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Different optimization methods in hypofractionated radiotherapy for breast cancer: a

dosimetric study
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Abstract: Objective To discuss the dosimetric differences in hypofractionated radiotherapy plans for breast cancer optimized
by physical functions versus biological functions. Methods Fifteen left-sided breast cancer patients underwent radiotherapy
were enrolled in the study. The volumetric modulated arc therapy plans of the patients were respectively designed with
physical functions (DV group), biological-physical functions (DV+EUD group and EUD+DV group) and biological
functions (EUD group). The dosimetric differences among 4 optimization methods in the hypofractionated radiotherapy for
breast cancer were evaluated by calculating and analyzing dosimetric parameters. Results There were statistical differences
between plans optimized by biological functions (EUD, EUD+DV, DV+EUD groups) and the plan only optimized by
physical functions (DV group) (P<0.05). The dosimetric results of target areas in EUD group and EUD+DV group were
similar, and the EUD and tumor control probability of target areas in the two groups were higher than those in DV group and
DV+EUD group. Moreover, the dose of the ipsilateral lung in EUD group was less than that in the other 3 groups, and MU
was 16% lower than DV group and DV+EUD group. Conclusion Biological functions not only have significant advantages
in improving the EUD and tumor control probability of target areas and protecting the ipsilateral lung, but also improve
treatment efficiency. Biological functions can be used to optimize the treatment plan for breast cancer.
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Tab.1 Optimization results of dosimetric parameters of target areas
(Mean=+SD)

PEAGFE bR DV DV+EUD EUD EUD+DV  P{H

V0 o/% 95.98+1.25 96.07+1.15 95.27+0.33 95.36+0.52 0.031

D, /Gy  46.68+0.25 46.63+0.36 47.07+0.53 46.94+0.26 0.003

Dy, /Gy — 42.33+0.36 42.37+0.33 41.87+0.16 41.90+0.25 0.000

Dy, /Gy 44.71£0.16 44.65+£0.16 45.56+0.35 45.48+0.14 0.000
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Tab.2 Evaluation parameters of target areas in 4 groups (Mean+SD)

WAl TR bR DV DV+EUD EUD EUD+DV P1H
HI 0.097+0.010 0.095+0.009 0.113+0.013 0.111+0.009 0.000
CI 0.829+0.031 0.828+0.025 0.852+0.028 0.843+0.025 0.061
HLESBEEUMU 1 209.63+111.77 1 200.39+166.03 1 006.75+57.22 1 069.84+105.54 0.000
HH AR ] /min 3.37+0.37 3.37+0.35 2.96+0.32 3.09+0.30 0.002

A8 DA W ) T, AR B SE X AR T A
(AL X EUD #1417 T &t b, £32EYall
BL-100~-10 5, 4 41 31X ¥ X EUD [ 43 A 45 5%, Arh
A A Y a B-10 BF PAE/N T 0.05, B A St 22
S HAMER A G L T HE—S X4
b ez B 2SS a BUEZ I E R, E—3
PRT a WBUETE BT TIF9E . £ 4R alt-15~-5
A, 4 4T $E X BUD 19 43 Br 45 5%, A& v ] 1,
aL-13~-5F , 4 B4R AL 7 2 9 #E IX EUD H A 4t
P24 5% (P<0.05) .

TN AT AR 4 Fh G4k 7 vk A LK
TCP W4T 1 Geit2s o, 45 R Won  7E-100~-10 4,
HA Y aB-10 8 PAE/NT 0.05; 3E— 24" K a (I HUE
TS RN, a BL-13~-5 I PAE /N T 0.05, 4 Fh i 4k
JEMHE X EUD B geit22 22 5. B 1 EIR a (L
{HAL SHEIX TCP Z [ AU KA

3 afEH-100~-108F, FLARFE TR F#EX EUD(Gy, X + 5)
Tab.3 EUD of target areas in the treatment plans for breast cancer

with a value ranging from -100 to -10 (Gy, Mean+SD)

aff DV DV+EUD EUD EUD+DV PiE
-100 45.48+6.76 45.33+6.41 45.79+£7.20 45.28+6.99  0.997
-90  45.95+6.73 45.80+6.37 46.27+7.18 45.77£6.98  0.997
-80  46.54£6.69 46.37+6.31 46.86+7.16 46.36£6.96  0.997
=70 47.27£6.63  47.09+6.21 47.60+7.12 47.11£6.92  0.997
-60  48.18+6.51  48.02+6.07 48.56+7.06 48.09+6.85  0.996
=50 49.30+6.28  49.19+5.82  49.80+6.93  49.38+6.72  0.994
-40  50.61+£5.84  50.62+5.38 51.26+6.57 51.02£6.45  0.994
-30 51.97+5.01  52.06+4.57 52.76+5.71  52.70+£5.70  0.961
-20 53.21£3.43  53.27+£2.99 54.35+3.95 54.19+4.08  0.750
-10 54.31+0.62 54.26:0.54 55.72+0.82  55.50+0.85  0.000
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Tab.4 EUD of target areas in the treatment plans for breast cancer

with a value ranging from -15 to -5 (Gy, Mean+SD)
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Tab.5 Dosimetric index of the heart and lungs (Mean+SD)

WAL TR bR DV DV+EUD EUD EUD+DV P{E
A0 fils V% 68.19£12.43  60.28+6.51  52.67£7.36  63.41+12.15  0.001
V,o/% 39.46+5.64  39.69+3.95  35.19+4.65 37.83:4.69  0.046
V,o/% 262144.15  27.40+£3.67 24.11£3.72  24.72+432  0.111
V% 19.13£3.52  20.61£3.16  17.21+2.96  17.57£3.79  0.030
D, ../Gy 12.06£1.54  12.17+136  10.62+1.40  11.34+1.70  0.023
il Vi/% 24.98+12.03 25.10+11.52 24.21=12.15 24.96£9.08  0.996
V% 537+4.44  525+426  5.15+4.72 626444  0.898
D,.../Gy 3.15£0.81  3.14+0.82  3.03+0.85  3.15£0.67  0.968
I V,/% 34.70+14.19 35251455 30.63+12.12 27.34+12.44  0.333
V,/% 715486 6.19+3.86  5.03+3.73  6.19+4.84  0.617
e/ GY 8.7242.40  8.46£222  7.77+1.87  7.58+2.24  0.433

#*T6 EMAEEUD(Gy,x + 5)
Tab.6 EUD of the ipsilateral lung (Gy, Mean+SD)

afd DV DV+EUD EUD EUD+DV P{E
0.1 6.13£1.21 5.74+£0.91 4.7340.93 5.56=1.21 0.007
0.2 6.60+1.25 6.27+0.98 5.17+1.00 6.00+1.27 0.008
0.3 7.11£1.30 6.86+1.05 5.66+1.07 6.49+1.34 0.010
0.4 7.68+1.37 7.50+1.14 6.21+1.14 7.03+1.43 0.012
0.5 8.29x1.44 8.20+1.23 6.81£1.22 7.61£1.52 0.015
0.6 8.95+1.52 8.94+1.32 7.46+1.31 8.24+1.62 0.019
0.7 9.64+1.61 9.73+1.42 8.15+1.39 8.90+1.72 0.023
0.8  10.37+1.70 10.54+1.51 8.87+1.48 9.60+1.83 0.027
0.9  11.12+1.80 11.38+1.61 9.62+1.57 10.32+1.95 0.032
1.0 11.89+1.89 12.23+1.70 10.40+1.65 11.06+2.06 0.036

R7T LAD . BN AMARBARFIZHREIFER K £ 5)
Tab.7 Dosimetric parameters of LAD, spinal cord and right—sided breast (Mean+SD)

BRREE DV DV-+EUD EUD EUD+DV  P{§
LAD D,../Gy 30.39+4.52  34.14+3.74  31.21+453  30.76+5.09  0.102
D, /Gy 17.3244.03  17.39+3.87  15.70+4.43  16.56x4.44  0.664
- D,./Gy 4.41£1.51 3.40+1.75 3.61+2.35 3.70£1.95  0.504
LA V% 10.16£8.95  12.43+6.66  11.41£7.06  11.09+8.90  0.890
D,./Gy 6.67+0.81 7.46+1.18 6.95+1.03 6.22+0.68  0.006
D, /Gy 2.59+0.51 2.69+0.48 2.67+0.46 2.68+0.48  0.935

LAD 55 %5 i (9 45 R 15 b S AR Wy ek B DB eR 0 OO0 il 2L 2% 5 A IR ) 38— s R L I 7 )
AL Z Y S R IFA WL , WA N BN B S0t 2o AN T e 8 1) 55 300 0 o U sl e 000 f 20 280 7% 5
FAE AR AE — RE R AP AE S B A7, 2R U A R I DX , 52 3 A e A 50 e R 22 B
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