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Dosimetric study of sSIMRT and TOMO fixed field irradiation (TD)
simultaneous integrated boost on tumor bed for patients
receiving left breast-conserving surgery*

Meng-lan Liu, Wei Ji, Biao Zhao, Xiao-bo Wen, Mei-fang Yuan, Yi Yang
[Department of Radiation Oncology, Tumor Hospital of Yunnan Province (The Third Affiliated Hospital of
Kunming Medical University), Kunming, Yunnan 650118, China) |

Abstract: Objective To discuss the dosimetric characteristics of simultaneous integrated boost SIMRT and
TD on the tumor bed after breast-conserving surgery for left breast cancer. Methods Twenty-four patients who were
marked by silver clips on the tumor bed after breast-conserving surgery for left breast cancer were selected. For the
same patient, the Monaco5.11.03 treatment planning system was used for the sIMRT plan design, and the Tomo
Therapy treatment planning system was used for the TD plan design. The dosimetry parameters of the two plans

were compared. Results The differences in D,,,, D, CI, and HI of planned tumor planning target volume (PGTV)

Wk B . 2022-01-15
*IETH « aFA PARHEH (No:2017NS192)
[EfEVEE | #%, E-mail: yiyangrt@126.com

« 73



FpIE AR ek

between the two groups were statistically significant (P < 0.05). The CI of sSIMRT (0.75 £ 0.05) was higher than that
of TD (0.61 £ 0.13), and the HI of TD (0.04 £ 0.01) was lower than sIMRT (0.05 £ 0.00) (P < 0.05). The difference
in Dy, was not statistically significant (P > 0.05). The differences in D,,,, CI, and HI of the breast plan target volume
(PTV) between the two groups were statistically significant (P < 0.05). The CI of sIMRT (0.82 + 0.04) was higher
than that of TD (0.68 £ 0.05), and the HI of TD (0.19 + 0.01) was lower than sIMRT (0.20 + 0.01) (P < 0.05). The
difference in D,,,, D,,, was not statistically significant (P > 0.05). In comparison with organs at risk, compared with
TD, sIMRT reduced V,, V,,, Dmean in the left lung and, Dmean in the left and right ventricles (P < 0.05). The V, V,,
and D, of the left lung of sSIMRT were reduced by 3.69%, 1.26%, and 7.84% respectively, compared with TD.

Compared with sSIMRT, TD reduced the D, of the contralateral breast, V,, of the heart, D, of the left and right
of

atrium, and D,,, of the spinal cord (P < 0.05). However, there was no statistically significant difference in the D, ,,
the heart (P > 0.05). Conclusion Both sIMRT technology and TD technology can meet the dose requirements of

mean mean

postoperative radiotherapy for left breast cancer. The CI of the former is better than the latter, and the HI of the latter
is better than the former; sSIMRT technology can better protect the affected lung. For patients with underlying lung
diseases, SIMRT technology is recommended to be preferred. The protection of the heart by TD technology does not
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show obvious advantages.
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dimensional conformal radiotherapy, 3D-CRT) . #ft 7% 74
5 7 596 J7 (static intensity—modulated radiotherapy,
sIMRT) . 75 BRI 58 URHA TT (volumetric modulated are
therapy, VMAT) | W7 )22 & Y jit 4F ¥ J7 (TomoDirect,
TD) W7 J2 B iE i 1 97 (TomoHelical, TH) 45 , 4%l
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BFE WM EME , B R E TR E R A
PRIBEE S o R I PE R 1] 5 R AL AR BRE CT - F 49 8L
B, AR IR 0.5 em, S B HE S0
Mg, BIEES, S CTRLLE A B4 i M 45 14 fa
EXIBUEN s
1.3 AEERXKEKRIFE

2 2% b 5 5 i 98 PR A 4 (Radiation Therapy
Oncology Group, RTOG ) ZL Jit 9 P8 ZL A J5 #8 IX M 1 Je
fr H 2] bR ER S R IX ) m o iR o ) AR X
(planning gross tumor volume, PGTV ) PA4R 3¢ Sy /.0 1]
R VAL TG AN LS em, BTAASE KL 0.5
em, Ja SN BT R T I RS IX (clinical target
volume, CTV) 1 5 2y [A] ) B 3K & 2ok, R 5 oh
FUIRSRE T 2 em, Ji5 5 O I BE 55 il f) 52 Ak | i 5
BT 0.5 cm , A5 A fig 1 0 - AL, SIS
W 2 B S 2, N L AR R L. T R X
(planning target volume, PTV) A CTV 7847 0.5 em. f&
PSS LNERANTRE S A Y OO K2 N I Ase SR
i Bt o
1.4 ity

K W R R [ B HE B R, B R
Monaco5.11.03 & J7 11T %] & Gt it 47 sIMRT 11+ % 1% 1T,
FH 2B TomoTherapy 1697 131 22 Ge 47 TD 11l %
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Tt. 6 MV X4k, 4bJ7 Il #E 3 0 PGTV 5 750 cGy/
25 f, PTV 5000 cGy/25 f. sIMRT 3181 . LLGHEF 45
O 85 (1S0) W&ty , PTV Ny HAR BT 6 4 HR 5 5F .
/N TR A 4 em®, e /NBRES MU, f K 7 B 5K
80 , F% K 7t 2 600 MU/min , 38 A% % E 4 3 mm.,
TD i 4 : LLPTV S HbRik it 6 4~ IRGTHF . ARS8
B BRGRE COh I 2 8 R RGBT 55 B R 2.5 em;
PRI S 0215 P& K74 4. PGTV 5l & 223K : Dy, >
5463 cGy Dy, > 5 750 cGy .D,,< 6 037 Gy ; PTV Fl| i
B3R Dyg> 4 750 ¢Gy Dy, > 5 000 ¢Gy D, < 6 037 ¢Gy;
f& K45 B 7 it BRAE - 88 D,,.< 4 500 cGy O IE V<
10% . D,,.< 800 cGy; ZE il V.< 65% . V,i< 30%; 47 %l
D, <500 cGy.
1.5 iHRIEE

7% [ b 49 507 55 0 i 28 51 25 (International
Commission on Radiation Units, ICRU) 83 54 15, 1]
D, « Doy, Doy, PEAG X PGTV 1 PTV A I A FH il 122
Z 1A W W) S, FH 35 JE 38 22 (conformity index, CI) Al
5 59 1% 45 %4 (homogeneity index, HI) 43 51| 3F #i # [X.
PGTV F1 PTV 3% % & 4 5 4 . Cl=(V, /V,) x
(Vo V.0 Hh VS5 G ih R R i X
R, VO IXAR R, VS5 50 it 2 SE i

JIr A X IR AR . CIHEYE RIS 0 ~ 1, CI{E B K, iE
JE R4 o Hl=(D,,~Dygy, ) /Dsgy, » D,y 2% X A7 5|
(1) R AR ) 2, Dy, A 98% HILIX 37 3| (1) B AR5 2, D,
R 50% 8 1X 57 B Y F IR . HI{E BN, SRR 34 5)
PR . ZEWA VoV, & D, O IERY V,, fTD
HMFLR 24O B AR OERND,,, B8N D,,
RV f& S 25 B 0 RS AR BUR 37 82
1.6 FHit=EFHiE

Y o3 A1 R FH SPSS 22.0 i it dk 4k . R ORE
AR £ bRifE 22 (xx9) on,  HLASFHECXT e 40 50 .
P<0.05 h2ZRAGIFE L

mean

2 %

21 HBXFIEFMELR

2.1.1 ¥ X PGTV A ZF A% Li  SIMRT F1TD
Y e e 0 20 2R e AR LR J5 #E X PGTV 9 5] 1 2
Ko BRI AL X PGTV FIHE 2B HD,, . Dy,
Cl. HLIb#, ZRASiH4 L (P<0.05), sIMRT
[ D,,, T TD; Dy, KT TD; sIMRT i) CI = F TD,
Bl sIMRT (38 J& FE 4 F TD; TD Y HI X F sIMRT,
B TD A9 ¥ 23 ¥4 F sSIMRT ;. IMRT A1 TD f9 D, 22 57
BAGHEE X (P>0.05), Wk,

®1 BXPGTVHEFESHILE (xzs)

bl D, /cGy Dy, /Gy D, /cGy CI HI
SsIMRT 6003.11 +20.58 5722.66 + 11.15 587847+ 12.84 0.75 £ 0.05 0.05 £ 0.00
™D 5959.83 +45.03 5743.85 + 23.37 5876.57 + 23.43 0.61£0.13 0.04 £ 0.01
o 3.939 -4.482 0.321 6.335 4375
Pl 0.001 0.000 0.751 0.000 0.000

212 RRPTVAH ZF58ts  sIMRT MITD ¥
FE 52 B A2 FL MR DR FL AR J5 B X PTV /Y57 2 25K .
PR FR T S0) 09 88 DX PTV ) £ 2% S8 Dy, . C1. HI L
B, ZRAZIEE X (P<0.05), sIMRT [ Dy, {%

FTD, sIMRT A9 CI17% T TD(P <0.05), Bl sIMRT Ay
WAL T TD, TD K HIK T sIMRT(P <0.05), B
TD B9 ¥ 5 P4 T sIMRT, D, . D.,, B9 4100 2 % 6
Giit e X (P>0.05), W2,

®2 BRPTVHFIEFSHMLLE (r+s)

2031 D,,/cGy Dy, /cGy D, /cGy Cl HI
sIMRT 5911.06 + 42.09 4 864.15 + 48.80 5260.65 + 50.31 0.82 +0.04 0.20 + 0.01
TD 5904.52 + 46.06 4911.22 +22.60 5287.78 + 70.09 0.68 = 0.05 0.19=0.01
ofli 1.095 -4.537 -1.639 19.820 4.438
P 0.285 0.000 0.115 0.000 0.000
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Zefifi: sSIMRT FITD BV, V,, M D _ H#, %
S G E X (P<0.05), sIMRT 4 TD [&K T A&
Bt Voo Vo, MID, ., Hod sSIMRT ZE i V.V, Fl

mear

D % TD 4 BIBEAR T 3.69% . 1.26% Fl17.84% (P <

mean

0.05). XFFLHR: SIMRT MTD KD, H#, %%

P2 X (P <0.05), TD % sIMRT [&AIC T 5 86 19
D,, o OENZEFY . SIMRT A1 TD 76U [ V.45 44 i
i, Z5 A% E L (P<0.05), TD AL G
) D,,.. & T sIMRT, 1 TD A4 LEM D, =T

sIMRT, W#*3~5,

NN _ *x3 EMFIEFSHELE (x£s)
HE 25 L (P<0.05), TDXMFLEM D, %
SIMRT F&AK T 39.65% (P <0.05) . > : sIMRT #1TD A3 V. /% V% D, /cGy
MV, 8, 25 A% L (P<0.05), TDLHE sIMRT 45.58 +5.41 20.79 + 3.40 1 182.60 = 149.17
[V, B8 sSIMRT FEAIE T 0.91% (P <0.05) , 1fii TD . JifE D 4927 +7.72 2205£221 12832114758
M D,.. 5 sIMRT [bA, ZR LG iH=E X (P> tfA 4123 —2.926 —9:209
005) . ;ﬁ,%ﬁ . Q,IMRT *u TD E/‘J Dz% ttﬁ , % ﬁ‘ ﬁ éﬁ Pﬁ 0.000 0.008 0.000
x4 SHUZLBR OB BREFIEFZSHLER  (vxs)
X7 Yl i
215
D .. /cGy V,/% D, ../cGy D,,/cGy
sIMRT 24434 +97.95 236+ 1.76 37739 + 115.34 107.85 + 10.08
TD 147.46 + 96.88 1.45+0.78 381.79 + 95.38 4701+7.16
tfH 7.265 3.829 -0.411 39.460
P 0.000 0.001 0.685 0.000
x5 DFETLEHD, LB (xxs)
25 e By TEE Al FiilE
sIMRT 145.15 = 20.40 534.02 £ 196.15 135.32 £21.70 366.37 + 151.04
D 81.33 +17.51 607.83 = 170.93 69.13 + 11.25 420.38 = 156.91
i 37.011 -3.074 19.629 -3.796
P 0.000 0.005 0.000 0.001
3 itig B EiE a1~ 124 IR YT A A5 T ou sl

SIMRT J& — it S0 1/ Jir g H08 1X 551 s 385 0 I % 1E 4
AR HE AR 35 H T4 P IE A . sSIMRT 7£
2 Kb AR B S X AME — SO0 &R A X RIX =
HET IR AN A B2 B 580 X% LR A 51 6 2R 6 SR AR
JESEAT IR AT, BN B O O R R AR R AN AT,
{2 B A H0 DKM B PN R A o3 A LR R T Y
AW, S AEOE LI SR LR SR O R g b, SR
oK [R5 B R, B IX 5] #E  PTVS0 Gy/25 f,
PTV, .60 Gy/25 f, PEAS T A58 1 43 Al AN R SO
SR, S5 o IMRT £ AR BAT R 49 CLLUHI, HfE
R A E Chnes e s 55) 29458 1 R AP RS .

TD J2 (i FH [ 52 AL 2R DLAS 34 S5 1) £ 3 A 16 5

Z 1 6 (multi-leaf collimator, MLC ) %f 5 & w47 [
I i L KR SR T R 09 8% Bl ok A i B S R Y
A, LEE S BFgE {198 PR [R) 25 i 4 TD
B PPAL TD BN ZLMR B R FL T ARG B 07 1Y
A TR . S5 AL R i TD H AR s
A7 () EE M SR LY B RN R KR TEFL D
HECE BT 8], 155 3] £8 2 vh A 41 ) (26.5% ) F1 6 1]
(3.9% ) BT 20 M 3R &, 2 /5 kA TR itk
ELAK i, L5 B S S 1A H 2 ) B 3 B 2 il 4%
I L7 ¥0 bR 7 35 30 A A B 2% B AR 0 T X 3k
TR

CHUNG ¥, % T TD 1 3D-CRT iz i 7€ - 1]
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FL M e S8 v 0 3R R 2R A, BESE R, TD Y CLHE
B 8 P F 3D-CRT % CLAE, BP TD £ i&i J¥ B )5 1l E
£, {8 7€ HI J5 1, TD 5 3D-CRT L . & 2 5 . AW
S8, A8 PGTV 5 PTV , 7E C1{E J7 1 , sSIMRT ¥ 5 T
TD, HI & J7 i, TD ¥4Ik F sIMRT, o 5k J& i} , SIMRT
1 8 B O A T TD, TD 18 ¥y 510 5 i A8 T
sIMRT . B #1145 56 132 F TD 5 A 2L g8 P 7L
ARG BT WBEFE R, TD 41 PTV 76 D, Doy, S C1 7 T
e F IMRT 41, W5 # 16 HI 19 22 5% G2 X i
ABEFE T, SIMRT 31 X0 8 X PTV (1 Dyy,, . CLOEF TD,
TD () HLAE T sIMRT, D,,, 41181 Jo 22 5 , 3X 5 A 5% 25
WA 22 5, X ] e S R X ) 22 S et
FIV BT £ B o AR Ab 5 ) B R R IRl AE i S A
DX T B RS ) SRR —FE X S B 4 B AR 4 PR
Tl ZESRANR] o kG BR A AN ] S5 G

TG R T AR X IR A 2 kAT RS 4 [T ] R
(14 1E 5 20 2 AR AT 3k fo b 12 A7 31— 0 0 4 6 ) o
TS T30 S5 2 o 5 4% 0550 S5 42 O IR 483 475 2 ) 350 i 988
7 JE R WL IE R E o AHICHIFZE B, il L U 1 551
et AR S BORT G 590 T I A i 8 O AL R A XL
B B BFSE R, AV V, 1D, Y5
i A5 003 4 22 A A SEI L PAN SRR ST o, 2R R
I3, B> 60 Gy, V,, = 20 % F1F- 249 Jili 355 551
> 12 Gy S BT i35 45 ) Ad Sy O P 2R L s AR
5 A g 2 L 3R BH AR A Y V0 A 4
KA . AHESE H, SIMRT 41 22 fifi () V.V, Fl
D, KT TD 2, A8 2 8 7 D 2 AR 4 X,
SIMRT #4 1] 4 /)N £ A0 fil 1) 32 BEAR R, 3635 2, sSIMRT
A SR AV IS A I 483 4 A A AR 3R, T 0 AR Y
WA A

LAUGAARD Z5/IRF 58 S, o0 I 751 4 5 38 o 1
Gy , 3 %256k ok = 1 (14 & A= 638 0 19% , 7T U B a0
JUE ) o, R0 IR SR 1 R AR R E AR . AR
FEH PO R Vo, TD 4K T sIMRT 41, 1 00 JE 71
D,... P& 2R IGT2F 0 Lo EOIEE 2544 75 1,

mean ’

5 sIMRT 41 LL %, TD A2 470 i B D, B, T A2
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TD 4 A0 JIE (4 PR 57 I A AR B B AR # . TD 41
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2L AR 14 22 BRI H  XARE 1) d5e KR (D, ) R BB,
TD KT sIMRT 41, B HE1E R R LA T L 22 B it
i3 1R EDRE S O S A 1 28 R G0 R, AR ST 4R R
TD 4 A 1 R4 A E
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5 W HLOE T 10 5 sSIMRT 21 76 Jifi 19 V4V, Fil
D S{% T TD 41, SIMRT 5 A X 540 il () 44 47+ 58
FE XA il 3 3 i 2 s 1 AR, P S e R
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