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4D dose calculation for SBRT using deformable image registration

and probability density function of lung tumor
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1) Department of Therapeutic Radiology, Graduate School of Medicine, Yamaguchi University
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[ Introduction/Purpose] In radiation therapy (RT),
tumor motion during respiration results in signifi-
cant geometric and dosimetric uncertainties in the
dose delivery to the thorax. Internal target volume-
based treatment planning can provide coverage of
moving target, however, the effects of the respira-
tory motion on dose during free-breathing RT
could not be reflected.

The purposes of this study were to develop four—di-
mensional (4D) dose calculation method for stereo-
tactic body RT (SBRT) using end-inhalation (EI)/
end-exhalation (EE) CTs and probability density
function (PDF) of the lung tumor motion and to
compare the three-dimensional (3D) dose calcula-
tion.

[ Methods/Materials] A patient having fiducial
markers closely implanted to the lung tumor was
enrolled in this study. For treatment planning, the
whole lung was scanned under an EE/EI breath
hold condition with 3.0 mm thickness using a
4-slice CT scanner. Delineation and treatment plan-
ning were performed on the EE image and 3D dose
was calculated at EE and EI CTs from static treat-
ment plan using Acuros XB (Varian Medical Sys-
tems, Palo Alto, CA). First, deformable image regis-
tration (DIR) was performed between EE and EI
CTs and a deformable vector field (DVF) was ac-
quired. Deformed dose on the EE CT was calculat-
ed by deforming the 3D dose calculated on the EI
CT with DVF. Second, the fiducial marker motions
closely implanted to the lung tumor were measured
by real-time tumor-tracking system for about 60s

3D Dose at EE

4D(+) Dose at EE

Fig.1 Schema of proposed 4D(+) dose calculation method

and PDF of lung tumor motion was calculated
(Fig.1). Finally, the 4D(-) and 4D(+) doses were cal-
culated to accumulate deformed dose on the EE CT
with PDF and no PDF. The dosimetric parameters,
dose differences were compared between the 3D,
4D(-) and 4D (+) doses.

[Results] The dosimetric parameters of the target
volume and organ at risk from the 3D, 4D(-) and
4D(+) were compared. There was no difference be-
tween D99, and D1 of gross tumor volume. The V5
from the 4D(-) and 4D(+) dose for lung on the af-
fected side were 4.0% and 2.2 % lower than that
from the 3D dose, respectively. The V20 from the
4D(-) and 4D(+) dose for lung on the affected side
were 0.8% and 0.3% lower than that from 3D dose,
respectively. The pass ratios of dose differences be-
tween the 3D, 4D(-) and 4D(+) were 97.2 %, 98.4%
in coronal and 90.6% and 94.1% in sagittal plane, re-
spectively (Fig.2).

Fig.2 Dose distribution of (a)3D, (b)4D(-) and (c)4D(+) dose calculation and
dose distribution differences (d)3D-4D(-) and (e)3D-4D(+) in sagittal plane.

[ Conclusion] We have demonstrated the feasibility
of proposed four dimensional dose calculation using
DIR between EE and EI CTs and PDF of lung tu-
mor motion. Treatment planning using the 4D(+)
dose with a more realistic model to account for re-
spiratory motion might provide dose delivered to
the target and organs at risk more efficiently.





