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TomoDirect in chest wall irradiation for postoperative patients receiving radical mastectomy

HEYanan, LUO Huanli, JIN Fu, LIU Xianfeng, WU Lihua
Chongqing Cancer Hospital, Chongqing 400030, China

Abstract: Objective To explore the advantage of TomoDirect in the chest wall irradiation for patients after undergoing radical
mastectomy, providing guidance for clinical use. Methods Ten patients after radical mastectomy for breast cancer (including 5
patients with left breast cancer and 5 with right breast cancer) were selected in the study. For the chest wall irradiation in 10
patients, intensity-modulated radiotherapy (IMRT) and volumetric-modulated arc therapy (RapidArc) plans were generated on
Varian Eclipse treatment planning system (TPS), and helical tomotherapy (HT) and TomoDirect (TD) plans were also generated
on tomotherapy TPS. The conformity index (CI), homogeneity index (HI) of target areas, dosimetric distribution of organ at risks
(OAR), monitor unit (MU) were compared among four plans. Results The CI in RapidArc plan for left and right breast cancers
was 0.86+0.01, 0.81+0.03, respectively, and HI in HT plan was 0.04+0.00, 0.04+0.00, respectively, with significant difference
compared with those in the other plans (P<0.05). The V,, V3, of ipsilateral lung and total lung was lowest in RapidArc plan (11.64+
0.45, 4.53+0.35 for left breast cancer, and 19.25+6.11, 9.19+3.60 for right breast cancer). The lowest V; of ipsilateral lung in
patients with left breast cancer was 41.61+3.97 which was found in TD plan, and that in patients with right breast cancer was
40.08+2.47 which was found in HT plan. For the contralateral lung, TD plan showed significant advantages because the Vs, Vi
of contralateral lung in TD plan was zero, and that the Vs of contralateral lung in TD plan was 0.56+0.18, 3.84+1.93 for the left
and right breast cancer, respectively. The V3, was lowest in RapidArc plan (1.75+0.21) (P<0.05), and the V,,of heart was lowest
in TD plan (25.27+0.96), with significant difference compared with those in the other plans (£<0.05). The lowest minimum dose
of spinal cord was observed in IMRT plan, while the lowest mean and maximum doses of spinal cord were found in TD plan (P<0.05).
Among the four plans, IMRT and TD plans had the lowest dose in low-dose area, and IMRT and RapidArc plans had the least

MU. Conclusion As a new technology for the breast cancer irradiation, TD was preponderant in OAR protection and can be used
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with the other three technologies.

Keywords: breast cancer; intensity- modulated radiation therapy; TomoDirect; helical tomotherapy; volumetric- modulated

arc therapy ; chest wall irradiation
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WY L R LA 125 CT (Brilliance- 16, Philips
Medical Systems Inc., Cleveland, Ohio) , 3¢ [#] Varian
N2 258 VARIS, B4R T /E %4 Somovision, 5T
i 97 11 %Il & 48 (Treatment Planning System, TPS)
Eclipse10.0, [ FH 1 26 il i #% Varian IX, FL 4 120 J
MLC, M J 58 B A 5~10 mm , 22 RHet 18Uie W 2 i A
JT 24t (Accuray TomoTherapy System) .
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M2 FH Direct #522, £ BE BN [R] IMRT 45—,
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dArc 1Ak, 34k, MU {H7E IMRT RapidArc X
A S ek, SR A LI 1, BRI 1 R 2,

RapidArc

IMRT: Intensity-modulated radiotherapy; RapidArc: Volumetric-modulated arc therapy; TD: TomoDirect;

HT: Helical tomotherapy

1 IMRT,RapidArc. TD A1 HT i XIHFIE S HIER
Fig.1 Dose distribution of IMRT, RapidArc, TD and HT plan
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Tab.1 Dosimetric comparison among four radiation plans for left breast cancer
P value
Parameter IMRT RapidArc HT D IMRT RapidArc IMRTvs. IMRT RapidArc HT
vs. HT vs. HT ~ RapidArc  vs. TD vs.TD  vs. TD

CI 0.72+0.03 0.86+0.01 0.57+0.03 0.55+0.01 0.006 0.000 0.006 0.004 0.000  0.493
HI 0.07+0.00 0.08+0.00 0.04+0.00 0.06+0.00 0.005 0.004 0.423 0.354 0.060  0.002
Heart Vio/% 34.20+3.51 39.20+2.74 34.25+2.69 25.27+0.96 0.986 0.324 0.176 0.056 0.005 0.028
Heart Vi/% 6.33+1.19 1.75+0.21 7.63+1.26 4.50+0.86 0.113 0.008 0.020 0.139 0.046  0.060
R-Lung Vs/% 2.16+0.59 13.74+4.21 15.92+1.55 0.56+0.18 0.000 0.699 0.051 0.028 0.033 0.001
R-Lung V./% 0.00+£0.00 0.00+0.00 0.07+0.02 0.00+0.00 0.024 0.028 0.374 - 0374  0.024
R-Lung V3/% 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 - - -

L-Lung Vs/% 60.35£1.26  71.40+5.27 40.77+1.28 41.61+3.97 0.000 0.005 0.099 0.004 0.017  0.782
L-Lung Vx/% 19.66+0.31 11.64+0.45 26.31+£0.29 16.70+0.93 0.000 0.000 0.000 0.026 0.014  0.000
L-Lung V:/% 11.80+0.36 4.53+0.35 19.44+0.66 9.51+0.57 0.000 0.000 0.000 0.060 0.004  0.001
Total lung Vs/%  30.31+£0.75  41.56+2.23 27.91+0.72 20.52+1.73 0.074 0.004 0.004 0.006 0.004  0.022
Total lung V/% 9.51+0.07 5.64+0.24 12.76+0.11 8.05+0.41 0.000 0.000 0.000 0.026 0.014  0.001
Total lung V3/% 5.71+0.16 2.20+0.19 9.41+0.33 4.61+0.26 0.000 0.000 0.000 0.059 0.003 0.001
Body Vs/% 24.17+1.17  28.53+1.72 39.67+1.89 21.27+1.25 0.000 0.006 0.006 0.102 0.026  0.000
Body V./% 12.94+0.58 16.16+0.98 24.53+£2.28 13.15+0.61 0.003 0.006 0.002 0.664 0.010  0.005
Spinal cord-

Du/cGy 10.24+2.38 18.46+6.54 24.00+3.90 15.60+3.30 0.002 0.121 0.140 0.018 0.474  0.002
Spinal cord-

Du/cGy 95.10£6.54  659.10+£73.00  753.80+46.26 66.00+7.32 0.000 0.193 0.001 0.000 0.001 0.000
Spinal cord-

Dyo/cGy 52.82+3.83  201.88+19.91  292.60+16.82 40.20+2.96 0.000 0.002 0.002 0.007 0.002  0.000
MU 858.80+63.32 911.80+62.69 5 189.80+142.07 612.00+180.31  0.000 0.000 0.395 0.000 0.000  0.005

CI: Conformal index; HI: Homogeneity index; MU: Monitor unit

G2 AR . AR SO K 10 9 FLRR T R RARTA AR
J W BE I TROT , Bt 4 AR 1984 SR : RapidAre
TR CLiA % 0.86+0.01(£5) .0.81+0.03 (£7) , B AL
THAH) 3 M AR, X 70431 B RapidArc 1K1 i35 5]
M Y PEF S 7E HT 3R b, HI{EAIK % 0.04+0.00
(7£).0.04+0.00(f7) , IXHIET T REZH¥H KT
HT A8 I i 2l 40 X 3 5 i e 8

IS4 il % (Radiation Pneumonitis, RP) 2 %L Jif
S WOT vh — T B I R, 2 R A T A 3
H BRI 1.0%~2.4%. ZBFEHINATERNERET
PLE BEAEWS M B ACIR I TR A I A A i
Tt R R R AR AR 22 R 3 A O IR AT I
] v it ) RSP S AR I A0, SR R SR Y
i, Dang S5 WS I, il 0 T4 5 R Voo i
SERP W EERZE ., Agrawal 5 I E T ilipY sz 18

PRFRS RP LA BEAT] 43, Horp Vs Vo S5 AT DL
T RP [ PFAl . Goddu 4578 X b 22 3L A 9 3D-
CRT A HT JF RIS H 2518, HT ANUAEE P B 13
1% EARF 3D-CRT, Bk FEAR 1 A Y Vs RO E
(2150 f . Reynders 952 76 7 S 1 5% H & 3K, To-
mo Therapy . TD 3X W #1357 5 2 AT ATE 7 A8 45 []
S TAE SR S A AR AT EE T, BRI 8 1
PR ERRANTRIBESE R, X 4 BT ER BT LU #R
TD HT FEAR T AT S %) Vs RapidAre AL T i
AT S Voo Vo 5 T CEREA00 A D02 A2 A VDR T T A
BF (%) IMRT 1 TD 3z s fie /N o BRI, A0 SR A1 —
PTG Ol 22 , B AR GRE SR, 5 AT BE At 9 (4n
P 1 BH ZEPE Ml 58 2RIl A ), AR TR)  4) il RL 5 i
RP 0] BEPE A, U8 TD  HT A 5 a5 A — ik
T DL, BN 52— 52 2 A0 B8, #3818 fif ] RapidAre
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Tab.2 Dosimetric comparison among four radiation plans for right breast cancer

P value

D IMRT RapidArc IMRTvs. IMRT RapidArc HT
vs. HT ~ vs. HT RapidArc vs.TD  vs.TD vs. TD

Parameter IMRT RapidArc HT

CI 0.66+0.02 0.807+0.033 0.48+0.03
HI 0.07+0.01 0.080+0.006 0.0420.00
Heart Vi/% 11.78+5.58  28.290+7.613 28.36+3.92
Heart Vi/% 0.01+0.01 0.050+0.033 1.03+0.55
R-Lung Vs/% 68.56+£2.77  76.581£5.052 40.09+2.47
R-Lung V./% 21.40£1.41  19.250+6.111 25.02+1.58
R-Lung Vi/% 12.47+1.42 9.189+3.596 19.18+1.23
L-Lung Vs/% 10.09+£5.46  18.608+3.110 19.46+2.98
L-Lung V./% 0.00+0.00 0.00+0.00 0.56+0.12
L-Lung V:/% 0.00+0.00 0.00+0.00 0.00+0.00

Total Lung Vs/% 38.37+1.80 51.4843.51 31.05+¢1.97
Total Lung Va/% 12.33+0.62 10.80+3.29 14.46+0.85

Total Lung Vi/% 7.37+0.70 2.25+2.06 10.93+0.71

0.50+0.03 0.002 0.000 0.004 0.003 0.000  0.385
0.06+0.00 0.015 0.006 0.335 0.404 0.083  0.000
7.14+2.20 0.084  0.989 0.157 0.408 0.026  0.001
0.00+0.00 0.135 0.138 0.297 0.374 0.198  0.134
54.62+2.54 0.002 0.000 0.286 0.009 0.007  0.011
20.14+2.22 0.011 0.359 0.699 0.465 0.833  0.066
10.94+0.89 0.000  0.037 0.405 0.394 0.562  0.003
3.84+1.93 0.249  0.795 0.283 0.336 0.001 0.003
0.00+0.00 0.010  0.010 - - - 0.010
0.00+0.00 - - - o -
32.86+1.83 0.000  0.000 0.003 0.029 0.004  0.380
11.34+1.07 0.011 0.310 0.633 0.313 0.822  0.049

6.18+0.42 0.000  0.047 0.381 0.243 0.605  0.004

Body Vs/% 28.18+2.26 33.75+2.93 36.56+0.99 24.09+1.75 0.026 0.359 0.198 0.286 0.004 0.001
Body Vi/% 15.16+1.23 18.65+1.95 22.714£0.54 14.36+1.07 0.003 0.087 0.171 0.670 0.015 0.002

Spinal cord- 27.060+
8.90+0.94 21.60+1.81 15.20+1.16 0.000 0.708 0.256 0.000 0.437 0.004

D.i/cGy 13.973

Spinal cord- 631.64+
122.24429.57 729.60+82.91 67.60+5.14 0.001 0.620 0.028 0.109 0.018 0.001

Duna/cGy 148.56

Spinal cord-
B 55.72£5.96  215.52+35.10  272.20+38.33 42.00£3.07 0.004 0.252 0.007 0.040 0.006 0.004
- C &

MU 940.80+98.87 786.80+£52.86 5 631.60+272.97 7 483.60+411.67  0.000 0.000 0.341 0.000 0.000 0.016
HoR, 0.960 , A5 11| A7 7.13542.198 ; LM Vo P32 5 E A2 L

T3, FUBE CREMRZEM) 35 NAERFET , Hh i
JeA R IR B850 , 75 3D-CRT  IMRT 25301 14 B S B
B, O T SRR X (B 5 D s 2 a7
| Jeys e R e A el A O IR RS . AR Pl
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PR BT, RRIEAR T U A & A RIHD (1
A, Hijal 55 FEZLIRE R A M BRES X HT F13D-
CRT 7 B3 th 4518, HT THRIBEAS TA0ME Vs,
{8 Vo S8 K 3D-CRT £ 104 i 252 W5
BRI, HTHEZIMRT LA Do s Vao . Vo 3R T 12%
71%.82%. Gyenes 3¢ 55 &I, LoME Vi 52 1AL,
A SR I o VS P T LRt N . AR S O
Vi 32 5 7E TD 3R 7 I L3, 2o MR %2 25.268+

JiE ) RapidArc T3 FP Al (624 1.75040.214, 7EA
AFPERTCHIE DO . AT WL, TD  RapidAre £ A RE
ARG PR O MELH A, BGOSR R A2 2
PR 20383 38) 2 2L s N IE DD REAICR i, e p e
HEHE

TEFUMRREOT B TR A DX PR B e, At
AN KN RE PR LB RE , B BERY 32 i 2R WU
S, ASCHREBEE 77X 4 FHERIE#ESZ 2, LI
TEPIINZL R v A i IMETE IMRT TR g IS,
REAY B AR FAEFE TD T el fr ] WLIE
ST LA E AR R T A ST £ B AR X AP 2k
Dyl R 1A, A KKEEL T E 25, 735,
HT . TD %54 ) MVCT (Megavolt Computed Tomogra-
phy) " TERRKIAYT AT A ) =4 AR, IR
T CT#ATSE VLA, 2 IEAB 0 1R 25 . T IXAERHL
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HEE I X Body Vs, Vi 3/NT RapidAre HT 1141, i
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407 , BRAR B IR U R P S I 1) e A 3 BRI T ik
oA, FRFRA TS T MU X8R, Gt ki
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RIFEIE . BN MU (E AR =5 1 g i i
BRI T R AN 8T TIRITRICR  BEAIR
T IREUER

25 TR TD HARTECOME | A i R il i) A7)
X CE R G A2 AR O S A PR I HLREAR T
BRI W HEU 57 18505 . RapidArc £ R BENE 7E 14
WEHE DX A A 38 T BE T T, A 250 B2 AP o Jii 1) 15
FlfE GG E . HTEOR B T X A5 (1
EEERGEZE LRBRAHE ., ZAKHER, A
WE 9 5 78 R FL M o0 B AR A R 5 ) BE TR0y P it 4
S IR % R A SERR S L RP \RIHD [ & A=
R B G s S A B 2 B LT, #
i TD R 5 7875 ZERIHD X M S Mg B 2 T
VERCRAGIE BT, #E77 F RapidArc £ A ; 7675 B4 5
B DI 5T s N T i A2 45 o A8 S B TR 4
T HT AR,
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