) o] ¥A
A7 2 ZAA 272 A § phantom W el A

Aska Aldlgl Aeka Ao =z} FH g

N

A w4l &4 &3 (ICRU-21)

o stel WA AR FHE 24 S B2 TAH
©

m. A8 839

A% bAoA wrAlEl 10 MV X-419 Feiduke

Mul 22 ukd o

k35 (phantom) We] 2o A%k 2
AZla Adde) FAA 24219 FAZ At 100
cm, Z4bHoe] 10 X 10 cm ==& 248 T d-Hg A
FEe wFA7d

A7 e,

14 A 2 42 (monitor units) 3} &) %]

100 cm

A zAb by Aol A 2 g A% 2 Ho)
A 410 cm B AR o wfel 24" ® o 130%x130

cm 7k 24w e A wg
(Collimeter) % sh&el] o3k Aatde] =zl ¥ 3lsle
T4 Zol7t dal = Fok Dpol gk Ald g

g3 2o

qx YA Tl

\_

Dr x (f7/F)°
TMR (74 -d)x S, (7.)X S, (74)

3714 TMR (74 -d) &= 2% 63} o] z4lwdo] 7y
ol 7‘017} del zA W}l 3o A = A} e]—%o]
o S, (7)) & AR o] dla 2] ele 9 Aekgolm
(rg) = 39 4bekgolch

= EF Arlols f & 493l ghxp FAlne
Ae24 B Adell s 4.1m 2 nFAAk

Bate] zAbwol] wE x4bd a4 (field factor) &
" -3 F3 ¢ ¥ (Area per meter) of H| @b 2%
ot o3& + 2% nlgte] itk

ez X -Ale] ot 22w & 4
2k X - A9 el vz, x4k, A3t A
gael #9 5 #e adld st

M. U=

2 gz A
v orge
g, Ao 71e7,
o 33k}

29 108 AA3 5839 A A2 1 mst 4.1
me o] e A Al
o] 2R el 4 o ARAHL ok 2.5 cm B4 A9

NS AR BES o ¥ 44ee Jehin

LAY e He 24 A4 24 gl F
954 AY 7HE7lE 234 Im
3w 30x30 cmola HEetE+ +2%



% Depth Dose

o——o At 4|m

40y om-ma A1 10m
|
30k
20 1 AL A 1
(0] 1.0 20 30 4.0 50
Depth (9/cm?)

Fig. 10. Dose Build-up with Depth Compared at SSD =
1 mand4.1 m.

S 52 Huk odatsbe] Aat nA o] ot A
A 242 sl 2899 ALE 4.1mE AR AL

n| vlo]

Z2AbH 2 130x130.cm & B s 1 24 S 3 A
2B (corners) & HELE b o] $ chE ok 53] A

ARl weh zAEe B A A o] §Y A4t B
o o9} 2& A% ool thel 2y Aol k20 %

ey ARl Y wAte] Aashsh

2% 5% 244 22 1me 4.1mo Al 3
B z4Ee F4A AR FH5E o2 T4 whe] AR
2 243 Aol 1Y 11L& HAUE =t AL AL
2A z24E S AA 0w 3 AW Aure e A3
Aup gy, 22 Rro A FA5 T

1.0 ';N—_ho__‘___o"_",_;:,\‘
! \ ™
o X
o8 N
i R !

i AN Y

= 06 F M

£ g \

2

Z 04 r

1

5 o—o At 4.lm

0.2 r  x--xAt | Om e
.
I U S ST  S OJ Air - M
02 04 06 08 10 1.2 14
Il 7 L
Fig. 11. Beam profiles in the diagonal direction.

Al 24 gl e B2 Aty wpApA zherAl A
2. Aol =27 w4 24 %4

g el |
A% 4
4

Axa 217

Yo
120K

110

Midline Dose

100

133 2&

zAddol BA ABFG 24E SA
qepe] oistel BAL FAIEY AL E 2N

o 7ol FR4E £3

IOMV  X-rays
SSD  410cm
Humanoid Phantom

Fig. 12, Midline dose ratio without compensating filter.

Fig. 13.

8,
i3]

EERS

lo] YUY ABLEE

P AR ZA 93 ABose 33 P

Dose Distribution Without Compensating Filter.

2)5}od

A A7)

93t F 29
2] v & of
sl S o 29 14 9 22 A9

At o= Aldbe] ot FA

r:lrj Lo

i e

-
B 5% AR Fd + Ao

EFHaE oF 2.45 o]

o] &3t 2ol 4L Fste] oloiA RE AEE o F
el ¥ 15 9 o] 3AAF A e 2F A F
Tz 5 HeA stz 2% 163 o] AT Az
4.1m ¢k 22k 130%130 em el A A Al A4S AlE

~ 641 —



Table 2. Physical Data and Beam Parameters for a Patient

SSS 410 cm
Positi Half thickness Fractional depth Tissue Thickness of
RS (cm) dose (TMR) (%) deficit (cm) comp. filter (mmPb)
Top of head 3 98.0 17 1.38
Center of forehead 7.5 91.2 12.5 1.09
Bas e of chin 6.5 93.5 13.5 1.18
Neck 5 97.0 15 1.31
Suprasternal notch 20 66.8 0 0
Lung 20 (9) 719 6 0.52
Xyphoid process 21 (9) 79.0 7 0.61
Abdomen 18 70.3 2 0.17
Umbilicus 18 70.3 2 0.17
Pelvis 20 66.8 0 0
Thigh 13 79.8 7 0.61
Knee 11 83.8 9 0.78
Leg 10 85.9 10 0.87
Foot 8 90.2 12 1.05
—* b
—_— <«

Fig. 14. Dose Distribution with Compensating
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Table 3. TBI Phantom Dosimetry Bilateral Fields

10 MV X-Rays

Without compensator

With compensator

Section Mid-point dose Mid-point dose Mid-point dose Mid-point dose
calculated measured calculated measured
(rad) (rad) (rad) (rad)
Head 114 113 100 96.0
Neck 121 125 100 100.6
SN ; 98 99 100 93.9
Mid-mediastinum 109 106 100 99.0
Lung 106 106 100 98.1
Xyphoid 103 106 100 97.3
Abdomen 100 99 100 99.8
Pelvis 88 86 100 101.4
Thigh 95 92 100 101.3
Knee 103 98 100 101.1
Leg 112 120 100 102.0
Mean 104.45 104.55 100 99.14
Standard Deviation 8.90 11..04 2.45
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Fig. 16. The patient in position for lateral beam at SSD =
4.1 m and the field size 130 x 130 cm.
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