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Dose variation caused by respiratory motion on SBRT for lung tumors: an analysis based on

4DCT and deformable registration
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Abstract: Objective To discuss the effects of respiration motions on the doses to tumors and organs-at-risk in patients receiving
stereotactic body radiotherapy for lung tumors in the lower lobe. Methods Fourteen patients with lung tumors in the lower lobe
underwent plain CT scans and four-dimensional CT (4DCT) scans to acquire plain scanning image and sequence images of 10
respiratory phases. The percentage of time intervals of each respiratory phase in a whole respiratory motion was calculated from
respiratory motion curves recorded during radiotherapy. MIM workstation was used to delineate tumors and organs-at-risks.
Treatment plan was designed based on plain CT, and then 3DCT plan was ported to sequence images of each respiratory phase
for dose calculation by accumulating doses based on the percentages of time intervals of each respiratory phase. Results The 4D
weighted dose accumulations of the mean dose of planning target volume, the V,, and mean dose of ipsilateral lung, the mean dose
of contralateral lung and the mean dose of lungs were decreased by 2.37%, 5.08%, 5.19%, 3.61% and 3.46%, respectively, compared
with 3D planned doses, with statistical differences (P<0.05). Conclusion The respiratory motions of patients result in decreased
doses to tumors and lungs, but the variation is within a small range. The dose variation caused by respiratory motion on SBRT for
lung tumors in the lower lobe can be more accurately evaluated by utilizing 4DCT and deformable registration and introducing
the percentages of time intervals of each respiratory phase
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Fig.1 Respiration motion curve of a patient receiving radiotherapy for lung tumor
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Fig.2 Percentages of time intervals of each respiratory phase in 14 patients
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Fig.3 Dose—volume histograms of tumor and organs—at-risk for each respiratory phase plan
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a~c: T 50% WP AR 1 53 A7 5 d~f': SR 25 WP I R 28 IS 3004041, ks T 50% PRI AR . 88 6 550 XS ER /R PTV
b5 30t 22 45 R B0 BCERL A, 5 ISR A 14 P2 I ) AR LU PR 3R

Li LIk, A WIS B T SO R A2 5 ] B S B AL I A2 Sl ek i iR SBRT A
AIREAR AR BN BTSN . MU 4DCTHEAL i B iRl i o B 52



- 1410 -

I BR A Y 2

5 36%:

1 144185 3D T RIF04D IALE N IR0 B F e AREL R
Tab.1 Dosimetric differences between 3D plan and 4D weighted

accumulation plan for 14 patients

Eiztan 3DflE  ADEMINIE o PME
PTV I/l /Gy 40.85£9.50  39.80£9.22  0.558 0.586
PTV V-5 /Gy 49.61+8.88  48.43£9.30  5.840 0.001
SRV /% 4591+18.83  45.64+18.69 0.632 0.538
STV, /% 39.00£18.93  38.59+18.87 0.947 0.363
RN V 50/ % 27.56+16.25 26.16£16.38 3.942  0.002
IG5 E/Gy  13.49£7.30  12.79+7.14  6.096  0.001
MV /% 21.62£19.73  22.04+21.95 1.607 0.132
EMIAT V /% 14.13£16.03  13.34£15.48 1.554 0.144
MR /Gy 3.32+2.56 3204249  3.074  0.009
2l V% 33.77+19.78  33.58+19.36  0.502  0.624
2Nl V% 25.61£16.21 25.33+15.66 0.754 0.464
SRl V% 12.68+7.74  12.48+7.68  1.061 0.308
A3 50 5/ Gy 7.81+4.36 7.5444.16  3.440  0.004
DT /Gy 6.64+5.13 6.98+5.35 2278 0.040
(&% 30ik]
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