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consistent with the steadiness of the 3D tumor position at
the expiratory phase shown in Fig. 5 and in our previous
analysis (7). The relative steadiness of the speed and the
position at the expiratory phase shown in this study will be
important in the design of 4DRT in future. Meanwhile,
intercepting radiotherapy rather than pursuing radiotherapy
is safer and most cost-effective in clinical use.

Frequent correction of the treatment couch during the
delivery of irradiation was as important as the setup at the
start of irradiation. Any emotional change of the patient, as
well as any unintentional sigh, cough, or abdominal disten-
tion, can induce a change in the tumor trajectory (8). The
need for frequent and prompt correction strongly suggests
the importance of fine on-line remote control of the treat-
ment couch from outside the treatment room in intercepting
radiotherapy. Otherwise, radiotherapists would be required
to go into the treatment room too many times to adjust the
treatment couch during the delivery of radiotherapy. The 4D
setup system was useful for increasing the efficiency of
gated irradiation by selecting the best position for gating.
The actual efficiency of 28% in the 21 patients in our study
was not detrimental, although it was less than the best
achievable efficiency, 62.4%, predicted by the 4D setup.
The reason why actual efficiency was lower than the pre-
dicted one may be explained by the learning curve neces-
sary to use the 4D setup system efficiently. Otherwise, it
may be due to the difference in the trajectory between the
prediction and the actnal treatment, because of the large
intrafractional change of the trajectory. If the latter is the
main reason, the 4D setup system is to be modified for
increasing efficiency. However, we are not yet certain
which explanation is correct, because only a few researchers
have had the opportunity to use the 4D setup system so far.

Four-dimensional setup using the tumor trajectory in the
RTRT system can minimize the systematic setup error be-
tween the tumor position at the planning CT and the tumor
position at the actual treatment at the same respiratory
phase, as long as the fiducial marker is stable. Even if there
is a large interfractional change in the tumor position rela-
tive to bony landmarks, the risk of geographically missing
the target volume will be reduced with the 4D setup. The
main limitations of this setup are as follows: () possible
migration of the fiducial marker from the implanted posi-
tion, (2) possible deformation of the tumor during radio-
therapy, and (3) lack of awareness about the relationship
between the marker and the critical organ. The first two
limitations could be reduced by using 3 fiducial markers
around the tumor or by adding CT-on-rail in the treatment
room. We reported earlier that the reliability of the marker
position lasts for 2—4 weeks from the start of radiotherapy,
beyond which the deformation of the lung due to inflam-
mation and tumor shrinkage makes the position unreliable
(23). Now at our institution, 3 or 4 markers are implanted
around the tumor and used to detect the possible migration
before treatment (23).

In conclusion, substantial interfractional and intrafrac-
tional changes in the absolute amplitude and speed of Iung
tumors were detected. Because the determination of internal
target volume using 4DCT, prediction models of respiratory
motion, and pursuing RT systems are all vulnerable to these
changes in the absolute amplitude and speed of lung fumors,
more work is required to polish 4DRT. The 4D setup using
the trajectory of tumor motion with fine on-line remote
control of the treatment couch was shown to be useful for
reducing the uncertainty of tumor motion and for increasing
the efficiency of gated irradiation.
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