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A Study of the Adjustment and Treatment Depending on the Change of
Prostate Location Using DIPS in Proton Beam Therapy for Prostate Gland
in which a Fiducial Gold Marker was Inserted

June-Ki Park, Sun-Young Kim, Tae-Yoon Kim, Kye-Sook Choi, Doo-Suk Yeom,
Dong-Yoon Kang, Seung-O Choi, Ji-Youn Park

Center For Proton Therapy, National Cancer Center, Goyang, Korea

Purpose: To monitor the changes of location of prostate gland using DIPS and to examine the adjustment and
proton beam therapy depending on the movement of prostate gland in proton beam therapy for prostate gland
in which a fiducial gold marker was inserted.

Materials and Methods: This study was conducted in ten patients with prostate cancer who received proton
beam therapy since April of 2008. To monitor the change of prostate location, three fiducial gold markers were
inserted prior to the treatment. To minimize the movement of prostate gland, patients were recommended to
urinate prior to the treatment, to intake a certain amount of water and to concomitantly undergo rectal balloon.
In these patients, the set—up position was identical to that for a CT—simulation. The PA (posterior—anterior) and
lateral images were obtained using both DIPS (digital image positioning system) and a plain radiography, and
they were compared between the two imaging modalities. Thus, the changes of the location of fiducial gold
marker were assessed based on three coordinates (x, y, z) and then adjusted. This was followed by proton
beam therapy.

Results: Images which were taken using a plain radiography were compared with those which were taken
using DIPS. In ten patients, according to a reference bony marker, the mean changes of the location of fiducial
gold marker based on an iso—center were X—axis: *+0.116 cm, Y—axis: £0.19 cm and Z—axis: *+0.176 cm.
These ten patients showed a difference in the changes of location of prostate gland and it ranged between
RT: 0.04 cm and RT: 0.24 cm on the X—axis; between Inf: 0.03 cm and Sup: 0.42 cm on the Y—axis; and
Post: 0.05 cm and Ant: 0.35 cm on the Z—axis.

Conclusion: To minimize the movement of prostate gland, as the pre—treatment prior to the treatment. In all the
patients, however, three fiducial gold markers showed a daily variation which were inserted in the prostate
gland. Based on the above data, Thus, the requirement of gold marker matching system depending on the
daily variation in the proton beam therapy for which more accurate establishment of target was confirmed. It
is assumed that an accurate effect of proton beam therapy would be enhanced by adjusting the target—center
depending on the location change of prostate gland using DIPS which was used in the current study.
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INTRODUCTION of prostate cancer has been lower in Korea than western
countries. In recent years, however, its incidence is gradually
Currently in western countries, the most prevalent cancer increasing because of westernized eating habits and prolonged
that occurs in men is prostate cancer. To date, the incidence life span. With the early diagnosis of prostate cancer based on

the interest in it, the number of patients with prostate cancer
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Korea, however, with the introduction of proton therapy
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equipment, the interest in proton beam therapy has been
increasing. In all the radiotherapies, it is essential to minimize
the movement of treatment area.’ Particularly in proton
beam therapy where Bragg-Peak is present, efforts must be
made to minimize the errors due to the status of rectum and
urinary bladder and those due to such factors as set-up.
Given this background, prior to the treatment, we adjusted
the movement of prostate using DIPS based on three refer-
ence fiducial gold markers so that the change of prostate lo-
cation may be monitored during the treatment.” Thus, we at-
tempted to examine the proton beam therapy in a more accu-

rate, efficient manner.

MATERIALS AND METHODS
1. CT-simulation & Pre-treatment

Of 20 patients with prostate cancer who received proton

beam therapy at our hospital between April and September of

Fig. 1. Gold marker: Three fiducial gold markers were inserted
to the site of prostate tumor under ultrasonographic guidance.

2008, ten were enrolled in the current study. Prior to proton
beam therapy, to mark the location of tumor in a more accu-
rate manner, three fiducial gold markers were inserted to the
site of prostate tumor under the ultrasonographic guidance
(Fig. 1). Prior to CT-Simulation, to minimize the movement
of prostate gland, the pre-treatment was done. For the pre-
treatments, patients were recommended to urinate and evac-
uate one hour prior to CT-Simulation and to intake a 300 cc
of water. Prior to CT-Simulation, the final pre-treatments in-
clude a rectal balloon and this was followed by CT-
Simulation. At this time, a rectal balloon was performed using
a 100 cc of saline. A set-up position of patients was estab-

lished with a dual leg in a supine position (Fig. 2).

Fig. 2. The patient's set-up position & acquire the DIPS image:
The position established with a dual leg in a supine position.
Images which were taken using DIPS on the posterior-anterior
and lateral side.

Fig. 3. The PA (posterior-anterior) image in DIPS.
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Fig. 4. The lateral image in DIPS.

Fig. 5. The measurements for the change of prostate location:
According to a reference bony marker, the changes of location
of fiducial gold marker were monitored and then recorded based
on three coordinates.

2. Position Correction & Proton Therapy

In the same posture that was first used to perform a CT-
Simulation during the treatment, a set-up position of patients
was established. Then, in the same method, a rectal balloon
was performed. To make sure that the posture of patients and
the location of fiducial gold marker which was inserted in the
prostate gland is always consistent with the posture and loca-
tion which were used for a CT-Simulation prior to the treat-
ment, DIPS was used. Images which were taken using DIPS
on the posterior-anterior and lateral side of patients were
compared with those using a plain radiography (Fig. 3, 4).
Then, according to a reference bony marker, the changes of

the location of fiducial gold marker were monitored and then
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Fig. 6. The table showed a difference in the changes of location
of prostate gland in ten patients.

recorded based on three coordinates (X, Y, Z) (Fig. 5). Then,
the measurements for the change of location were entered in-
to DIPS when each patient was treated. Thus, the prostate of

patients was adjusted and the treatment was performed.

RESULTS

With the use of a CT-simulation, images which were taken
using a plain radiography were compared with those which
were taken using DIPS following a pre-treatment set-up. In
ten patients, according to a reference bony marker, the mean
changes of the location of fiducial gold marker based on an
iso-center were X-axis: +0.116 cm, Y-axis: £0.19 c¢cm and

Z-axis: £0.176 cm. These ten patients showed a difference in
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the changes of location of prostate gland and it ranged be-
tween RT: 0.04 cm and RT: 0.24 cm on the X-axis; between
Inf: 0.03 cm and Sup: 0.42 cm on the Y-axis; and Post: 0.05
cm and Ant: 0.35 cm on the Z-axis (Fig. 6).

DISCUSSION AND CONCLUSION

Unlike the conventional photon therapy, proton beam ther-
apy is advantageous in more protecting normal tissue with the
use of Brag-peak and performing a more accurate treatment
for malignant tumor. The objectives of the current study lie
in adjusting the location change of moving prostate gland for
every treatment and thereby enhancing the effectiveness of
proton beam therapy. To minimize the movement of prostate
gland, as the pre-treatment prior to the treatment, patients
were recommended to urinate and evacuate, to intake a cer-
tain amount (300 cc) of water on a daily basis and to under-
go a rectal balloon with the use of a 100 cc of saline. In all
the patients, however, three fiducial gold markers showed a
daily variation which were inserted in the prostate gland. As
compared with Radio-Therapy, proton beam therapy, a high-
energy treatment, requires more accurate establishment of
target.Z) Thus, the requirement of gold marker matching sys-
tem depending on the daily variation in the proton beam
therapy was confirmed.

It is assumed that an accurate effect of proton beam ther-
apy would be enhanced by adjusting the target-center depend-
ing on the location change of prostate gland using DIPS

which was used in the current study.
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Abstract
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