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Fig. 1. Reverse hockey-stick technique for post-mastectomy radiotherapy. SCL:Suprac-
lavicular lymph node, Lat CW : Lateral chest wall, Ant CW : Anterior chest wall, IM: In-

ternal mammary lymph node.

BOLUS 4% SHEET

Application

\

Fig. 2. Design of individualized custom bolus and its application.
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Fig. 3. The isodose line distribution of a patient with left side breast cancer. (A & B),
Axial images without & with compensator respectively. (C & D), Sagittal images without
& with compensator respectively. Line color vs % dose; red 100%, green 95%, grayscale
90%, yellow 80%, skyblue 70%, blue 50%, forest 20%.
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Fig. 4. The isodose distribution of a patient with right side breast cancer. (A & B),
Axial images without & with compensator respectively. (C & D), Sagittal images without
& with compensator respectively. Line color vs % dose; red 100%, green 95%, grayscale
90%, yellow 80%, skyblue 70%, blue 50%, forest 20%.
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Fig. 5. The comparison of DVHs between with and without compensators. (A, C & E), DVH in a pa-
tient with right side breast cancer (No. 7). (B, D & F), DVH in a patient with left side breast cancer
(No. 8). (A & B), DVH of the ipsilateral lung. (C & D), DVH of the contralateral lung. (E & F), DVH

of the heart.
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SAekTable 2). Ak 571 gl Yol ARG 4§ A%
of FEEA WeHE WYl AL FF A%k Vi Vesolsleh. X
WA 2 HEAY G MrhE AelF Hold ggirh o
B Rl QgRos WA B s SAEe
£ on] g el Qrka HwEE E= 9 FFA
g 7k FF 2757 GyollA 2327 GyE Zasldrhp<
001). AAre] HFAek 7+ 893 cGyol|A] 729 cGyz 7}

Table 1. NTCPs of the Normal Tissues (%)

Patient 1psilateral lung  Contralateral lung Heart

No. A B A B A B
1 67.0 250 0.0 0.0 00 00
2 680  45.0 0.0 0.0 00 00
3 900  56.0 0.0 0.0 00 00
4 69.0 322 0.0 0.0 00 00
5 920  55.0 0.0 0.0 00 00
6 750 510 0.0 0.0 00 00
7 940 450 0.0 0.0 00 00
8 770 370 0.0 0.0 00 00
9 920 770 0.0 0.0 50 00

10 780 540 0.0 0.0 00 00

A : without compensator, B: with compensator

Table 2. Dose Statistics of the Ipsilateral Lung and Heart

Gtk Vs 7S ZABAAE ALl ke AL

35 5
AR oA 22k HF 545%)F 168%Q=0, 228 7
%S}t 98%% IA| Fastom, Vo e B J41°11
174%NA 11.0%2, AAA 6.1%014 22%% 7HAst3)
5 s M SRS Voo 9 Ve lo:ﬂﬂ SIS
AS AgsA A4S ) 65%F S ¥ VA s
< BY 2ARAA A4 579 Adele] 2% ool A

o
s

2

B}
©

=|
5.

N
w

=
°
<
A %

QAT SNttelsd ol Bhe °H’~§—°M 2 ot 2

2 vh gJek P AEEE S8 el )

Aol AR R QFFAA F ALEE BEATAD
BEEE TN RO Bag 3 Ao o, ol
AFEAA AEE Z7PE AW FLF ol Ahedl o

2 21, 22)
2 % gk

e RAHAY BAANE 1% aleleka

P N Mean dose (Gy) ~ Max." dose (Gy)  Min." dose (Gy) Vso© (%) Vos® (%)
ts No.
A B A B A B A B A B
Ipsilateral lung 1 24.5 20.5 73.5 75.6 1.55 1.72 49.8 39.0 153 7.5
2 25.6 229 69.5 774 1.81 1.53 51.9 449 13.0 9.6
3 294 24.3 65.3 714 1.90 1.86 58.5 48.0 17.5 11.3
4 25.7 214 68.5 65.3 1.81 2.03 50.8 42.0 154 7.4
5 29.8 242 67.8 69.5 1.78 1.69 58.5 47.6 21.7 101
6 26.4 23.5 68.5 70.7 1.71 1.78 51.9 443 16.5 15.2
7 30.5 23.0 753 75.2 1.85 0.31 60.2 45.7 274 13.1
8 26.8 219 68.4 76.7 1.81 1.73 52.3 40.7 18.5 13.0
9 30.1 27.0 70.0 714 3.06 2.77 59.5 521 144 134
10 269 24.0 68.9 65.7 1.86 1.85 54.1 48.4 14.7 9.2
Heart 1 10.6 8.2 54.1 50.3 1.09 1.40 14.7 9.1 1.8 0.0
2 39 4.6 40.4 394 0.84 0.86 1.1 1.0 0.0 0.0
3 49 4.0 438 424 0.94 0.93 22 1.7 0.0 0.0
4 15.2 10.8 60.0 62.0 1.64 1.91 241 14.7 10.5 3.1
5 43 8.8 58.1 52.0 1.65 147 221 10.5 8.6 0.3
6 10.4 9.3 53.5 60.7 1.18 1.77 13.9 11.0 3.5 19
7 5.8 4.0 48.8 34.9 1.45 0.98 6.5 0.1 0.2 0.0
8 131 8.2 54.6 58.4 1.42 1.55 20.2 8.7 6.6 5.7
9 284 20.3 60.1 59.5 2.32 2.55 52.6 34.8 284 10.4
10 89 7.3 63.1 55.0 1.52 1.52 10.3 6.5 1.3 0.1

A : without compensator, B: with compensator
“maximum, "minimum,
organ receiving at least 95% of the prescription dose

"volume of the normal organ receiving at least 50% of the prescription dose,

Svolume of the normal

_88_



o
>
N
>
o)
o
o
o
>
2
N
>
2
o
o
o
i)
ok
R
b
ot
ok,
2

LU TR
i~
ke
X >
e
i)
oF ;LE
>
r; N
i
FN
E
=
2
o
o
é
:—_l, o!
O‘r
0%‘3
x
2
o
N
>

5z O AEE B3, IR
=4 Aelrk s T, Tl S A
= 9AE ojgow Aud dnas) 4T

=
i)
i
£
)
o

e
X
ol
-'lN
iz]

O
oot (K

tish Columbia F-2+9] QJAkedTollA] getslste
Mkl Wg % o waAlolE Fak ohlel AEEE FA
FAETE Ao Ql=w 9kt ? ulepA AESe 49 o
Eol| A5 4ol As Eolv] Sl Ho g, TS Al
A AAx g 7oz S FHidshes wEe I
A7kt

WA &

AR Az Do fuol A
9}9} B2 2 o 50
ol A A 25~283] Fd=AS
A 5 19 PGS B4, S A A 7
Adew Ak $& PAden ARl o
A F AAZ e 471 ek AAeR ARahe B
< A F VHRE s g7 dedl, 3 A (classic
technique) ¥} reverse hockey-stick techniqueo]ch(Fig. 1).
TAA HRAL Al ZA g oMol TA ] 1719 FA}b
2ok, gD A 1] A 2ok, FHA
3 sj2gue Al he A4 FHEACkE A3
s ZIHoE ofy] 7]ellA &3] ARE I e Wielx,
reverse hockey-stick technique> % 7]9] X §zAtokzut JLA
o, eddzd, dekgl=Ad g o% s 3 i
g

r_>a

H

O
a

O

A 2Aokz AUEd 2 NSHLAL T B A
ZAolE X &

deh. A g 20k} Aol Y Aol 9l

2R R 249 A4S 915 el Aagelse A
of 245 % gk Aol Wl o] AL 9% TS AR
Aow zAstel wad FE4 Age] 249 4 Uk &
o At ZA Aot B WAL FE FEI =

W e A SINe) Gk A, 23 Fh A

i=4

ZuloloL A (posterior axillary line)& ‘dolAlE= 7% Bl
e Sasteha Az A Fe Badow
Bole e #UEETE F Adse A A8
A FAskAl AAHeR X Eske ZWelth o] Afelle
ofg] 7HA] Alofe] g e, HRHZAE TFA7IH
Wb 4 A4S s Aol HAAK 2] Sof

Sk webA WgAZAL BEew AW 47 24
AL Fe B 20k Aol WEo|(RE AE HS
102 A% 7} 37 Agsp|= ek 2ot a2
FA2A0) Aol WSRZA 2okl BAT 2ol

N

A_icﬁo?

e
z 5

10

pal
FU
L]
40
;

re
FA

NEAM N & 3R XIZA

Jor

=2 =
= oS

]

"84

HL
x

i R=R 75]7;“d —g,—].Hl—gi ;‘(-]H]—HE]:O]-;)—].Q] Z]| A 2R A o] AH7]J:.
AL glovl, A GAE 2Aoke] st wie] X8
e Aol Al TABAH] Ayl A} ubyet
b A e AR eshs win ApHeR A
23 P 3 old o] B $5wickn g & gl
Az 7% dE AN Auiete] 0% SHe =
Alo] 1% Furt Zo] AN =AelAE F Aol
23] "WolA= AHo] gloumg FH 2 Fof| Ao &
3l olg=n Qo ozl gkl F4 FE FUekES
Y § Qi 2HRAAE TEolA) Agdekd a4
Aol WA 2AE Fh3} & 5 Y olAvt ZuE B
A8 Agsls wyuet ol el whrka gzt
FHE Aoz advkn rjes X8

-ll',

>~.

EPRA

FHel Sl hS BFUI) whell BT At A
Aol ;A% D Ik PR 247 A S 9l ol
Suel7] A P BRoR Fo] gk Yol FAE

BAY F U 2ARGAE Adslels wde] UF B
ol 9le}. Archambeau 57
Cancer Center, Bronx Veterans Administration Hospital, Chicago
University 5 oll4] w7 A145 d7e] dgidgel B
AFrellxlet FABHAl FdslA 33k Y FAE AlEs] 2
AF8]= variable thickness bolus (VIB)Z= 22 HAFA|e] A2t
I} ole] A Gl dheljA Hagk wp glek o] <dellA]
VIBE FHelle A% Adks 2ARHAL Sl 914
gk #Ho] A Kintegral dose)s FHAEAIIRAL slglow
VIBE o] &3t A4 X589 7% FA4AE ol &3k HAhd
2zl nlel] kAol 80% olde] wAide] =AE=
#lo] AHe] B A5 Haslch

Tgolt A AVle] ALK El tiZE v oI5
=g 7H 23 Q4= vhAA 31,]. WA ZARA)
Holeh 27 whz o] F A 4] 4
Aol QAR 2ETROZ QoA 21 ﬁlwﬂoﬂ wl
S 8% Eolch dehl, & BA eld F A ol
A gAgo] AER A% o FolA 7 A% DVHE 71X

3 ofw Aol A1 S5k AAE Hlel Aol of
298 A7k % ek oled A AEANEY $4 £
A5 vlZE el X} ARAE Fofslr] flste] s
Mdo] ZokAlo]EHE-(tumor control probability, TCP)Z} 7§,/“'Z
ﬁi}‘ﬂé%—‘%‘ﬂa solk o] MdES AAHR] 5L Pl
49 B Axe) EoE FAAoE ARNETA e
Q%) Ag-galwi w9 "o Yk FPEAPYZIA

B2 3 AEEle 2ol goiA "@AA S 7HA A

Memorial Sloan-Kettering

E R

P

_89_



o)
]

LA B 2SS X 2003;21(1):82~93

wao] AE T glek. 1 shis Lyman 5ol el Asidl
739" R wl(empirical model)o] 1, FHAM|= functional sub
unit (FSU)oll A%+ 7154 ®e(functional model)™ o]t}
Lyman Rulol] Kutcher®] histogram reduction methods %=]3}
o Y5 74¥A 29l Lyman-Kutcher 25lo] |24 7}
24 de] ALEI e NTCP 2HQld] B dFdA % o
RHlS o] g3sle] NTCP gh& Alkslsich
Z2ABAA AL a8A4E ksl feted 94 4
XS Ao vl Hoks wiFg 2, 3) A&
Aol A= Aol z2AE= WAL AEke] z2ZE
A&sle Wl A&eA ek 7ol vl 80% o4
Aeg Adde] AR AL AFell 2AEE & ol &
ok BHE 95 S Sl g el A
o] glenw & ukz 2| Aol WhAAe] A3E wXA
e, o7l HAgAE HE3 75l oA FA o
A Aol Al 2RS4 o, AW b
(anterior pleural surface)ol] *HFA 2kl 80% 5
AN A & 5 AAdvk A 9o gAtEelA % o]gt

9
o M
S

wu o

Bl ox do ot
ii]:‘:.

facs

to

2

Aoz BelE Fd G4 ARdoln FXHQ
Moz Zujsly] Sjele] ARAAelsEIRS 2R
A Ag AFE 7 A7 wase o 2ARaA A
£ 3 A%l gdolA WA © e REE Helg & 4
AT AAZAJYZRAEE Aol 2A8E WAL A
23} AHol webd weldl, ol AL SAE AgreA
2 27 Hk. olu) A18717} FAekA Wele AAA e

At A ddol WAl dist eySEe] 7 W
Al SxFehs @l olieh v At AH f el
PHT WA DL winlelar, 4] olir} F2 Al
A Gl AE AE W37} kel wheby BAgA A
& A2 A 1099 F7 A g2 LA E] 802%
oMA 477% % 7% A2 Ackt Wstola o] MsHE el
g A AR Al do] iz s-AY AekerAle
7P 12717 2 49, 5 IS LAEel 7HE Rizte
Atk ddolRlar #E o ek wRhA freke
A F9 A5l Yol z2HRAA 242 T U4
o] 7P Wizt de] ARt AH S FAAIA NTCPe
ot g oP1E & gle 9] e AEnjoletn

T 9= Zlolh AR A A7te] v ]ofoll

FTEC] 719 0%l 7P ghe B9l AR Aliks
o]

rir

0
o X oY 18 i
3

N
&

.

0.
2

=
2

©O:

o Jf fo pd
(2odo ook pd Nomn X X fo

22 WA HE AFE NTCP| 2 ¥3l% glgich siA

IRE W ol 42 A5 SIuzh GE Aol el
A9l A ABNAAE el FAA AR BBF TAE
o YR 45S Belch BAdelt AR 2Ak B
x|
[e}

APPSIAL FAA dd) AY ARur g oo
olmE PWF WAE U 7 W} vulgivkn ¥ S ook
A

FAA A 2A kS A AR A 54
g SAES] ST U9, oA SAR Adwks
A9 7127 Wb} wm|d g2 At A el
71€7] Wb G4 A AHgd ez Z91E 9y
ghcka & 5 Qlck oldl A Al AddelAe =g A
Fah AF dole] widlele o} mIZhslmE Fel] thik
ARl gF zAofol] 22 HAAA HEog I3k vlad A
- A Ao Zaol® AL Fulell 7kg dHE
T Adekar Az

NTCP o]9] ¥ 714 §AH ZAAFEo] WX S &
o} g% el it Hrkel Kol AgEm ek
2 dellAe HNAFEDm), HEAFEOm), BT
(Drmean), Va (volume % which receives a dose >d%) & 4
s} Kwa 502 5408 9] @2 345 ooz wAAlS
b Al QIS BAH 2 A B ATl HA
A WA Barelglek Maks 57 F5 AR &
A7) sl & A= oS AR 30 Gy o =AE:
Aol A g gl A4 AE A vl A Sl
oJu| Qhg-& Huglon, FAo WAAAEY F4 L vl
E3 NTCP 33 714 od3t 9lgivkar Bagic). Dale 572
Lyman o]l 2713 NTCP gk} 712 2 437} w1 %A
ke 1 zAel Fyuel webd dhzehn s, ol
& A7|(serally organized tissues)Ql 73-$-oll= & tHA ZH(Duax)
o], W&E¥ #7|(parallel organized tissue)Ql 73-$-oll= FobAl
HOres) H& HFALOmnlol, 217 0] Q2]
2A7) wely 2ol ¥ AV A FHAE
BEAF F ol A= AFA NICP g3t A3 o
= Haslgleh B odellAe HFAEe] 2,757 cGyellAl
2,327 Gy2 A Zasiglon A 2 T Vo,
Vo= A ZHastsich

A A=ARHSE dFoE As] A58
P Axe fivk A7 AF" oY) 7HA AxEe] HA
o] A&E 3 A ALY AT At & 5 dZlek 2E
53 A Folt FgAlolol gk dl&o] k] At
i Al aeass vige s
skaL Qlek o= HE3F V|Ee] AAHs| g Av 7

N

™

[t
ne,
o

O
L.

of

)

& r

|
O
<o
|



R ENs

ol

2718 e BAEe] 2 AESH 7] (biological function)
& VTR 71 sl et e AR A A
71¢] 7163 A3t 7L, AEH FAA 9 Sl dahs
ZAAks)elZ2od(single photon emission computed tomography,
SPECT) £-& 13l 7|54 A =:A1As] A E 18 (functional
DVH)e =] Hel e NICP k¢ 9¢ 4 AES o

L 77} Ashz|ojof & Aolt}. AU EA] NTCPE A

L

etz A A2AR wn Grlel Yol B

-

oJul7} Qe Ao QA Y He] A3k Aol
AE PAIAE F X529k A Sl di A%

&

o /M Fo3t QAE NTCPE ghel™ wheba 349 ¢
HzgxgollAe] Feadt XgAR HrEAL A F
NTCP9| o] Azl 2 ul5E ApAgvta A=k
2 drelde ke e ¥ P HEE dAdE
o] g3 FHAFol| glojA WAIHE 7]ES Lyman-Kutcher
Selol] 718k NTCPE AHgsto] 7ksliom dabd =24
ofollA] FHe FAE FIIEE B AMHsE =225
GRS gkl 719] HH50%) S Fraeto]

[}
AAIRTT

sho) Ago] AF PAElolor & Aolw] g aellA of

28 Al 444 P BAF L9 & dAHEA

AdAQ 249 9 A7) Bey Aow Az,
S

1. Overgaard M, Hansen PS, Overgaard J, et al. Postopera-
tive radiotherapy in high-risk premenopausal women with
breast cancer who receive adjuvant chemotherapy. N Engl J
Med 1997;337(14):949-955

2. Ragaz J, Jackson SM, Le N, et al. Adjuvant radiotherapy
and chemotherapy in node-positive premenopausal women
with breast cancer. N Eng J Med 1997;337(14):956-962

3. Rothwell RI, Kelly SA, Joslin CAF. Radiation pneumonitis
in patients treated for breast cancer. Radiother Oncol 19854
9-14

4. Price A, Jack WJL, Kerr GR, et al. Acute radiation pneu-
monitis after postmastectomy irradiation : Effect of fraction
size. Clin Oncol 1990;2:224-229

5. Hardman PDJ, Tweeddale PM, Kerr GR, Anderson ED,
et al. The effect of pulmonary function of local and loco—
regional irradiation for breast cancer. Radiother Oncol 1994;
30:33-42

6. Paszat LF, Mackillop WJ, Groome PA, et al. Mortality
form myocardial infarction after adjuvant radiotherapy for

2EAL

NI

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

_91_

i
re

EHEAH O &

3%t

0

XZAH

Jou
1jo

E
=]

]

%%A—!

XM
=] =

HI

A
=t

breast cancer in the surveillance, epidemiology, and end-
results cancer resgistries. J Clin Oncol 1998;16:2625-2631

. Das IJ, Cheng EC, Freedman G, et al. Lung and heart

dose volume analysis with CT simulator in radiation treatment
of breast cancer. Int J Radiat Oncol Biol Phys 1998;42:11-19

. Gyenes G, Gagliardi G, Lax |, et al. Reevaluation of irra-

diated heart volumes in stage | breast cancer patients
treated with postoperative adjuvant radiotherapy. J Clin Oncol
1997;15:1348-1453

. Kwa SLS, Lebesque JS, Theuws JCM, et al. Radiation

pneumonitis as a function of mean lung dose : An analysis of
pooled data of 540 patients. Int J Radiat Oncol Biol Phys
1998;42:1-9

Segawa Y, Takigawa N, Kataoka M, et al. Risk factors
for development of radiation pneumonitis following radiation
therapy with or without chemotherapy for lung cancer. Int J
Radiat Oncol Biol Phys 1997:39:91-98

Ginsberg RJ, Kris MG, Armstrong JG. Cancer of the lung:
Non-small cell lung cancer. In:DeVita VT, Hellman S, Ro-
senberg S, eds. Cancer : Principles and practice of oncology,
4th ed. Philadelphia : Lippincott Co. 1993:676-723

Lyman JT. Complication probability as assessed from dose—
volume histograms. Radiat res 1985;104:s13-s19

Kutcher GJ, Burman C. Calculation of complication proba-
bility factors for non—uniform normal tissue irradiation : The ef-
fective volume method. Int J Radiat Oncol Biol Phys 1989;16:
1623-1630

Ragazzi G, Cattaneo GM, Fiorino C, et al. Use of dose-
volume histograms and biophysical models to compare 2D
and 3D irradiation techniques for non-small cell lung cancer.
Br J Radiol 1999;72:279-288

Martel MK, Haken RKT, Hazuk MB, et al. Dose-volume
histogram and 3-D treatment planning evaluation of patients
with pneumonitis. Int J Radiat Oncol Biol Phys 1994;28:575-
581

Oetzel D, Schraube P, Hensely F, et al. Estimation of
pneumonitis risk in three—dimensional treatment planning us-
ing dose-volume histogram analysis. Int J Radiat Oncol Biol
Phys 1995;33:455-460

Hurkmans CW, Borger JH, Bos LJ, et al. Cardiac and
lung complication probabilities after breast cancer irradiation.
Radiother Oncol 2000;55:145-151

Pezner RD, Lipsett JA, Forell B, et al. The reverse hock-
ey stick technigue : Post-mastectomy radiation therapy for
breast cancer patients with locally advanced tumor presenta-
tion or extensive loco-regional recurrence. Int J Radiat Oncol
Biol Phys 1989;17:191-197

Fletcher GH, McNeese MD, Oswald MJ. Long-range re-
sults for breast cancer patients treated by radical mastectomy
and post-operative radiation without adjuvant chemotherapy :
an update. Int J Radiat Oncol Biol Phys 1989;17:11-14
Uematsu M, Bornstein B, Recht A, et al. Long-term re-
sults of post-operative radiation therapy following mastectomy
with and without chemotherapy in stage I-lll breast cancer.



CH

]

23.

24,

25,

26.

LA B 2SS X 2003;21(1):82~93

Int J Radiat Oncol Biol Phys 1993;25:765-770

. Cuzick J, Stewart H, Rutqvist L, et al. Cause-specific

mortality in long—term survivors of breast cancer who partici-
pated in trials of radiotherapy. J Clin Oncol 1994;12:447-453

. Rutqvist L, Lax I, Fornander T, et al. Cardiovascular mor-

tality in a randomized trial of adjuvant radiation therapy ver-
sus surgery alone in primary breast cancer. Int J Radiat On-
col Biol Phys 1992;22:887-896

Archambeau JO, Forell B, Doria R, et al. Use of variable
thickness bolus to control election beam penetration in chest
wall irradiation. Int J Radiat Oncol Biol Phys 1981; 7:835-842
Almond P, Bagne F, Ovadia J, et al. Practical aspects of
electron beam treatment planning. Symposium Monograph
Presented at the 16th Annual Meeting of the American Asso-
ciation of Physicists in Medicine, Cincinati, Ohio, July 31,
1977

Kelly C, Reid A, Mohan R, et al. Electron beam treatment
planning utilizing CCT data. Scientific exhitit presented at the
21st Annual Meeting of the American Society of Therapeutic
Radiologists, New Orleans, Louisiana, October 23-27, 1979
Prato F, Kurdyak R, Saibil E, et al. Physiological and ra-

27.

28.

29.

31.

32.

_92_

diographic assessment during the development of pulmonary
radiation fibrosis. Radiology 1977,122:389-397

Schulteiss TE, Orton CG, Peck RA. Models in radio-
therapy : volume effects. Med Phys 1983;10:410-415

Nimierko A, Goiten M. Modeling of normal tissue response
to radiation:the critical volume model. Int J Radiat Oncol
Biol Phys 1993;25:51-63

Withers HR, Taylor JMG, Macjejewski B. Treatment vol-
ume and tissue tolerance. Int J Radiat Oncol Biol Phys 1988;
59:751-759

. Dale E, Olsen DR. Specification of the dose to organs at

risk in external beam radiotherapy. Acta Oncol 1997;36:129-
135

Marks LB, Munley MT, Bentel GC, et al. Physical and
biological predictors of changes in whole lung function fol-
lowing thoracic irradiation. Int J Radiat Oncol Biol Phys 1997;
39(3):563-570

Kwa SLS, Theuws JCM, Wagenaar A, et al. Evaluation
of two dose-volume histogram reduction models for the pre-
diction of radiation pneumonitis. Radiother Oncol 1998;48,61—
69



o
=
fol
to
(e))
i)
10
0%
>
2
é
I
o
0%
>
>
ﬂ
HU
]
4o
re
s
B
T
0x
é
S|
ng
He
wW
>
o
ﬂ
HU
x
o
o
om
ror
10

—— Abstract

The Benefit of Individualized Custom Bolus in the Postmastectomy
Radiation Therapy : Numerical Analysis with 3-D Treatment Planning

Jae Ho Cho, M.D., Kwang Hwan Cho, M.S., Kichang Keum, M.D., Yongyih Han, Ph.D.
Yong Bae Kim, M.D., Sung Sil Chu, Ph.D. and Chang Ok Suh, M.D.

Department of Radiation Oncology, Yonsei University College of Medicine,
Yonsei Cancer Center, Seoul, Korea

Purpose : To reduce the irradiation dose to the lungs and heart in the case of chest wall irradiation using
an oppositional electron beam, we used an individualized custom bolus, which was precisely designed to
compensate for the differences in chest wall thickness. The benefits were evaluated by comparing the nor-
mal tissue complication probabilities (NTCPs) and dose statistics both with and without boluses.

Materials and Methods : Boluses were made, and their effects evaluated in ten patients treated using the
reverse hockey-stick technique. The electron beam energy was determined so as to administer 80% of
the irradiation prescription dose to the deepest lung—chest wall border, which was usually located at the
internal mammary lymph node chain. An individualized custom bolus was prepared to compensate for a
chest wall thinner than the prescription depth by meticulously measuring the chest wall thickness at 1 cm®
intervals on the planning CT images. A second planning CT was obtained overlying the individualized cus-
tom bolus for each patient's chest wall. 3-D treatment planning was performed using ADAC-Pinnacle® for
all patients with and without bolus. NTCPs based on “the Lyman-Kutcher” model were analyzed and the
mean, maximum, minimum doses, Vso and Vgs for the heart and lungs were computed.

Results : The average NTCPs in the ipsilateral lung showed a statistically significant reduction (p<0.01),
from 80.2%+3.43% to 47.7+4.61%, with the use of the individualized custom boluses. The mean lung irra-
diation dose to the ipsilateral lung was also significantly reduced by about 430 cGy, from 2757 cGy to
2,327 cGy (p<0.01). The Vso and Vs in the ipsilateral lung markedly decreased from the averages of 54.5
and 17.4% to 453 and 11.0%, respectively. The Vs and Ves in the heart also decreased from the aver-
ages of 16.8 and 6.1% to 9.8% and 2.2%, respectively. The NTCP in the contralateral lung and the heart
were 0%, even for the cases with no bolus because of the small effective mean radiation volume values
of 4.4 and 7.1%, respectively.

Conclusion : The use of an individualized custom bolus in the radiotherapy of postmastectomy chest wall
reduced the NTCP of the ipsilateral lung by about 24.5 to 40.5%, which can improve the complication free
cure probability of breast cancer patients.

Key Words : Postmastectomy radiotherapy, 3D-treatment planning, Individualized Custom bolus, Radiation
pneumonitis, Dose statistics

_93_

HI



