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Field shaping

OS2 AL S 2FEEEI X 2001;19(1):53~65

Al F2 ddFelelE g olgo A Bt A
a7 ol Folgick

dA ARG WREE Qe Al WEEbean
eye view: BEV)7I%& 83101 18] 4719 A4

5 A3 4 9J+ non-coplanart]-g F3Hgk 2APEES
i

2]

st zAme] 5 ST 2Fdl i AP
AEZAE BANTT JEHeR w3 Al

(Fig. 1). o]o} 22 A& AX HFH 22 non coplanard] 4

F& o4 WA Ak AEANRIHE AAse.

v ko] APAZE 70 GyE BalirhFig. 2).

z2 x| WA ASEE AR A 27

o 8o
2o e ol

N

Az 3Hcoloring), 3
ojg] 712 BA w9y

Fig. 1. Irradiation field shaping on PTV and beam block on critical organ

by beam’s eye view for NPL cancer

4 portals

Compensating filter(RSO)

Fig. 2. Beams arrangement and compensating filter for nasopharyngeal

cancer,
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2. M T THUE WA XZuy
(optimized forward IMRT)

Z e BYANG] AT ARYPREES Folsir] 9
sl MLC b BAelzit £8 4821

zARE oe] z27og Afsle] Hgg B

ES

o B QA7 A% AU BENzEEe 299
VIG Zolold YA WAURE AN T AL
At ALl BAFES AEY 2 beamlen w2
AE AR olol] A AATAL BaoldRe
92 A Fomd 4%e Zdalgch

olsh 2 A IMRTY F34 AL Bo| LA 3
o B QTel4E F4% SR Ade FUsA o
7] Sleted Fok 4 R ol AW M) Hust Az
AG A% Ak

o714 Die ExE] AAZeEA Fdo| Adldge
2 FA9 7 9l oi%h bie SEE AYAZA HE
2 7 Sle A7 i A5 Hudwe EAE Aolth

3 24 289 A3 71EXE wigkx slH Die

Thickness{cm)

-
Y Axis(cm) 3

7 929 Ao A j Aol ALY B AT G
st 745 wigkel BAE et ek

A% A E Ao Bt

AR AFAFAWE & ZAT 22AUE STt
7t MILCE ol§siel ZAME HAGep and shood 4
glom izl A% ozt BAY FAE A =
2AX 5§ FUY 5 Yok

Table 12 WIS NES A% SIAAZARRSON]
A Aprimary beam)iigo] FAAol FUG HFRLE}

Table 1. Dose Weighting Ratio of Beamlets in Right Superior
Oblique (RSO) Field for IMRT

X
X—4—3—2—101234

0.770 0.774 0.840
0.778 0.780 0.874
0.901 0.849 0.936
0.924 0.900 0.924
0.970 0.937 0.953
0.979 0.960 0.985
0.980 0.982.1.000
1.000 1.000 1.000
1.000 1.000 1.000

Fig. 3. Thickness of compensating filter of every beamlets of RSO field for IMRT.
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3. EYHI0{=M(tumor control curve)

HAAR g FoiiF Frtol] wkE Foko] A&
9 FQ3 1 A= SA(SigmoidyE ol Fx 9lo
o|& FFAojFAolela g}

FoAo] AL 339 X FollA FUAAAEE(TCP)S A
szl E238F Dso(Tumor Control dose)o} F419] 7]&7]dl|
APete Gammagh(y o)A B gt FdAITHAE FEsl7]
Hste] EdoA] X582 w7t 3kt W/jE X 8AA
< o]f3lglon] EAILZT(SAS program®] logistic regres-
sion)ol] 2Js}o] Fig. 49} o] Aldste] 13og FAE% e
v Table 12} ZFo] Alslgict

—_—

Table 2. TCP Parameters of Nasophayngeal Carcinoma

stage Ty T, T T4

Ds (Gy) 50 56.5

Slope (%/Gy) 24 20.0

Gamma (%/ %) 1.20 113
1.2

TC

0 | | I I L |
20 30 40 50 60 70 80 90

Tumor dose(Gy)

Fig. 4. Tumor control curves of nasopharyngeal cancer cal-
culated with SAS (logistic regression) program.
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943 4= Qlck

F%2l FSU(clonogen)7t ol AD)llA sad g
(PD))& ALRo| = (Sshape)o & 1 ZHe 07} 1Ao]&x
geu e Aoz ¥A ¥ 4 gtk

P(D) = 0.55 vt sssse s ®)

S=exp{2.9X 75 X (1-D/Dsy)}

o714 Do FYX &0l 50%=]= A&Folw 75 £ Dso
olA] BEFAL JEVE FARIY FSUE 594 7158
Zen ) wigel a2 A sEg, F, TCPx /A
FSUS| ol & & glow 3t 7)) APl EAsl= B8
FSUEY 22 A%s B3o® ALzl Fog dxg
T Uk

3-D conformal

N
TCP= ]I [1:00)) OO RR OO (6)
N Z49) AR LA A groln), D= i WA AFEA
o] Aol vi willsl MM LA 7)ot (AL ALt}
71 {A Wgstd g3t 2.

TCP = exp{V Z; IN[PDY]} «oveveerrenneesenensmsesmsermnmniniseorsisiennns )

A AHE B-G2Hnormalized)dt ¥ AFAFE Deffehi

s MAS gt 2.

IMRT

3-D conformal

IMRT

Fig. 5. Isodose distributions of 3-D conformal and IMRT plans for
nasopharyngeal cancer. Axial (a), sagitta (b) and coronal (c) planes.
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MEFE T (isodose curves)
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71318AQ) oJE o g FPEfAA 15 cm® ARF F
9x8x8 cm’ W9 wolld] Foke 2YmlE HAIglor]
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Az Bagoitak 9 PHEEN Ay A FER
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E2AXN AR g SAF BEZA 7 chio] FA%

T
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ol

0.
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Fig. 6. Display of 95% isodose volume rendering and adjacent normal organs
of 3D conformal and IMRT plans for NPL cancer.
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Fig. 7. Dose volume statistics for PTV of NPL cancer.
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Fig. 8. Comparison of dose volume histogram of PTV and normal organs for 3D conformal and

IMRT plans.
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Table 3. Normal Tissue Complication Probability Parameters

Organ n m TDsg Endpoint
Spinal cord 005 018 67 Gy Myelitis

Brain stem 016 014 65 Gy Necrosis
Temporal lobe 025 015 60 Gy Necrosis
Temporomandibular joint 007 010 72 Gy Limitation of joint
Parotid gland 070 018 46 Gy Xerostomia

Optic chiasm 025 014 65 Gy Blindness

Optic nerve 025 014 65 Gy Blindness

3D—-Conf.
W IMRT

TCP

A\

Dose (Gy)

Fig. 9. Tumor control probability of nasopharyngeal tumor
for prescribed doses for 3D conformal and IMRT plans.

£y 8 3D corrforam
HIMRT L
25
Lo,
2
a 15
2
101
5

spinal  TMjoint brain  terporal  parotid optic optic
cord stem lobe gand chiasm  nerve

Fig. 10. Comparison of the NTCP in adjacent normal organs
for 70 Gy prescribed dose in 3D conformal and IMRT plans.
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Fig. 11. TCP and NTCP of NPL (T4) for 3D conformal and
IMRT plans for nasopharyngeal cancer.
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— Abstract

Dose Planning of Forward Intensity Modulated Radiation Therapy for
Nasopharyngeal Cancer using Compensating Filters

Sung Sil Chu, Ph.D., Sang-wook Lee, M.D., Chang Ok Suh, M.D., Gwi Eon Kim, M.D.

Deptment of Radiation Oncology, College of Medicine, Yonsei University, Seoul, Korea

Purpose : To improve the local control of patients with nasopharyngeal cancer, we have implemented
3-D conformal radictherapy and forward intensity modulated radiation therapy (IMRT) to used of com-
pensating filters. Three dimension conformal radiotherapy with intensity modulation is a new modality for
cancer treatments. We designed 3-D treatment planning with 3-D RTP (radiation treatment planning sys-
tem) and evaluation dose distribution with tumor control probability (TCP) and normal tissue complication
probability (NTCP).

Material and Methods : We have developed a treatment plan consisting four intensity modulated photon
fields that are delivered through the compensating filters and block transmission for critical organs. We get
a full size CT imaging including head and neck as 3 mm slices, and delineating PTV (planning target
volume) and surrounding critical organs, and reconstructed 3D imaging on the computer windows. In the
planning stage, the planner specifies the number of beams and their directions including non-coplanar,
and the prescribed doses for the target volume and the permissible dose of normal organs and the
overlap regions. We designed compensating filter according to tissue deficit and PTV volume shape also
dose weighting for each field to obtain adequate dose distribution, and shielding blocks weighting for tran-
smission. Therapeutic gains were evaluated by numerical equation of tumor control probability and normal
tissue complication probability. The TCP and NTCP by DVH (dose volume histogram) were compared
with the 3-D conformal radiotherapy and forward intensity modulated conformal radiotherapy by com-
pensator and blocks weighting. Optimization for the weight distribution was performed iteration with initial
guess weight or the even weight distribution. The TCP and NTCP by DVH were compared with the 3-D
conformal radiotherapy and intensity modulated conformal radiotherapy by compensator and blocks
weighting.

Results : Using a four field IMRT plan, we have customized dose distribution to conform and deliver suf-
ficient dose to the PTV. In addition, in the overlap regions between the PTV and the normal organs
(spinal cord, salivary grand, pituitary, optic nerves), the dose is kept within the tolerance of the respective
organs. We evaluated to obtain sufficient TCP value and acceptable NTCP using compensating filters.
Quality assurance checks show acceptable agreement between the planned and the implemented MLC
(multi-leaf collimator).

Conclusion : IMRT provides a powerful and efficient solution for complex planning problems where the
surrounding normal tissues place severe constraints on the prescription dose. The intensity modulated
fields can be efficaciously and accurately delivered using compensating filters.

Key Words : Forward intensity modulated radiation therapy, 3D conformal radiotherapy, Tumor control
probability, Normal tissue complication probability, Dose volume histogram



