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Different fixed-field intensity-modulated radiotherapy plans for breast cancer: a dosimetric

comparison
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Abstract: Objective To compare the dose distribution in 4 different plans for the modified radical mastectomy of breast cancer
for selecting an optimal treatment strategy with a high target coverage, good homogeneity, better conformity index and less doses
to the normal tissues. Methods A total of 16 patients with breast cancer after radical mastectomy were randomly selected, and
4 different treatment plans, namely 4-field (4F), 5-field (5F), 6-field (6F) and hybrid intensity-modulated radiotherapy (IMRT),
were designed for each patient. The doses of target areas and organs-at-risk were compared among 4 different treatment plans.
Results The conformity index of Hybrid-IMRT, 5F-IMRT and 6F-IMRT was better than that of 4F-IMRT, with statistical
differences (P<0.05), and no statistical differences were found in conformity index among Hybrid-IMRT, SF-IMRT and 6F-IMRT
(P>0.05). The homogeneity index of 4F-IMRT, SF-IMRT, 6F-IMRT and Hybrid-IMRT was 0.22, 0.22, 0.21 and 0.16, respectively,
without statistical differences (P>0.05). Hybrid-IMRT and 4F-IMRT were superior to SF-IMRT and 6F-IMRT in the Vs of
ipsilateral lung, and the V, of ipsilateral lung in Hybrid-IMRT plan were better than that in the other plans (P<0.05). The Vs,
of ipsilateral lung was significantly lower in Hybrid-IMRT than in 4F-IMRT and 6F-IMRT (P<0.05), but there was no significant
difference among other treatment plans (P>0.05). The Dy... of ipsilateral lung in Hybrid-IMRT was significantly higher than 5F-
IMRT and 6F-IMRT, with statistical differences (P<0.05), and there was no statistical difference between Hybrid-IMRT and 4F-
IMRT plans (P>0.05). No significant differences were found among 4 plans in the V3, and V., of heart. The Dy 0f heart in Hybrid-
IMRT and 4F-IMRT was lower than that in SF-IMRT and 6F-IMRT, with statistical differences (P<0.05). No significant differences
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were found in the D, of the spinal cord among 4 plans. 4F-IMRT was inferior to the other 3 plans in the Dy, of thyroid, with
statistical differences (P<0.05). The monitor unit was found to be highest in 6F-IMRT, followed by 4F-IMRT, 5F-IMRT and
Hybrid-IMRT. Conclusion Hybrid-IMRT plan which can remarkably improve the dose distribution of target areas, without

increasing the radiation dose of organs-at-risk should be further promoted in clinic.

Keywords: breast cancer; intensity-modulated radiotherapy; number of field; dosimetry

FLAR I R M i i W E M 2 — o FLIE
TERRIAAR B R ARG AR S AT UGS AT DL R
i Je 0 R DX sk L 25 0 R R miR AR . B
T BE & BT AR ey 7 & AN Wk 20 T & e A
BT 32 )3 1 B FLURR R 0T T AR = 4
& B i 8 IR JT (three-Dimensional Conformal
Radiotherapy, 3D-CRT) . ¥ 5 i 5F {6 7 (Intensity-
Modulated Radiotherapy, IMRT) ., 2% FRJiE % 4 58 Jilt 4
16 7 (Volumetric Modulated Arc Therapy, VMAT) .
E7E [ N L Tl i 25 BRI 76 R 2 4= Be L AR
Pl R ARIA AR S AR IH R R U) 2 B = 43 P s
09T B Ok RS e BE RN A R E S X . T
IMRT 1l = 4Eid 2 U7 0 = R B AR AE T
Jief 92 A DX PN = 4R 1 4 A S BE S A g
FENE A TR BN RN H 55 58 28 A B A A 1Y
RO, T 7 e FR B A 7)o A S P g [ s AR AT
FElIE W L 2L R SRI i PR, & BRI RS T+,
AN R AL AR LSS AT U I T3 ) &
TH B TRA IR TAER HAr o

| BT

1.1 BEIEE

PEFE20154E7 H~20174F 4 H Tl AR ER
g R A T B FLIR AR AR G R 16 6, A A
2% 849, B R Lotk AR 33~70 %, PR ALAE IS 55 %, 0
A T REIE# , TORUTT 25 SAiE , KPS $F43=80 43, R J5 i
PHUFSER A U, # BR ] BRpoes D TNM 43 58
KA, 7608 TR, 9 Bl T s . ARG R
Z TR BT TR 6~8 I L TR X AL EE H A
Jh e K 8RR 5
1.2 Fi&
1.2.1 BRALEE R CTHEMER T ikEE R4
I AN IR T I R 5 DRARA AR 1L, B A
A7 1 7 T BT B AR T BRI T B U Y e ]
DIME . AR HBE 0 SEPRE DU A 1 1 [ 26
A AR B 4 E . IR E R B Y
SR IIE B8 3 TR IR YT R AR AR i EE M AR

FERA T AR AT o i LS A s T i, Rl
R RN B BE () ST 5 CT R AT, SR _E R 1) |
2 R SR T, A E s AR AL O e R .
By ez bric B R 4 IR P AR L 51 AR
R OGKT 7 B3 AR R 0 e KB oo JF W4
o HTCFIHIRGE CT ML TS, e e T
W F8 2 - F VR I, 09 B R RO & T iR =
JFIE T 859, 250 5 mm, FHE5E 556 CT
KR 25 W 2% Z G546 2 Xio 167 R R 48 T A
122 SBXAE W TAMREEEAREE13 0 FL I
G ARG B, BT LA MR X (Gross Target
Volume, GTV) , ¥ 47 Ilfi JK # X (Clinical Target
Volume, CTV) Fl 71 %] ¥ [X_ (Planning Target Volume,
PTV)., $IX P07 0T 3294 B IM ) im -5 s i 24T
BE iR

(1) g BE R4S b %% CTV il /) il ELAK 2 IR 40
() RTOG FLAEHRIA AR5 (A5 X 2] A, Horp g
B BRI T D R T ZH bk L 21X e R
HT AR CLE J R R 1 LA R A9 S mm &,

(2)PTV NEAE CTV At b, BoR N FL 5 5MG 7
YT K S mm B R B BT SR SR AE B IR 1T 5 mm
LR RIALE, EARTR 54 A9 K 1 em AR ES
1.2.3 SETITRINETT PR B PR T IHRIME  Xio iR
S RIRG G, SRR AR AR
AR — &R EESE PTV A& H 50
Gy/25F,2 Gy/F,1F/d,5 diw. BREIZAUTT :PTVI10%
b 75 F) & R B <10% , PTV A1 (09 4F 4] #5 A R
M>110%40J5 7, PTV NASREA #US . fERAFE IR
FEZLR O ME Vie<5% , -5 1 (Dinean) <8 Gy s SEMIHZ
LV ,<50%, Va<28%, V35<19%, Dyear<1 5 Gy; fHIIHTV,,<8%;
HR AR Va<50% 5 88 (Do ) <35 Gy

A R 4 RO [E RS IR, 4300 4
7 JE 58 11K (4F-IMRT) ; 5 #7958 11X (SE-IMRT) ; 6
B 5% 71 (6F-IMRT) 5 i I 1R A I 58 113 (Hybrid-
IMRT) ., EARWE 1 s,

1.3 &t kI,

Z: % ICRUS3 5 it 5 #R 4l 7 &t - 1 F B 5 &

(Dose-Volume Histogram, DVH ) 3 34§ [X_ %) 575 £



iy -

S A, A FLUIRIE [ € EF iR S PR AR

- 1271 -

incidence direction

incidence direction

0
®)

mﬁ
1m¢%%;;;3§§ih%j;;>

IMRT IMRT

CRT

IMRT

®9

El1 4MAEIAFT AR TEE

Fig.1 Schematic diagram of 4 different treatment plans

a,b: A pair of irradiation fields were added on the basis of the internal and external tangent fields, and the interval between them was about 5°; c¢,d: A 0°

field was added on the basis of 4 fields; e, f: A 90° (Left) or 270°(right) field was added on the basis of 5 fields; g,h: A pair of irradiation fields were added

on the basis of the internal and external conformal tangent fields, and the interval between them was about 5°. The weights of conformal tangent fields and

intensity-modulated tangent fields were 1.5 Gy and 0.5 Gy, respectively. Another 0° field was designed, and the lower bound of the field was the lock bone.
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Tab.1 Comparison of PTV parameters among 4 different treatment plans (Mean+SD)

Plan Dia/cGy D.in/cGy Diea/ Gy HI CI
4F-IMRT 5545.33+124.49 4394.25+498.85 5240.33+84.91 0.22+0.11  0.49+0.07
SF-IMRT 5520.33+£127.21 4 365.50+584.07 5226.83+88.01 0.22+0.12  0.58+0.10
6F-IMRT 5491.67£107.87 4375.17+467.52 5219.60+70.16 0.21+0.10  0.65+0.09
Hybrid-IMRT 5510.00+97.69 4 690.75+130.72 5249.33465.10  0.16+0.04  0.60+0.06
4F vs 5F t value 0.466 0.124 0.366 -0.017 -2.437

P value 0.646 0.902 0.718 0.986 0.023
4F vs 6F ¢ value 1.081 0.093 0.625 0.094 -4.735

P value 0.292 0.927 0.539 0.926 0.000
4F vs Hybrid t value -0.741 1.907 0.279 -0.179 4.072

P value 0.467 0.070 0.783 0.088 0.001
SF vs 6F t value 0.570 -0.043 0.214 0.108 -1.800

P value 0.574 0.966 0.833 0.915 0.086
SF vs Hybrid t value -0.214 1.802 0.682 -1.693 0.611

P value 0.833 0.085 0.503 0.105 0.548
6F vs Hybrid t value 0.418 2.156 1.031 -1.830 -1.583

P value 0.680 0.042 0.314 0.081 0.128

PTV: Planning target volume; 4F-IMRT: Four-field intensity-modulated radiotherapy; SF-IMRT: Five-field intensity-modulated

radiotherapy; 6F-IMRT: Six-field intensity-modulated radiotherapy; Hybrid-IMRT: Hybrid intensity-modulated radiotherapy;

HI: Homogeneity index; CI: Conformity index
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Tab.2 Comparison of the dosimetric parameters of ipsilateral lung among 4 different treatment plans (Mean+SD)

Plan V% Va/% Vi/% Dyl cGy
4F-IMRT 47.00+3.92 31.1543.78 25.024+4.00 1552.584+194.31
SF-IMRT 88.41+19.08 33.53+4.47 25.86+4.56 1 856.92+231.55
6F-IMRT 88.07+10.24 35.61+4.46 26.27+4.97 1906.58+175.89
Hybrid-IMRT 51.0949.76 26.94+3.08 21.3242.93 1438.50+132.48
4F vs SF t value -7.050 -1.347 -0.457 -3.339

P value 0.000 0.192 0.652 0.003
4F vs 6F t value -12.428 -2.531 -0.651 -4.480

P value 0.000 0.019 0.522 0.000
4F vs Hybrid t value 1.291 -2.859 -2.478 -1.609

P value 0.210 0.009 0.021 0.122
SF vs 6F t value -0.051 1.095 0.204 0.567

P value 0.960 0.285 0.840 0.577
SF vs Hybrid t value -5.774 -4.021 -2.780 -5.202

P value 0.000 0.001 0.110 0.000
6F vs Hybrid t value -8.672 -5.300 -2.850 -7.050

P value 0.000 0.000 0.009 0.000

R3 AMAE A RZECHEFIESHEER (x+s)
Tab.3 Comparison of the dosimetric parameters of heart among 4

different treatment plans (Mean+SD)

Plan Va/% Vau/% Dinean/cGy
4F-IMRT 14.03£7.31 7.83+3.30 645.42+522.23
SF-IMRT 13.14+5.74 5.64+3.41 1047.83+£593.87
6F-IMRT 13.8747.76  5.67+3.50 1312.17+507.49
Hybrid-IMRT 9.69+6.49  6.14£3.82  555.17+458.03
4F vs SF t value 0.119 0.617 -1.688

P value 0.906 0.544 0.106
4F vs 6F t value 0.003 0.251 0.783

P value 0.997 0.551 0.006
4F vs Hybrid ¢ value -0.663 -0.456 -0.431

P value 0.514 0.653 0.671
SF vs 6F t value 0.115 0.008 1.122

P value 0.909 0.994 0.274
SF vs Hybrid ¢ value -0.578 0.151 -2.179

P value 0.569 0.882 0.040
6F vs Hybrid ¢ value -0.656 0.142 -3.673

P value 0.519 0.888 0.001

SEREA ¢ K50 AT LAAS Y, 4 BRI AE 0 s g VA I 7 Bk
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Tab.4 Comparison of monitor units among 4

different treatment plans (Mean+SD)

Plan Monitor unit

4F-IMRT 725.50+179.20
SF-IMRT 721.00+209.38
6F-IMRT 756.67+233.80

Hybrid-IMRT 623.92+147.29

4F vs SF t value 0.057
P value 0.955
4F vs 6F t value -0.367
P value 0.718
4F vs Hybrid t value -1.517
P value 0.143
SF vs 6F t value 0.364
P value 0.698
SF vs Hybrid t value -1.314
P value 0.202
6F vs Hybrid t value -1.664
P value 0.110
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