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Dosimetric study on Flatten-Filter Free for primary liver cancer

HOU Yong', HUANG Rui-bin’, FAN Yi-Iu'
1. Department of Oncological Radiotherapy, Shandong Qianfoshan Hospital, Jinan 250012, China; 2. CT Room,
The Fourth People's Hospital of Jinancity, Jinan 250011, China

Abstract: Objective To compare the dosimetric characteristics of one-arc, double-arc and fixed seven-beam intensity modul-
ated radiotherapy (IMRT) based on Flatten- Filter Free (FFF) model and Flatten Filter (FF) model for primary liver cancer.
Methods Thirteen patients with primary liver cancer were selected. The planning target volume (PTV), organs at risk (OARs)
and normal tissues were delineated on enhanced CT image. The one-arc, double-arc, and fixed seven-beam IMRT plans based
on FFF model and FF model were designed on the same set of CT image. The total therapeutic dose was 200 cGy*30 times.
The dosimetric parameters related to statistical PTV on dose volume histogram (DVH), conformity index (CI), homogeneity
index (HI), dose volume parameters of livers, monitor units, therapy time and plan time underwent Non-parametric Wilcoxon
Matched-Pairs Signed-Ranks Test by SPSS20.0. Results There were no significant differences between these plans based on
FFF model and FF model in HI, CI (P>0.05). However, there were significant statistical differences in the Vos,, maximum
dose, minimum dose and mean dose of PTV (P<0.05). The Vs, of PTV in one-arc, double-arc and fixed seven-beam IMRT
plans based on FFF model was separately 34.3%, 13%, 1.2% lower than that in those plans based on FF model, and the
maximum dose of PTV in these plans based on FFF model was separately 1.54%, 1.39%, 2.2% lower, and the minimum dose
of PTV of these plans based on FFF model was separately 17.9%, 6.6%, 9.23% lower, and the mean dose of these plans base
on FFF model was separately 9.23%, 2.0%, 2.3% lower. Conclusion FFF can effectively reduce the normal liver tissue dose,
reduce the duration of treatment and further improve the safety of radiotherapy.
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Fig.1 Comparison of dosage and DVH of PTV based on one—arc FF model and FFF model
Note: DVH: Dose volume histogram; PTV: Planning target volume; FF: Flatten filter; FFF: Flatten-filter free
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Fig.2 Comparison of dosage and DVH of PTV based on double—arc FF model and FFF model
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Fig.3 Comparison of dosage and DVH of PTV based on fixed seven—beam FF model and FFF model
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Tab.1 Dosimetric comparison of PTV in one—arc plans (Mean+SD)

Plan model HI CI Vosu(%) Du (Gy) D.i(Gy) Diean(Gy)
One-arc FF model 0.09+0.03 0.70+0.20 99.10+0.58 64.90+£5.00 47.50+4.90 61.20+0.60
One-arc FFF model 0.09+0.04 0.31+0.35 65.10+38.70 63.90+3.60 39.00+17.60 57.80+3.00
P value 0.499 0.128 0.027 0.015 0.018 0.028

Note: HI: Homogeneity index; CI: Conformity index
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Tab.2 Dosimetric comparison of PTV in double—-arc plans (Mean+SD)

Plan model HI CI Vo %) Du(Gy) D.in(Gy) Duen(Gy)
Double-arc FF model 0.08+0.03 0.43+£0.36 94.60+0.79 64.60+2.80 48.40+6.80 60.60+1.24
Double-arc FFF model 0.10+0.04 0.18+0.20 82.30425.50 63.70+1.10 45.20+8.60 59.40+0.88
P value 0.108 0.128 0.042 0.012 0.043 0.041
3 LFITRERFIEZ LB (xs)
Tab.3 Dosimetric comparison of PTV in seven—beam plans (Mean+SD)

Plan model HI CI Vosu( %) Duu(Gy) Duin(Gy) Drean(Gy)

Seven-beam FF model 0.06+0.02 0.68+0.29 99.60+0.54 63.50+1.23 50.02+4.60 61.16+1.05

Seven-beam FFF model 0.07+0.01 0.42+0.29 98.40+1.27 62.10+2.06 45.40+6.80 59.76+2.40

P value 0.140 0.243 0.039 0.018 0.018 0.031
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Tab.4 Dosimetric comparison of liver in one—arc plans (Mean+SD)

Plan model liver Vs(%)  liver Vio(%) liver V(%) liver Vso(%)  liver Vio(%) Livernen(Gy)
One-arc FF model 84.00+19.00 78.57+20.80 65.29+24.00 43.80+18.00 25.60+11.90 27.40+8.50
One-arc FFF model 81.70+£19.50 76.86+21.30 60.57+24.30 39.40+18.50 21.40+11.00 25.30+8.60
P value 0.027 0.039 0.018 0.027 0.028 0.018
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Tab.5 Dosimetric comparison of liver in double—arc plans (Mean+SD)

Plan model Liver Vi(%)  Liver V(%)  Liver Vo(%)  Liver Vso(%)  Liver V(%) Liverue(Gy)
Double-arc FF model ~ 84.00+17.50  78.86£19.20  66.00421.10  46.86+22.70  29.30+18.70 28.30+£9.04
Double-arc FFF model ~ 82.30+18.40  77.86£20.70  67.10£18.30  40.30£16.25  28.60+24.90 26.50+14.80
P value 0.041 0.167 0.91 0.207 0.547 0.612
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Tab.6 Dosimetric comparison of liver in seven—beam plans (Mean+SD)

Plan model Liver Vs(%)  Liver Vio(%)  Liver Va(%)  Liver Vi(%) Liver V(%) Liverue(Gy)
Seven-beam FF model 83.43+18.50  76.43+20.30 65.57£20.00  44.90£20.90  28.57+13.20 28.15+8.68
Seven-beam FF model 81.57+£18.60  75.86+20.40 62.30+21.50  42.43+19.90  26.00+11.80 25.77+14.80
P value 0.024 0.047 0.026 0.016 0.017 0.033
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Tab.7 Dosimetric comparison of OARSs in one—arc plans (Mean+SD)
Plan model Spinal cord max (Gy) Left kidney V(%) Right kidney V(%) Plan time (min)  Treatment time (s) MU
One-arc FF model 32.4+6.3 8.0+10.4 13.6+19.8 106.8+2.2 65.7+15.2 438.0+101.6
One-arc FFF model 29.8+7.05 8.6+14.6 18.4+26.7 105.2+4.8 25.2+5.3 482.0+74.3
P value 0.118 1.000 0.414 0.520 0.012 0.465
Note: OARs: Organs at risk; MU: Monitor units
F8 WMitRIK B R FBEF2FILE (xis)
Tab.8 Dosimetric comparison of OARs in double—arc plans (Mean+SD)
Plan model Spinal cord max (Gy)  Left kidney Vi (%)  Right kidney V(%)  Plan time (min) Treatment time (s) MU
Double-arc FF model 27.67+7.31 3.749.8 15.4+23.6 136.8+1.9 110.2+11.7 434.4+84.8
Double-arc FFF model 28.38+7.41 2.4+6.4 16.4+21.7 134.2+2.4 54.145.8 466.3£105.2
P value 0.345 0.317 0.715 0.510 0.020 0.398
F9 THITHNBERFBEFIZZILE (xis)
Tab.9 Dosimetric comparison of OARs in sever—beam plan (Mean+SD)
Plan model Spinal cord max (Gy)  Left kidney V(%) Right kidney V»(%) Plan time(min) Treatment time(s) MU
Seven-beam FF model 34.95+8.48 12.1£12.9 12.9+13.9 60.2+8.2 125.7+12.1 1054+447
Seven-beam FF model 33.11+£7.27 10.1+11.3 10.4+10.9 55.8+1.4 452453 1227+624
P value 0.063 0.066 0.109 0.120 0.012 0.218
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