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This study aims to analyze dose distribution and treatment time of endobronchial brachytherapy
(EBBT) by changing the position step size of the dwell position. A solid water phantom and an
intraluminal catheter were used in the treatment plan. The treatment plans were generated for 3,
5, 7, and 10 cm treatment lengths, respectively. For each treatment length, the source position
step sizes were set as 2.5, 5, and 10 mm. Three reference points were set 1 cm away from the
central axis of the catheter, along the axis, for uniform dose distribution. Volumetric dose
distribution was calculated to evaluate the dosimetric effect. The total radiation delivery time and
total dwell time were estimated for treatment efficiency, which were increased with position step
sizes. At half-life time, the differences between the position step sizes in the total radiation
delivery time were 18.1, 15.4, 18.0, and 24.0 s for 3, 5, 7, and 10 cm treatment lengths,
respectively. The dose distributions were more homogenous by increasing the position step sizes.
The dose difference of the reference point was less than 10%. In brachytherapy, this difference
can be negligible. For EBBT, the treatment time is the key factor while considering the patient
status. To reduce the total treatment time, EBBT can be performed with 2.5 mm position step size.
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Introduction

Extrapulmonary malignancies originate from primary
or recurrent lung cancer and lung metastases from
other primary sites such as colon, breast, and renal cell
carcinomas."” Metastatic lesions are mainly localized in the
lung parenchyma, and in rare case, in the tracheobronchial
tree.” Most lung patients have airway obstruction due
to the tumor.” Symptoms such as cough, dyspnea, and
hemoptysis are generally reported in these patient.”
Cryotherapy, laser therapy, photodynamic therapy, and

endobronchial stent insertion are considered as curative

and palliative treatments for such patients.®” However,
these treatments can only achieve limited clearance and
short-term palliation.” External beam radiotherapy (EBRT)
also effectively improves these symptoms.” A patient
treated by the EBRT has high probability of side effects such
as esophagitis and pneumonitis upon re-irradiation."**'”
Endobronchial brachytherapy (EBBT) has been known
to increase the efficiency of the control of malignant
airway obstruction and the duration of palliation using
flexible fiber-optic bronchoscopy and high-dose-rate
(HDR) afterloading brachytherapy.*'” The advantage of

brachytherapy is that it allows safe delivery of a tumoricidal
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radiation dose while avoiding radiation injury to the
surrounding normal issues.'” Additionally, the EBBT is
capable of relieving debilitating symptoms such as dyspnea
and hemoptysis.” Therefore, the quality of life of patients
suffering from airway obstruction can be improved by
successful palliative treatment."”

Most patients treated by the EBBT undergo palliative
treatment and their medical status is serious or critical.”
Moreover, in most case, the EBBT is performed under
full sedation.” The duration of sedation is only 10 min;
therefore, the total treatment time should be minimized
while maintaining the prescribed dose distributions.”"”
In practice, the treatment plan is generated beforehand for
various treatment lengths; the dwell time is determined
according to the prescribed dose and half-life of source.'”
The dose distribution is determined by the dwell position
and the treatment time. The number of dwell position can
affect to treatment time.'” In addition, the dwell position
can be changed by the source position step size. Therefore,
the treatment time can be reduced by changing the
source step size. Unfortunately, no report in literature has
analyzed the optimization of the dwell position, treatment
time, and dose distribution for various treatment lengths
and prescription doses.'”

In this study, we analyzed the dose distribution and
treatment time by changing the step size of the dwell
position for various treatment length. We determined the
position step size to optimize the treatment time and dose

distribution.

Materials and Methods

Treatment planning was performed using the Oncentra
Brachytherapy treatment planning system (TPS) V. 4.3
(Nucletron B.V., Veenendaal, Netherlands) with "*’Ir
(mHDR-v2r) source. The source was controlled by the
HDR unit (MicroSelectron v3, Nucletron BV, Veenendaal,
Netherlands). At the time of planning, air kerma strength
was 3.142543 and the apparent source activity was 7.70 for
"’Ir source. The interval between the calibration time and
the treatment planning time was 47.21 days, and the decay
factor was calculated as 0.642.

Lumencath® intraluminal catheter (Nucletron B.V,,

Veenendaal, Netherlands) was used for intraluminal
brachytherapy. The catheter size was 6-French and the
length was 150 cm. This catheter, with other dummy
catheters, was placed on a solid water phantom for
treatment planning. Two images—A-P and lateral
direction—were obtained with scaler by C-arm (Ziehm
Exposcope Plus C-Arm, Ziehm Imaging, Nevada, USA).
These dummy catheters were used to indicate potential
source positions within the phantom during the treatment
planning. The possible dwell positions were determined
for four treatment lengths (3, 5, 7, and 10 cm). The
prescription dose was 7 Gy per fraction. Three reference
points were defined to describe the prescription points.
Points 1 and 3 were defined at positions 1 cm lateral to the
center from the central axis of the catheters—1 cm below
the start of the catheter tip and 1 cm above the end of the
catheter tip, respectively. Point 2 was placed 1 cm away
from the central axis of the catheters, from the middle point
of the catheter length. The dose calculation was performed
based on the AAPM TG-43 parameter.'"” The source
position step were selected as 2.5, 5, and 10 mm for each
treatment length. The dwell time, position, and the total
treatment time were extracted from the plan parameter
report. The total radiation delivery time, which included
the source movement time for positioning, was recorded
from the treatment console system. The treatment time
and delivery time at planning time was corrected to time at
calibration date and half-life (73.38 days) in consideration
of radioactive decay.

To obtain two-dimensional dose distribution, volumetric
dose calculation was performed. Then, the dose plane, which

included the central axis of the catheters, was obtained.

Results

The total dwell time, dwell time per position, and the
number of active positions are shown in Table 1 for each
position step of the treatment length. The total dwell time
during treatment planning was calculated by the product
of the dwell time per position and the number of active
positions. The total dwell time increased with increase in
the position step size. When the position step was doubled,

the dwell time per position was reduced to approximately
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half and the number of active positions was reduced to
exactly half, excluding the end position, i.e., the zero source
position). In case of a change in the position step size from
2.5 to 10 mm, the total dwell times increased 12.5%, 7.3%,
5.4%, and 2.4% for 3, 5, 7, and 10 cm treatment lengths,
respectively. The total dwell time differences at calibration
date, i.e., maximum activity, were 9.6, 8.1, 7.8, and 4.7 s
for 3, 5, 7, and 10 cm treatment lengths, respectively. After
half-life, the time differences were double.

Table 2 shows the radiation delivery time and secondary
time recoded on the treatment control system. The

radiation delivery time is the total irradiation time

treatment time and twice the transfer time. The radiation
delivery time is longer than the total dwell time and can
evaluate the actual patient treatment time in the treatment
room. The average differences between the radiation
delivery time and the total dwell time were 2.2+0.3, 3.7+0.4,
4.1+0.8, and 9.6+4.6 s for 3, 5, 7, and 10 cm treatment
lengths, respectively. For 3 cm and 5 cm treatment lengths,
the differences decreased with increase in the position
step size. However, for 7 cm and 10 cm treatment lengths,
the differences increased with increasing position step
size. The maximum difference was 15.5 s for the 10 cm

treatment length, with 10 mm position step.

including source transit time (i.e. source movement time) Table 3 shows the doses of the three reference points.

at treatment. The secondary time is the sum of the total The doses at Points 1 and 3 were almost the same. The

Table 1. Dwell time and the number of active positions for various treatment lengths and position steps.

Treatment Source position Total dwell time (sec) Dwell time per  Number of active
length (cm) step (mm) Planning Calibration Half life position (s) positions
3 2.5 118.3 75.9 151.8 9.1 13
5 123.9 79.5 159.0 17.7 7
10 133.2 85.5 171.0 33.3
5 2.5 172.2 110.5 221.1 8.2 21
5 176 112.9 225.9 16.0 11
10 184.8 118.6 237.2 30.8 6
7 2.5 226.2 145.2 290.4 7.8 29
5 231 148.2 296.5 15.4 15
10 238.4 153.0 306.1 29.8 8
10 2.5 311.6 200.0 400.0 7.6 41
5 315 202.2 404.4 15.0 21
10 319 204.7 409.5 29.0 11

Table 2. Radiation delivery time and secondary time recoded on the treatment control system for various treatment lengths and position
steps.

Treatment Source position Radiation time (s) Secondary
length (cm) step (mm) Planning Calibration Half life time (s)
3 2.5 120.9 77.6 155.2 131.4
5 126.0 80.9 161.8 136.4
10 135.0 86.7 173.3 141.6
5 2.5 176.4 113.2 226.5 186.8
5 179.3 115.1 230.2 189.7
10 188.4 121.0 241.9 198.8
7 2.5 229.2 147.1 294.3 239.4
5 235.5 151.2 302.4 245.8
10 243.2 156.1 312.3 253.5
10 2.5 315.8 202.7 405.5 326
5 324.1 208.1 416.1 331.6
10 334.5 214.7 429.5 334.8
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average difference was 0.2. The ratio of the dose at Point
1 to that at Point 2 increased with increase in the position
step size. When the source position step increased from 2.5
mm to 10 mm, the ratio increased by 5%.

The dose distribution on the TPS are shown in Fig. 1.
The 100% isodose line covered the points at distances 3.7,
4.7, and 5.7 mm from the end tip (i.e., end dwell position)
along the center axis of the catheter for 2.5, 5, and 10 mm

source steps with all treatment lengths, respectively.

Discussion

The total dwell time increased with position step size
for all treatment lengths. When the position step size was
increased, the number of active positions decreased for
each treatment length. The dwell time per position was
increased to deliver the prescribed dose to the reference
points. However, the increase rate of the dwell time per
position was less than the reduction rate of the number
of active positions. The total dwell time is defined as the
product of the dwell time per position and the number of
active positions; therefore, the total dwell time increased
with increasing position step size.

The total treatment time is determined by the radiation
delivery time and not the total dwell time. The average
differences between the radiation delivery time and
the total dwell time were increased in keeping with the
treatment lengths. However, the differences between the

Table 3. Doses at three reference points for various treatment
lengths and position steps.

Treatment Source position Reference point dose

length (cm)  step(mm)  point1  Point2  Point3

3 2.5 98.91 102.15 98.93

5 99.11 101.76 99.13

10 99.72 100.54 99.74

5 2.5 96.49 106.95 96.56

5 97.02 105.88 97.09

10 98.15 103.62 98.22

7 2.5 95.14 109.61 95.25

5 95.81 108.28 95.91

10 97.16 105.58 97.26

10 2.5 94.06 111.73 94.21

5 94.80 110.25 94.94

10 96.02 107.83 96.15

radiation delivery time and the total dwell time show
different tendencies with the source position step for the
treatment length. For 3 cm and 5 cm treatment lengths, the
differences decreased with decreasing source position step.
However, the differences showed the opposite tendency for
7 cm and 10 cm treatment lengths.

The total travel time between the neighboring dwell
positions increased with increasing position step size,

because the traveling distance was increased. However, the

Dose (%)
150.00
125.00
100.00

75.00
50.00

Scale

Fig. 1. Dose distribution in coronal view for each position step
size and treatment length. (a-1): Position step size=2.5 mm,
treatment length=3 cm; (a-2): position step size=5 mm, treatment
length=3 cm; (a-3): position step size=10 mm, treatment length=3
cm; (b-1): position step size=2.5 mm, treatment length=5 cm;
(b-2): position step size=5 mm, treatment length=5 cm; (b-
3): position step size=10 mm, treatment length=5 cm; (c-
1): position step size=2.5 mm, treatment length=7 cm; (c-2):
position step size=5 mm, treatment length=7 cm; (c-3): position
step size=10 mm, treatment length=7 cm; (d-1): position step
size=2.5 mm, treatment length=10 cm; (d-2): position step size=5
mm, treatment length=10 cm; (d-3): position step size=10 mm,
treatment length=10 cm.
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source movement velocity was not constant. The maximum
and minimum velocities of the source were known
to be 52.0 and 17.3 cm/s, respectively'” Furthermore,
acceleration also changed.”” Therefore, the average
differences between the radiation delivery time and the
total dwell time for each treatment length have no trend
for position step size. In case of long treatment lengths
(over 7 cm), the difference of the number of dwell position
between the source position steps was >20. The travel time
for each neighboring dwell position was relatively longer.
The differences showed a significant increase for long
treatment lengths.

The doses at Points 1 and 3 were almost the same because
the relative locations of Points 1 and 3 were set to be the same.
The dose difference between Points 1 and 3 was reduced
consistently with increase in the step size for the same
treatment length, but increased with increasing treatment
length for the same step size. The dose distribution was
more homogeneous for short treatment lengths and long
position steps; however, it was not significant. Particularly,
differences less than 10% could be ignored in the HDR
treatment due to high dose gradient. The dose distribution
could be changed over 20% per mm near the source.
Usually, EBBT is a palliative treatment; therefore, the dose
difference can be ignored.

In case of EBB treatment, the location of the catheter is
important. When the catheter is located along the airway,
the tumor is distributed in the bronchus. The physician can
determine the catheter position where source was started
using endoscopy and AP image of C-arm. At this time, the
dose margin should be considered to cover the tumor.
The real treatment length can be extended along the axial

direction up to the dose margin distance.

Conclusion

A treatment plan was generated for EBBT for various
treatment lengths. This procedure can reduce the total
treatment time by skipping the treatment planning stage.
The total treatment time is very important because most
patients are under sedation or anesthesia during the
treatment. The total dwell time and the radiation delivery

time were calculated by changing the source position

step size for various treatment lengths, and the dose
distribution was also evaluated. For all treatment lengths,
the total treatment time was shortest for 2.5 mm source
position step size; the dose distribution was found to be
more homogenous with 10 mm source position step size.
The treatment time was more important factor than dose
homogeneity. Therefore, we concluded that the 2.5-mm

position step was most suitable for EBBT.
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