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T EXol| Cfeh M =& X[Z(conformity index, Cl), 4 Z=Z|of M2 M2 Zt2 X|a(dose gradient index, DGI)E 083510
X2 AEE vust = F J1X| dlm Aol RAMEE =l siqict
4 o} 3ol BXE Moz k2 A5 37X X2 A& E & M 22 ME SHES Sl v|ust Zutet M2k M H
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SEREY

oto] 1 F 7P 43 X EAS AT
A3t A7k o] o =k

A7) EREel] X8 A AEE o8] X E(unconfirmed
plan trials) A3} ol v| 2 3= AL 7)1 A
BollA] WA WA FoF A A =229 SA=
B (isodose distribution), 412 A% & A~E 2 (dose volume

histogram, DVH) < £3]] o|Fo|A| 2 g} e} 7+ b

E QoA 5 A% RES vimels A4S AR AY
A ARG v el A T oz ola) Solah
Rola, Mgk AH SlAETAS wasks 7 Y Eok)
Ay 249 7 57 55 AAA A2 A 234

< Wsy] ofgiet.

whEhA] B AT BUR PAelA] By & A A
SECEEERLEREREL b ER R
AA sl EAE EAZHDVH-Index) S o] -3}o]

Zok o] A FAALS solslm, Zopzx Zwe] Azt

ol gato] WA W AL
(3D-RTP, ADAC mc)oﬂxi Zok 223} A=A F2A
(contouring)¥ HAbslo]l B X 5A12] A (hi-art system
ver 2.0, TOMO-therapy inc.) & 438l & 0l zZAlok(Beam
width, B.W), ¥]X](Pitch) &2 % Q % (importance) & Z}7] o}
27-]] /K—l;gg]_j_r_ j]_‘aj_ 74]3:]& /\1/(]—5]_031;}

% Al ol BRIl AL 4 9t 3% Fe
22} w(1.06 cm, 2.52 cm, 5.04 cm) 5 Z9k2] F7]ol| e}k
227 o9 24 e o] 8elo] 374 AE A A A
A3y sjelm, Abaleke) 7)ok AR A

B A7FE 18ste] %2k MF (modulation factor)Z 2]

S5k

AL

o&

, pinnacle ver 7.6c

2 (plan trials)<

917t v 7 3bAtellA 379 A5 AR vlae 4
591k A4 5919 A=k SARFE AT, e B4
g, A1) ’ﬂ‘%k HEE Hlste] X g AlF e HAA
= Hlashe 7] W A Al slaEadle] 543 A
2 3 A EAS oldste] T A Y FIA A
(homogeneity index, HI., DHL), &k F2ol ti3l Ak =
A)4*(conformity index, CI), B4 Z&|A ] A& 7H4 A4

(dose gradient index, DGI)E F-sl= Ak AA s|AE1#
EAAZS o] &3 A8 AlY waubge g ro] Aedslgl
2 5 ol mE A2 A% g Askel §44E B o)

= R
294S Aok B A4zAe) QS viatems ok
X 8A12] 9] %A s optimization)shi= I Foll ] X5 )
ere = oL ! 1. EQEletm %2 A
ARE BT 5 9k AEHQ UL AT Slgieh
DS TR FE B8 sz Treglon] T1
CHAF 2 ube A A= 1.06 cm, 2.52 cm®] ¥ ZA W& OI%EPML, 0.2,
0.3, 0.287 %)<} 2.0, 2.45 modulation factor (M.F)& A}-&-
Enelels] 2SS A el BACRYE, B BN oo A2 AR Adelsln, £% 249 A4 249 3
£ e g X8 A PQ 5000 (CT-simulator, Philips inc.)< 9 ¥ (importance) 3 A=k 3% (dose constraint)y ELs}A|
Table 1. Beam delivery option and prescription of tomo-therapy planning trials
Region Prescriotion Paln_trial Beam width Pitch M.F*
Cranial HPTV " 50 Gy plan 01 1.06 cm 0.300 2.00
LPTV" 40 Gy plan_02 2.52 cm 0.200 2.00
for 95% volume plan_03 1.06 cm 0.287 2.45
Thorax HPTV 40 Gy plan_01 5.04 cm 0.287 2.45
LPTV 32 Gy plan_02 5.04 cm 0.172 2.45
for 95% volume plan 03 2.52 cm 0.300 2.45
Abdominal HPTV 50 Gy plan 01 2.52 cm 0.300 2.00
LPTV 40 Gy plan_02 5.04 cm 0.172 2.00
for 95% volume plan_03 5.04 cm 0.287 2.00

M.F* is modulation factor, HPTV' and LPTV"
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FHo} B Slatol| A% 2,52 cm, 5.04 cme] W] 2=AF
o]-g-519l L, 0.172, 0.287, 0.3 Z]X19} 2.0, 2.45 MFS A&
F Rk B W o ® 7399 A8 A A
F 77} ulsL skiek

7kl Aol SN SR 24 4] 3~43] o] %
BE 2 A3 X (ex) 0.3, 02 pitch)9} A=A HE
] Ato]e] wldk(tread effect)7} Bl A & 21%7(0.86*1/N
pitch, ex) 0.172, 0.287 pitch)E A8slx, FokAHS
GTVS} 1 cm marging atslo] 2 Y& %4 (high risk plan-
ning target, HPTV)3} CTVS} 1 cm marging gsto] A $¢d
X4 (low risk planning target, LPTV) 2.2 A48t}

b b o

2. M AMH s|2ET FEX|A

A5 A¥ Az vlasby] 913 A s|laea
A ZH(dose-volume histogram index, DVH-index)+ £k %%
W A% 225 Uehle A% 94 A5 (homogeneity in-
dex, HI, dose homogeneity index, DHL)&} £oF =22 Fu]9]
He 294 delsb) A8 A 234 Ao con-
formity index, CI), &k 27| o] AA=Z| o] Az 7+4 A
(dose gradient index, DGI) & A4} ).

Ak dFUA A+ X ubA ek(prescription dose)ol] tglh ]
A #H(maximum dose) 9] W& F8bo] W]azsllan(A] 1-1,
Fig. 1) (8 Sk 27 ] o} & Hojalsk A9 32 2

& A AF o] wolz Qg exbE Fol7] et 7 %
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© Aol 2AE 491 1074189 A gholl Ol 7%
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Fig. 1. The diagram of DVH index for evaluated dose homo-
geneity in target structure. Circle and dot 'a' are hottest 10%
volume dose and maxium dose. Circle and dot 'b' are 90%
volume dose and prescription dose.
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a7

PH:DmaX/Dprescription .................................................. (/q 1‘1)
DHI=minimum dose of ‘hottest’ 10% volume/dose of 90%

VOIUITIE vttt ettt (A 1-2)

A 234 Aae A4kl F 8% (prescribed isodose
volume, Vpry)ol]l that Z<k #|2 (target volume, Viv) & *|
u}l Adzko] 2% E -84 (target volume covered by the pre-
scribed isodose, Tvpy)2] H]E F8l9ith(A] 2, Fig. 2).

CIETVoy/(VEv VIV) cooeeeeeeeeeeeeeeeeeeeeseeeeeeseens 4] 2)

A i A A A% ¥ 4s 79 79 &
Hog 3Aksta 1 o] b (effective radius, Reff-pre-
scription, Reff Rx) (2] 3-1)3} v} A=ke] 50043 24
S 9] W (Reff-50% prescription, doseReff.50% Rx)
Zre] Hpol & ERHIEH(A 3-2, Fig. 3).

Reff Rx*=*y 3VRx/4

Reff.50%Rx="y 3V50%RX/AT eevverrrrrreererreerans. (4 3-1)
Rx™is prescription dose
DGI=Reff.50%Rx-Reff RX ..covvvvvvieiirieiiiieeiieecneens (A 3-2)

Zt A & AR T A Exst Ak A slaEadls
100+
95 €>é """"""""""""""
821 a=TV,,
80 1 a+b=Vpyy

] Non-target\issue

Relative volume (% normalized)
[6)]
[3)]
1

0 2 00PPPRPOPRPERPOOL LRSS
Dose (Gy)

Fig. 2. The diagram of DVH index for evaluated dose con-
formity around target structurure. a is target volume covered by
the prescribed dose and b is non- target tissue volume irradiated
by the prescribed dose.
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Wl sglom, B4R A% gheldel A4,
HollAle] Aok gho HlsL Bc.
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Fig. 3. The diagram of DVH index for evaluated dose gradient
between target and normal structures. a is target volume covered
by the prescribed dose, b is non-target tissue volume irradiated
by the prescribed dose, and c is non-target tissue volume
irradiated by the 50% prescribed dose.
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ZH(MAX dose)@} F A Aek(min dose), ¥4 =(average
dose) Fhe Bl &AL, A=A X5 Fol whe}b A3k
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Fig. 4. Isodose distribution of
plan trials for cranial region. A
is plan 01, B is plan 02 and C
is plan_03.
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4, A% AR SzEaBelde] Aols T AY 29 % Vi o7 0398} 171%2 W adhy AEAY F A 2
7 Beo 2 Q) AAAY WIS BRI Foleld Al 24 HoZA plan 0lo] g $5sieteH Table 2-1,

okoke}(Fig. 5). 2-2)

AeF SARS vlagt At 247e] X8 AlfollA] F4 £ Ak AH s|AE2 FARE o] 83k v]iz Arh= plan_
Aol sk Hodat HaAF FT A 2 Aolg B 012} plan_027} plan_03e] w3l 93k A2k zA|4e} A
oA Fgtort, B 22 F A|417 XM optic chiasm) ] % % 4 AFE JehNlon] plan_01¢ plan_025c} A%

T+ A=k plan_029} plan_039l14] 29.8 Gy} 29.1 Gy7} 24} o) A)%e} ek 7ha A2h 20 i) Lieht okal
Hb plan_01-2 246 Gyg ZA91aL, 25 Gy o4 24 A=k AR wla Anel §A ZAdE H3ick(Table
&2 (Vas ay) B3F plan_01 71 dgtom ohg Fo3k A4 2-3).

AA7191 ed9(brain stem)$} FAF =] AR Q] Ak ) Vs g,

"
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Fig. 5. Comparison of DVH for 3 case plan trials in cranial region.

Table 2-1. Dose statistics of 3 case plan trials for target structure in cranial region

HPTV LPTV
Target
Max Min Avg Max Min Avg
PLAN_01 57.0 45.7 54.0 529 313 443
PLAN_02 574 46.0 54.6 53.8 36.5 45.1
PLAN 03 57.6 459 53.9 53.1 333 44.4
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Table 2-2. Dose statistics of 3 case plan trials for normal organ in cranial region

Optic chiasm Brain stem Brain
Normal
Max Avg V25 Max Avg V25 Max Avg V30
PLAN_01 24.6 16.6 - 26.5 74 0.3% 57.0 17.6 17.1%
PLAN 02 29.8 21.6 19.7% 28.2 9.7 0.5% 574 19.2 19.0%
PLAN 03 29.1 20.5 10.5% 26.1 7.8 0.3% 57.6 17.8 17.4%

Table 2-3. DVH index of 3 case plan trials for cranial region

HPTV LPTV Conformity index DGI Treatment
DVH index . .
HI DHI HI DHI HPTV LPTV deviation time
PLAN 01 1.14 1.09 1.32 1.15 0.91 0.93 1.28 cm 442 sec
PLAN 02 1.15 1.10 1.35 1.15 0.89 0.90 1.51 cm 350 sec
PLAN 03 1.15 1.09 1.33 1.13 0.93 0.94 1.29 cm 501 sce

Fig. 6. Isodose distribution of
plan trials for thorax region. A
is plan 01, B is plan 02 and C
is plan_03.

A S 2EE Felo] plan_030] FpEA oA Tha
A% BT ek, £ b G Aol 44

5 A% BEG} A% A iR wak A FE 2he] 2498 3 & 5 YirHFie 6. 7.
247} EAI% B plan_03614 FF EA ) Hoh Ak
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Gy7} 244 plan_013} 47.3 Gy7} 244 plan_02:2.t} #< Ak AH s|2EaW FAAES o] &3 vl A} w3l
g A TEE Veblow #3425 9 7k e =24 AR plan_03> AF 7L Aol A pr: 1.15, 1.05% Yek
£ 12.7% (Voo 6y), 14.9% (V3 ay), 0.6% (V3 6,)E plan_01, Wi LPTVE 1.33, 1212 7B $<=381A] Vebdie). sl A
plan_020l] B3l YA ZA =gtk (Table 3-1, 3-2). 2 24 AFE 420 em¥tF 412 cm& VERH plan_ 017}
plan_02¢]l W]} 376 cme uYEhHo] 7B Selich

(Table 3-3)

100 - ~— - ————————— .
801 vy P 3. 25 #xjolMe] A2 g 21} 6@

2 . E\ - S A% BEG A A aEage um oh A
é -target tissue i AR ZF folgk Aol & &Rl 3 4 glow A=k SAI g
e 4 \ Fo 2Ade] A% BE Aol vlnlelg u} A ) e
& \{ ‘ & plan_019] 9.9% (Vao o) % 37| 24 Eglont wkhe] 4
@ | T 56% (Vay o) 2 THE A2 Aol] W]l UA| 24o]

20 \
\ \L\ 2]_\,_ A ¢4 A4 & F AcHTable 4-1, 4-2).
0

- 4% A4 HAEA EARE o8 bl 28 oI5k
Asto] FoF =2 W A= FY A AFE 112, 1.06
(HPTV), 129, 1.13 (LPTV)E YElH plan_| 03°] W <

Fig. 7. Compare of dose distribution for target and non-target

sl o) Aek g Aax 2 ] ©
structure in thorax region, circle is plan_01, dot is plan_02 and shslont Al 15 plan_01ell4] 324 em 2.2 713 &
line is plan_03. G517 LebstktH(Table 4-3).

Dose (Gy)

Table 3-1. Dose statistics of 3 case plan trials for target structure in thorax region

HPTV LPTV
Target
Max Min Avg Max Min Avg
PLAN 01 48.0 35.0 42.0 43.1 27.6 36.8
PLAN_02 473 34.5 42.1 43.1 27.2 373
PLAN_03 46.2 37.0 414 425 26.5 37.2

Table 3-2. Dose statistics of 3 case plan trials for normal organ in thorax region

Lt lung Liver Spinal cord
Normal
Max Avg V20 Max Avg V30 Max Avg V30
PLAN_01 412 15.1 14.5% 395 17.2 13.6% 325 15.9 2.4%
PLAN 02 41.6 16.2 18.4% 40.2 183 18.8% 32.0 16.8 3.0%
PLAN 03 413 14.3 12.7% 39.5 16.1 14.9% 31.0 13.7 0.6%

Table 3-3. DVH index of 3 case plan trials for thorax region

HPTV LPTV Conformity index DGI Treatment
DVH index . .
HI DHI HI DHI HPTV LPTV deviation time
PLAN_01 1.20 1.09 1.36 1.22 0.88 0.84 420 cm 240 sec
PLAN_02 1.19 1.09 1.35 1.21 0.84 0.78 411 cm 397 sec
PLAN 03 1.15 1.05 1.33 1.21 0.87 0.83 3.76 cm 462 sce
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Table 4-1. Dose statistics of 3 case plan trials for target structure in abdominal region

HPTV LPTV
Target
Max Min Avg Max Min Avg
PLAN_01 69.6 55.9 64.0 65.0 459 55.8
PLAN_02 66.6 54.8 62.3 64.1 43.1 56.54
PLAN 03 62.2 54.6 62.2 64.4 433 56.7
Table 4-2. Dose statistics of 3 case plan trials for normal organ in abdominal region
Bowel Rectum Bladder
Normal
Max Avg V30 Max Avg V30 Max Avg V40
PLAN_01 60.3 17.3 8.2% 36.8 213 9.9% 553 25.0 5.6%
PLAN_02 60.2 18.3 9.0% 36.8 21.2 4.5% 55.6 26.7 7.2%
PLAN 03 59.8 18.3 9.0% 36.3 21.3 4.5% 55.9 26.6 7.0%
Table 4-3. DVH index of 3 case plan trials for abdominal region
) HPTV LPTV Conformity index DGI Treatment
DVH index . .
HI DHI HI DHI HPTV LPTV deviation time
PLAN 01 1.16 1.11 1.30 1.13 0.85 0.80 3.24 cm 662 sec
PLAN 02 1.11 1.06 1.29 1.13 0.72 0.75 341 cm 590 sec
PLAN_03 1.12 1.06 1.29 1.13 0.75 0.74 3.34 cm 358 sce
LA < HIFste] FkEAe A F b wisrt g B
Ak o4 F 10% olst~# A7 4 90% o9l vlE+
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Abstract

A Study on Prospective Plan Comparison using DVH-index in
Tomotherapy Planning

Joo Ho Kim, Jeong Hee Cho, Sang Kyoo Lee, Byeong Chul Jeon, Jong Won Yoon, Dong Wook Kim

Department of Radiation Oncology, Cancer Center, Severance Hospital, Seoul, Korea

Purpose: We proposed the method using dose-volume Histogram index to compare prospective plan trials in
tomotherapy planning optimization.

Materials and Methods: For 3 patients in cranial region, thorax and abdominal region, we acquired computed
tomography images with PQ 5000 in each case. Then we delineated target structure and normal organ contour with
pinnacle Ver 7.6c, after transferred each data to tomotherapy planning system (hi-art system Ver 2.0), we
optimized 3 plan trials in each case that used differ from beam width, pitch, importance. We analyzed 3 plan trials
in each region with isodose distribution, dose-volume histogram and dose statistics. Also we verified 3 plan trials
with specialized DVH-indexes that is dose homogeneity index in target organ, conformity index around target
structure and dose gradient index in non-target structures.

Results: \We compared with the similarity of results that the one is decide the best plan trial using isodose
distribution, dose volume histogram and dose statistics, and the another is using DVH-indexes. They all decided
the same plan trial to better result in each case.

Conclusion: In some of case, it was appeared a little difference of results that used to DVH-index for comparison
of plan trial in tomotherapy by special goal in it. But because DVH-index represented both dose distribution in target
structure and high dose risk about normal tissue, it will be reasonable method for comparison of many plan trials
before the tomotherapy treatments.

Key words: tomotherapy, DVH-index, plan comparing
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