-572 - do0i:10.3969/j.issn.1005-202X.2015.04.026 http://www.cjomp.com

A BREERILA GRS RIS e itk 5 R anEsamasharrit
XFIEFLBRS

X jEe R B URAL EE L ORI E T
l. ZEE B ERERT G, o8 B 650118;2. EEIIERIKSHE =R ER, =8 B 650118

[# Z]BH: iﬁiikbfriiff'bﬂfii’%%%*}é AR 5% A 8 77 3 %) (Hybrid IMRT) 5 3£ 46,98 3% 38 54 04 77 1 X (Pure
IMRT) #9515 45 &, , 54T R — At R Bl i+ %) 09 71 2 57 £ 55, 30 R Bl iRt 2 e 7 2 A0 4, e AT 7 e st B4 4k
RAE, Frik: ALIRL 20 4 £ SLBR AR SLAR )G & % 5k Bl ADAC Pinnacle’ V9.6 11' %] & %5y 411 B % o #i% 3t Hybrid
IMRT 7= Pure IMRT, #) | il &4k A 27 B (DVH) Fo#x # Ak it X)) 69 Yo R fo & B2 4% BB 69 7] & 5 oA &7 4544 (Confor-
mity Index, CI)F= 3 £ 1 45 % (Heterogeneity Index, HI) Z AL %5 &3k (MU) . £58R : 1.Hybrid IMRT # VA T #5474k T Pure
IMRT: (1) £ % 3 7 %3t 5 & X (P<0.05) 89 A 44 F 231 X e R (PTV) & & 45 3 (Vs 1 98.74%4% 5 2] 99.58% . Vos &
97.93%4% % 2] 99.40% . Vi 1 91.01%%2 2 %] 92.49% ) ; PTV 3& 1 71 & (D 87 3749.98 ¢Gy 42 23 % 3986.10 ¢Gy) ; PTV 3 4
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PRARFE AR (Vs 45.01% 5] 44.37% Voo w1 17.79% 2] 17.69% ) 3 A5 M SUAE T35 7] B (Diewn W1 453.97% 5 5 368.96% ) » 2
Hybrid IMRT # X 49 vA F 2547 % T Pure IMRT # X : (D Z F ¥ A A H FE X A M T WA ZHRRIEH (Vo
13.58% £ 7+ 5 14.85% Vi 87 10.53% L F- 2] 12.01%) ;-5 Uk 7 B AR ARFE 2 T 38 A (Vo 1 2.05% EFH2]4.52%) . (2) £ F
¥ RGeT FE LU BB e T 3 EF5H(CL W 0.67 3] 0.65); 4 it 1 AR FRIE 4L (Vo 1l 0.04% _EF 3] 0.10%) 5 I 7 &
PRARFE 2 (Vs 87 49.59% EFH2] 55.03% V3o B 6.79% EFA2]7.01%) . £5if : 5 Pure IMRT 3t X 48 1t , Hybrid IMRT % 242
SRR EERORRRY TR ERRADE T XA S K. AR EFARS @0 DT R DR A, 45
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Dosimetric comparison and analysis of hybrid and pure intensity-modulated radiotherapy treat-

ment plan for left-breast cancer after breast conserving surgery
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Abstract: Objective To analyze the dosimetric differences and evaluate the dosimetric advantages of different plans for the
same disease, and to provide a basis for choosing the clinical radiotherapy plan by comparing the dosimetric characteristics of

hybrid intensity-modulated radiotherapy (IMRT) and pure IMRT for the left-breast (L-breast) cancer after breast conserving
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surgery. Methods Twenty L-breast cancer patients, receiving breast conserving surgery, were randomly selected. By ADAC
Pinnacle’ Vo, planning system, hybrid IMRT and pure IMRT were respectively designed for each patient. The dose-volume
histogram (DVH) was applied to compare the dose distribution of target volumes and important tissues and organs, conformity
index (CI), heterogeneity index (HI) and machine unit (MU) between these two plans. Results The following indicators of
hybrid IMRT plan were better than those of pure IMRT plan, with statistically significant differences (P<0.05): the coverage
index of planning target volume (PTV) (V. increased from 98.74% to 99.58%, and Vs increased from 97.93% to 99.40%, and
Vi increased from 91.01% to 92.49%), the minimum dose (Dui) 0of PTV (Dumn increased from 3749.98 cGy to 3986.10 cGy),
HI of PTV (HI reduced from 1.10 to 1.08, closer to 1), MU (MU reduced from 698.96 to 552.94), the dose-volume indicators
of left-lung (L-lung) (Vi reduced from 31.76% to 23.95%), the mean dose (D) of right-lung (R-lung) (Due. reduced from
173.69% to 139.78%), the dose-volume indicators of R-lung (Vs reduced from 8.00% to 2.26%), the maximal dose (Dp.x) of
heart (D reduced from 5205.02 ¢Gy to 5013.10 cGy), the dose- volume indicator of heart (Vi reduced from 35.19% to
19.01% and V, reduced from 16.78% to 10.58%), and the dose-volume indicator of right-breast (R-breast) (Vsreduced from
34.99% to 20.37% and V,, reduced from 10.41% to 5.69%). However, the following indicators of hybrid IMRT plan were
better than those of pure IMRT plan, without statistically significant differences (P>0.05): the Dy of PTV (D, reduced from
5543.69 cGy to 5523.93 cGy), the Dueun 0f PTV (Diewn reduced from 5194.01 cGy to 5170.89 cGy), the high dose hotspot index
(Vs reduced from 39.78% to 27.02% and Vs reduced from 20.14% to 13.19%), the Duean 0f L-lung (Duew reduced from
1128.99 cGy to 1111.96 cGy), the dose-volume indicator of L-lung (Vs reduced from 45.01% to 44.37% and Vu reduced from
17.79% to 17.69%), the Dyen 0f R-breast (D reduced from 453.97% to 368.96%). And the following indicators of hybrid
IMRT plan were worse than those of pure IMRT plan, with statistically significant differences: the dose-volume indicator of L-
lung (Vs increased from 13.58% to 14.85% and V., increased from 10.53% to 12.01%), the dose-volume indicator of heart (V.
increased from 2.05% to 4.52%). However, the following indicators of hybrid IMRT plan were worse than those of pure IMRT
plan, without statistically significant differences: CI, reducing from 0.67 to 0.65, the dose-volume indicator of R-lung (Vo
increased from 0.04% to 0.10%), the dose- volume of heart (Vs increased from 49.59% to 55.03% and Vi, increased from
6.79% to 7.01%). Conclusion Compared with pure IMRT, hybrid IMRT plan can effectively increase the HI of target volumes
by improving the coverage rate of target volumes and reducing the hot areas. Hybrid IMRT plan also shows significant
advantages in protecting normal tissues, especially in reducing the low dose irradiate of lungs, heart and R-breast, and reducing
the probability of the radiation damage effect of low dose. But hybrid IMRT plan is inferior to pure IMRT in the Vs, and Vi, of
L-lung, and the V., of heart. In addition, hybrid IMRT plan significantly reduces MU and wear on the machine, improves treat
efficiency, and alleviates the situation of the shortage of medical treatment resource. So hybrid IMRT plan is a better choice in
clinical under the condition that patients' posture and positioning accuracy cannot be assured.

Key words: breast neoplasm; breast conserving surgery; hybrid intensity- modulated radiotherapy treatment plan; pure

intensity-modulated radiotherapy treatment plan; dosimetric comparison
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O AT D T fE B AR B I IR $E e TR
Y7 £ b, (A B Al SR R YT (Pure IMRT) JE 1)
THPRU L, o B AR [ 7 B4 B I 2Rk Al
A TR XML I B BAR A, YR I B,
TR PRIX — T X, AW T AT T = 4 SE I
1A J7 (3DCRT) I IMRT F9 £ 5 15, X3 3% B 20 5] - 34
FUIR I BRE o BB TR A VR SR U IR YT (Hybrid
IMRT) FLE Al ] 5 i AT AR 48, A L
e 22 5 IR BE PR e AT T 7 3 R
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10 A~20144F 6 A 1112 0 A= LI B L 20 4], 95
AT AGE SN R, a2 TR FLTF R R8s bk L 4
HEA ARES I HETIGENZ:, FRRERSME L
2z i AIRIT RO TR, Th AR 41 % (25 4/ ~53
%) ,KPS1F43>83.
1.2 EAIEERKFLECTHIE

FEE U RN, 2R FH LB FE 28 T 24 98 1 gt [
T o R B MENFFES AR L, T AR AR A
FE KPS0 B, X E 2 ANE B AR AL T e A 6T
TEARNL, 25 A2 L fili2 1 2 FL 5 AT AR 1Y 14
T BT LA T LABRIE , il VE PR OB A RS, [ 2
FARNL . TV B R PR, SR VS 1T K ALR
CTHH : JZIE JZ A4 0.5 ecm, A F_EE L
R, NEMT S em(GLFEHHE B _EAERE) . k15
) CT EM%58 15 Varian Aria BE #5245 M 28 R GG K 3
KA ADAC Pinnacle’ V9.6 67711 2 48 T4
1.3 flEHX AEBELEE

H O BR A A AR R B A SR R AR 4 ICRU
505 F162 ittt , 2 M CT BUR A B 22 bric ) ) H I PR
FEIX(CTV) , JEFL G  FLAR N RE BiE kL2 R
IR TR L8 285 5 | 9 DX (5 L AE S TG 8 Ik L 25 5 7%
ol /N F AN UK B 25 HE RS ) R A R G 3L R K i
BE), 1ECTVRYEERL L, I FAEY 1 em WIMNLSS
P70.8 cm HTAAIM WAL F K R 0.5 em 7 B4
P70.5 em, B 25 1E 5 M 2020, 8 BRI X (PTV) .
[] A =) 1) £ ) Al (L-Tung) | f2 0] fifi (R-lung) . .0 JIE
(Heart) @l 1% (R-breast) 251G K AR E o
1.4 & AmAERE M EHa T it &I

X A KA ADAC Pinnacle’ 9.6f 1897 iR R 45
Xp A o I 1T Hybrid IMRT 3% #1 Pure IMRT
TR, K 6 MV X £ 120 %F 22 M7 i #5% (Multileaf
Collimator, MLC) Jf 77 K 14 5| 5 ) i€ (Image Guide
Function, IGF) ¥ Varian IX H £ #R MG .
R R TRl (R Ab 7 77— 3 QR 50 Gy, 11k0/d, 5
W/, 25 K, BESR=95%/Y PTV #3250 Gy DA L)
F) o
1.4.1 Hybrid IMRT it %] Hybrid IMRT 31X j& 5 %
SERCHAYT TR (IMRT Plan) 5 = 455& A 7
¥ (3DCRT Plan) il -y —14& . 1 55k 1 3DCRT 1Y J5
T AR R DX N AR AT i 15 N AN
LR W HORAE H A A BEV BT MOEMLLE ALk AR,
SR D YN IEH Rl A2 R B PR E TR A X
AR B R 2R 100 R F-07 I 2 om, DURR A% 6 00 LR AR

FRGPYEEIN , 53 MLC $4 25 1EH IR 202, AN TR InELIE
M, e 28 T4k 5 70 1Y 70% (50 Gyx70%=35 Gy) , 43
WITN 1.4 Gy=25 UK ; SR Je >R 3 ) 8 58 1) 7 9%
1 R A VLR IT A Rl L VR DI Z Ty )k 2 R T
INFABE (15°) T8 153 A P~ BT BY, JER5 N TR0y
MLC [ R/, T B 4 BY BG4, 78 3DCRT iR 1Y
Behib b, 45T AT Y 30% (50 Gy*30% =15 Gy)
SR TTER 0.6 Gyx25 IR, R I R B R B E RIS
B,

=1 EIRERARBEAEFHERBESETITRINAESH
Tab.1 Optimized parameters of hybrid and pure IMRT plans for L-

breast cancer after breast conserving surgery

Outline of the structure ~ Scope of structure  Target parameter ~ Weight

PTV Plan target D.i=50.6 Gy 90
D..=53.0 Gy 40

Uniform=51.3 Gy 80

Spinal cord Scanning range Dyex<9 Gy 40
L-lung Normal L-lung V2=<22% 40
R-lung Normal R-lung Vi<=5% 20
Due=<14.7 Gy 20

Heart Normal heart tissue Vas<<12% 20
V1s<20% 20

R-breast Normal R-breast D, 5.2 Gy 20

Note: IMRT: Intensity-modulated raiotherapy; PTV: Planning target
volume; L: Left; R: Right

1.4.2 Pure IMRTit%I Pure IMRT %1 (75 12 , Me 5t
HPA AR Ry WAV 2R BT SN VI £k 1) 3 24 R FE /Ny
JE R 55 A WA RESRTET T e 1 4 B S, DA PTV 4K
RV O Sk 5 ep oty 4 J7 71 5 50 Gy, 43k 7 3K 2.0
Gyx25 U MK I PR EE K , 15 B Ak B AR R, Z 1k
ZHCGIRA TR RIS E—8 Wk 1,
1.5 FIEFSH

PTV X AN S5 - d5e /DR ik (D) e R £
(Duax) 35 FE (Do) P 55 HEEL (Voo Vs Vi) FA
FAEE (Vs Vi) (18 JEFE 21 (Conformity Index, CI) .
5P F8 %0 (Heterogeneity Index, HI) ; fIL#s Bk AP
SR BB (MU) o JE BLE & 288 5 F i S50 O
T PEHY A (L-lung) A1 (R-Tung ) Bili ) Diean s Vs
Vios Vaou Vo Vao; @0 IE Y Do Vs Vior Vao Vao, Vs
QAN ZLAE (R-breast) A Duw < Vs Vieo
1.6 Geit=4bi2

% H SPSS 16.0 e it A , iz HITC XF ¢ 46 3 ,
Hybrid IMRT 1% F1 Pure IMRT 351 33115 2] (1 835
2R T T, P<0.05 A SR AR,
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2.1 KB PTVHIESE

I LA PTV SR 5%, Hybrid IMRT 4] 5
Pure IMRT {14 4H tL & B : OGN T PTV [ Dy, 25 57
A G2 L (P<0.05) 5 FER PTV Do B[R] B 38 R AR
T PTV Y Dueun, (H2E 2 TCGE 247 X (P>0.05) ; QW
SR TR X A TR Vi (92940 5 7 B S A X
FIRBER) \ Vos . Vi BB B 1 5, 2R B ST ¥
S (P<0.05) ; B> T e 3 2 AR R RS < BRAK T
Vios Fll Vs, (HEERE R R, (H 22 55 T080 124 3 ; @Hy-
brid IMRT 131 CLE& A T R, {H 22 R TE 41228 X
(P>0.05) ; ®Hybrid IMRT 1% ) HI 32307 1, 24 57
A Gt L (P<0.05) ;©@Hybrid IMRT 1% (1) MU
WETRE, WkK2.

2 EIBREBRIARGPTV EFAM IMRT RHFIEF LB
Tab.2 Dosmetric comparison of PTV in hybrid and pure IMRT

plans for L-breast cancer after breast conserving surgery

Item Hybrid IMRT Pure IMRT P value
Dhuin (cGy) 3986.10+368.96 3749.98+225.11 0.049
Dux (cGy) 5523.934+57.19 5543.69+75.12 0.259
Duean (cGy) 5170.894+27.99 5194.01+£35.05 0.161
Vo, (%) 99.58+0.35 98.74+0.62 0.012
Vos (%) 99.40+0.51 97.93+0.96 0.013
Vi (%) 92.49+1.78 91.01+0.37 0.048
Vios (%) 27.02+11.42 39.78+18.49 0.095
Vies (%) 13.19+0.92 20.14+9.27 0.277
CI 0.65+1.39 0.67+0.09 0.261
HI 1.08+0.01 1.10+0.02 0.023
MU 552.94493.12 698.96+80.01 0.011

Note: CI: Conformity index; HI: Heterogeneity index; MU: Machine unit

2.2 LkBH 4 S At AR Al 77 2 2

3 3 b AR A RN ) 52 5, Hybrid IMRT 11
%15 Pure IMRT 115141 Ht & Bl : DL-lung () Vo B 3%
TR, 22 5B G 2F 7 L (P<0.05) 3 Daen s Vs Voo A
Ji B 022 5 3 TG T L (P>0.05) 5 Vo Vao i
A LT, 225 BAH G2 5 L(P<0.05) ; @R-lung 1Y
Do M1 Vs 1835 T 1, 22 A G117 L (P<0.05) 5 Vo
WA T B 25 5 T Se 124 B L (P>0.05) 5 Vi Vo FlI
Vo PRI AR R 0, JC 2250, W3R 3,
2.3 LB ITOBEFIESF

I AL DAY 2, Hybrid IMRT 5 Pure IMRT
TERUAH B 2 B o0l ) 5 KT 2 (Do) Vo B Vi B35
T, 2R BE G FRE L (P<0.05) s VoI Vi A I
Tt A2 T BTG FE L (P>0.05) 5 Vo g BT BT,

hEEFWEBFERE 2015878 $32%5 £48

ZE A BT EE L(P<0.05) , W3 3,
2.4 tRESITRMZLEFE%F
T He g (N LR A9 32 5, Hybrid IMRT 31X 5
Pure IMRT 31+X14H ¥ %& BH : R-breast ¢ Do WA 1 TR,
BER TG H#5 L(P>0.05) ; Vs IV, L R %,
SYA G E L (P<0.05), WK 3,

FUBR IR LA AR kL i R UI 6, A B TR
AT FUMRAL 2L, SR H4li V) 26 BF 3DCRT 2 T8 E
L AR X, He 3 e X R A TR X BT
PR B LSk, S5 e 39 v B e Ak 7 19 120% , P
BT O R R, A T R R X R A8 A4
WD E R X, BRI AR R SRS L T
FERWIEAT T 207 o S A 58

Mayo %57 2005 4 1 K %41 1 Hybrid IMRT
FE R IAZLRER PR FLA S BN L 45584 A %4 : Hybrid
IMRT 5 Pure IMRT A0 L, 3045 T 445 AOIETE B, FRAIK
TR A DR, R TR XA . Mayo P
T 2008 4E 44 Hybrid IMRT Ji7 FH 21 il 8 S £ 45 98 1
BT IS T RAFRCR, SmithZT20104E 4L T 20
B I O LA S B 1 H BUBYY 3DCRT | Pure
IMRT } Hybrid IMRT %], & 305 FE 5 1) 57 it 1
2] 2%, Hybrid IMRT B3 2 Vel MR 2 2 Bt
B i e = Bt JCY 1 R B I A 4 2013 AR Al T F
JE& T Hybrid IMRT 78 ZLARIE T R FHBESE , F 58 45 5
Bl BEHOTHORFERDBERE , YT R
JUERER, TOTAE R B ETRIT R R, T 2014 4T IR -
SR BE AR DR UE BT 5T i SCRE /A A 9T B[R] TR O
2, 5% [H N AMIF I R 1 [ 45 6 R B S PRl 7
JKF, FEJR T Hybrid IMRT 764 350 7L M9 19 1 L 3%
TRRIBET 20125 - DR DI LR BY = 4E 1S 57 05,
7 AT 7R B 70% s @ A% 30% 57 AR I T ) T
R IERNE b 3 a3 R A SE R KA
flA AE— R B Hybrid IMRT 40 7 %8 . 255 s
ZAT R D7 AR TR X 2 R J 0 TR X AN )
P DI, 38 T DR A i B A R R R
KA B 7 AT WS AR 3 A T E o0 U A 2L A
AR ) o U, oD TR B U & 534,
TRATTERIFBEREAC TR, Wb T L Sk EL, $2
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Tab.3 Dosmetric comparison of organs at risk (OARs) in hybrid and pure IMRT plans

for L—breast cancer after breast conserving surgery

OAR Hybrid IMRT Pure IMRT P value
L-lung Dinean (¢Gy) 1111.96+61.92 1128.99+77.01 0.482
Vs (%) 44.37+7.48 45.01+3.43 0.772
Vi (%) 23.95+1.09 31.76+2.89 0.013
Vi (%) 17.69+1.29 17.79+1.08 0.630
Vi (%) 14.85+1.42 13.58+1.13 0.026
Vo (%) 12.01+1.38 10.53+1.48 0.013
R-lung Duen (cGy) 139.78+58.60 173.69+39.56 0.023
Vs (%) 2.26+3.18 8.00+8.29 0.013
Vi (%) 0.10+0.20 0.04+0.01 0.662
Vi (%) 0.00+0.00 0.00+0.00 1.000
Vi (%) 0.00+0.00 0.00+0.00 1.000
Vo (%) 0.00+0.00 0.00+0.00 1.000
Heart Dy (cGy) 5013.10+237.01 5205.024+304.11 0.035
Vs (%) 55.03+12.21 49.59+10.03 0.261
Vi (%) 19.01+12.39 35.19+11.31 0.014
Vi (%) 10.58+5.68 16.78+8.99 0.034
Vi (%) 7.01+3.12 6.79+3.34 0.769
Vi (%) 4524231 2.05+1.14 0.011
R-breast  Duen (cGy) 368.95+187.29 453.97+275.01 0.068
Vs (%) 20.37+24.89 34.99+23.31 0.023
Vi (%) 5.69+7.16 10.41+13.77 0.016

JHCSF P il % RN 2T A A 11 A 2 P iR
I7 O E L E I REZ — B EURE AT,
SHR T YT R . AR ZSCHRHRIE : Graham 46
T 1999 SFAERFFE AR /N0 M il BB TT o, UERR T
T3 Voo S 200 57 9 T R 5 A AR A5 F 2011 AR AT T
Sy G 30 R G 51 i Hybrid IMRT 575240155, LA
VAR H 2R 0 R 5 1S AR T 2013 4R X 12 4]
LI B AT T IMRT 09 5 522 0158, L4 il
Voo ViV E Rt PPN 4R B 5 5K 8 A SE0T 2011 4EXF 10
BRI ARG AT T 2R B 7
SEVEA LU 8 Vs Vo Vo Vao /R il B PEA H5
B 5 ABIFFE LA ) Dinean 2 Vi Vi VE R BIFIEFR B , 25
% i . 78 Hybrid IMRT 1, R-lung 1) Vs } L-lung 1
Dueans Vs Vio Voo #5451 T B, 9820 1A 7)o LG A4
L, Fe0r K AR T UIZEET 3DCRT (A3, eIy 1) |k
SER T AT 1 70% , 3k G Tl K AR I A2 AR
FA) RT3 R 343 5 e 1% i) A e A2k Ty 341 o )
30%38 25 IMRT TR 56 B, TR 2 XUt o

Bl 5 SRR BT e AR (R AN W IET , LA 11
BRI T A A U R v N AT kA
P SRR T 8 430 IR AR TS 5055 0 IR 43 AN 25 22
PR, I IR e bR B Jok 2 i g S M A 0 2 i A 4 2

HHOTHEZERZE, AR EUIAE U B i
IEREAO 3 A FE B PE B B 38 ™). Gagliardi 46" 78
1998 4F 5 X 100 141 A2 2L 42 32 2 LR R 7 5
{4 Tl JBS A A 5 2 B, 00 I 19 2 A 5 4h Ty 791 4 A
5, Bt A D R BN, O AR 405 K A AR B
o Hong &M 1999 4 L 1 5 i LB Jia DIk BF il
PERR TR A 2R 22 e, R B AR R Y B 5 A
B, {E D 2 B S O Wl R A 1 A 00 e bR 0 ok R £t
WM FLAR o AEASHFSE Y, Hybrid IMRT 3 %] 8 .00 JJF (1
Do Vio Fll Voo #5825 T B, HA Go it 22 3 X (P<
0.05) ,{H.OMEARY Vo E Pure IMRT %) ETF T 2.47%,
i Hybrid IMRT 11X Fb Pure IMRT 3151 GE 5 45 i
A AR JUE F RG] BRSRH AR RRL, (HLAE o 39 e DX Wtk T
Pure IMRT 14, i3 & X 1% 11 Hybrid IMRT H1] 2k
TR 5 T 70% 002k J7 7 e, T e IR S BUR M)
il B TR — B8 AN AT G 2 2] 1 i S

B IMRT AT ARG R B AN R A L IR
F R B RN N AT R AR PR Al
FHIMRT i}, 78742t MLC JE R , 7778 55 22 1 5O
2 STk, B E 2 1) 1E H 41 405 58 TR i 4
Shrb, GRS BRI & A BRI BRI, Kry 55
FLZE 10 4R HiT 2 H IMRT 5 3DCRT A [t , BUAR L 5
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