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The effect of contrast agents on dose
calculation in conformal radiotherapy planning

using computed tomography for tumors at different anatomical regions

S. Yabsantia ', P. Tangboonduangjit ', C. Tannanonta *
'Medical Physics School, Department of Radiology,

Faculty of Medicine, Ramathibodi Hospital, Mahidol University.
*Department of Radiation Oncology, Chulabhorn hospital.

Abstract

he purpose of this study was to evaluate the effect of contrast agents on dose calculation in
T3-Dimensiona| Conformal Radiotherapy (3D-CRT) for brain, thorax and upper abdomen region in
Ramathibodi hospital. Five, six and four cancer patients for brain, thorax and upper abdomen region
respectively were studied for retrospective study. Each patient took two sets of CT images in the same
position before and after IV contrast agent injection. To avoid the movement artifact, the CT images of
thorax and upper abdomen regions of without-contrast agent were imitated by overriding the density to
the organs or regions using the density obtained from the original without-contrast agent CT images. The
approved plan by a radiation oncologist was copied to both with- and without-contrast agent CT images.
Both of the plans used the same monitor unit. The doses calculated from two plans were compared with
regard to tumor volume and organs at risk volume. The paired sample t-test and gamma evaluation were
used to evaluate the differences in dose distributions between two plans. The results of doses of tumor
volume and organs at risk volume were not significantly different between with - and without-contrast
agent CT images for brain, thorax and upper abdomen region (p > 0.05), except heart organ in thorax
region (p < 0.05) but the dose differences were less than 1% compared to dose calculated from
without-contrast agent CT images. The number of passed pixel was more than 95% and the gamma
value was less than 0.5 for dose distributions compared between two sets of CT images. As a result,
using contrast agent at the time of CT simulation dose not significantly affect on dose calculation in

3D-CRT.

Keywords : Conformal radiotherapy, Contrast agent, Treatment planning, Dose calculation
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I. INTRODUCTION

Computed tomography (CT) images are primary
images for radiotherapy treatment planning
because they provide axial images for internal organ
information, high image resolution and CT number
for being converted to electron density in dose
calculation. CT number is very useful for tissue
inhomogeneity correction that provides more
accurate dose calculation for 3D treatment
planning. In 3D treatment planning, using contrast
agent during CT scanning improves the accuracy
of tumor volume and organs at risk delineation.
However for dose calculation, contrast agent will
increase x-ray attenuation and mean CT number
value to higher electron density tissue. During
treatment delivery, contrast agent is not used.
Therefore, it causes error of the dose to be irradiated
in a patient.

Previous study using phantom showed that
contrast agent do effect on dose calculation when
used at high concentration and enlarge region (1).
But in clinical studies on brain, head and neck,
thorax, upper abdomen, pelvis and bladder
presented that contrast agent do a little effect on
treatment planning because concentration of
contrast agent in tissues not too high (2-8).
However, those studies are different in many factors
such as type of contrast agent, CT simulator, and
treatment planning algorithm so their conclusion
might not be acceptable for our study.

Therefore, the purpose of this study was to
compare mean dose and dose distribution between
with- and without-contrast agent in 3-Dimensional
Conformal Radiotherapy (3D-CRT) for tumor at
brain, thorax and upper abdomen regions treated

in Ramathibodi hospital.

f L8033 91sASANALSLASNYLE:L:5UINELUS:INATNg
2 on 16 adun 2 nsnniAu - SUIIAU 2553

II. MATERAIALS AND METHODS

Five, six and four cancer patients for brain,
thorax and upper abdomen regions respectively
were selected from cancer patients that treated by
3D-CRT, and each patient had to take two sets of
CT images in the same position before and after IV
contrast agent injection by using CT simulator
(Philips, MX 8000 IDT). For with-contrast agent, 50
mL volume of contrast agent (Ultravist 300 mgl/mL)
for the brain and 100 mL for another regions was
injected at 2.5 rate of injection and starting scan
was done with delay time after threshold level (150
HU) at 25 seconds for brain and thorax and 45
seconds for upper abdomen.

Treatment plans approved by a radiation
oncologist for 3D conformal technique using
Pinnacle3” RTPS, version 7.6C were used in this
study. Brain region is the stable anatomical region
so the original two sets of CT images (without- and
with contrast agent) were used. But thorax and
upper abdomen have a problem of internal organ
movement due to respiration, so simulating one set
of CT images from another set was obtained to
eliminate confounding factor such as SSD and
patient deformation. In this study, without-contrast
agent of thorax and upper abdomen CT images
was imitated by overriding the density to the organs
or regions using the density obtained from the
original without-contrast agent CT images. In order
to simulate without contrast agent for thorax and
upper abdomen region, density of contrast agent
in the regions that uptake contrast agent were
overridden by using the density that measured from
without contrast agent CT image at the same
regions. The first treatment plan for without-contrast
agent was performed using the approved plan, and

then dose was calculated. A second plan was done



for with- contrast agent in the same plan and same
monitor units for individual beam and dose was
calculated again.

For data analysis, the dose calculated from two
plans was compared with regard to tumor volume
and organs at risk volume by paired sample t-test
and gamma evaluation. They were used to evaluate
the differences in dose distribution between two
plans. The criterion of 3% of maximum dose
difference and 3 mm distance to agreement were

applied to generate the gamma map (9, 10).

III. RESULTS AND DISCUSSION

The comparison of 3D-CRT dose calculation
from with and without contrast agents by using
percentage of dose difference and paired sample
t-test for brain, chest and upper abdomen regions
are shown in table 1, 2 and 3, respectively.

From table 1, the percentage of dose difference
for tumor volume, left eye, left optic, right eye, right
optic, optic chiasm and brain stem are 0% (0.8033) -
0.06% (0.3046),-0.13 (0.3399), 0% (0.6657), 0%
(0.7040),-0.05% (0.3046) and 0.02% (0.2522),

respectively. All results show no difference between

with - and without-contrast agent CT images
treatment plan, significantly.

From table 2, the percentage of dose difference
for tumor volume, spinal cord, left lung, right lung
and heart are -0.68% (0.1015), -0.65% (0.0835),
-0.33% (0.0771) , -0.46% (0.2875) and -0.77%
(0.0366), respectively. The results show no signif-
cant difference between with- and without-contrast
agent CT images treatment plan for tumor volume,
spinal cord, left lung and right lung except heart.
Dose different at heart is different between two plans
because enhanced CT image has a lot of contrast
agent filled in heart with high concentration and
enlarge region, so density at heart volume between
with- and without-contrast agent CT images treatment
plan is more different than other organs.

From table 3, the percentage of dose difference
for tumor volume, spinal cord, liver, spleen and right
kidney are -0.34% (0.1323), 0% (0.2062), -0.74%
(0.2062), -0.50% (0.0742) and -0.51% (0.2465),
respectively. All results show no significantly
difference between with- and without-contrast agent

CT images treatment plan.

Table 1 Comparison of dose calculated from with- and without- contrast agent in 3D-CRT using the
percentage of dose difference and paired sample t-test for brain cancer patients (n = 5)

Mean normalized dose % SD (%) % dose difference p- value
Without contrast With contrast

Tumor volume 102.07£3.07 102.07+3-06 0.00 0.8033
Left eye 12.66+11.60 12.64+11.58 -0.16 0.3046
Left optic 31.97+34.60 31.93+34.53 -0.13 0.3399
Right eye 19.44+16.62 19.44+16.61 0.00 0.6657
Right optic 26.75+27.61 26.75+27.59 0.00 0.7040
Optic chiasm 60+35.62 59.97+35.61 -0.05 0.3046
Brain stem 43.68+41.03 43.69%41.05 0.02 0.2522
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Table 2 Comparison of dose calculated from with- and without-contrast agents CT images by 3D-CRT
using the percentage of dose difference and paired sample t-test for thorax cancer patients (n = 6)

Mean normalized dose = SD (%) % dose difference p- value
Without contrast With contrast
Tumor volume 103.14+4.75 102.44+3.97 -0.68 0.1015
Spinal cord 36.71+5.2 36.47+5.37 -0.65 0.0835
Left lung 17.93+8.21 17.87+8.18 -0.33 0.0771
Right lung 46.15+22.22 45.94+22.03 -0.46 0.2875
Heart 42.92+16.53 42.59+16.65 -0.77 0.0366

Table 3 Comparison of dose calculated from with- and without-contrast agents CT images by 3D-CRT

using the percentage of dose difference and paired sample t-test for upper abdomen
cancer patients (n =4)

Mean normalized dose = SD (%) % dose difference p- value
Without contrast With contrast
Tumor volume 99.96+0.44 99.62+0.36 -0.34 0.1323
Spinal cord 44.98+30.25 44.98+30.18 0.00 0.2062
Liver 24.41+£30.27 24.23+30.01 -0.74 0.2602
Spleen 17.84+11.26 17.75£11.20 -0.50 0.0742
Right kidney 19.7+30.93 19.6+30.8 -0.51 0.2465
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Figure 1 Histogram of the percentage of passed pixels of the dose distributions for brain, thorax,

and upper abdomen regions.

Histogram in figure 1 shows the summary
results from gamma evaluation for three parts of
cancer patients. They all show good agreement
which means the number of pixel passed more than
95%. In brain region, it shows the poorest results
when compared with other regions because brain
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region used the original without- contrastagent CT
images while others used the simulated without-
contrast agent CT images. The advantage of using
simulated CT images is to eliminate confounding
factors such as patient deformation and source to
skin distance variation. Therefore thorax and upper



abdomen regions give good results more than brain
region.

The results shown are not significantly different
between with- and without-CT contrast agent plans.
The benefits of using with-contrast agent CT
images in dose calculation are, first reducing time
in process of registration and image-fusion between
with- and without-contrast agent CT images. And
secondly, reducing space to store sets of images
in treatment planning. That might not support
several sets of images.

Shibamoto et al (6) showed a difference between
with- and without- contrast agent plan in upper
abdomen which differs from this study. Because

two original CT image sets (with- and without-
contrast agent) were used as a result, SSD or patient
deformation were different between two image sets.
However our two CT image sets had the same
condition using overriding density technique to
eliminate the confounding factors. Therefore there
is only one factor that affects in our results, contrast
agent.

IV. CONCLUSIONS

Using contrast agent at the time of CT simulation
dose not significantly affect on dose calculation in
3D- CRT for tumors at the brain, thorax, and upper
abdomen regions.
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Abstract

Introduction: The Varian 23EX Clinac at Siriraj Hospital is a linear accelerator with integrated On-Board
Imager (OBI) system capable of producing cone beam computed tomography (CBCT) images of the
patient in the treatment position. The increased use of CBCT for patient setup may significantly increase

the dose to the patient’s normal tissues.

Objective: To investigate the skin and organ dose from the CBCT system from the clinical protocol

setup, with fixed technical setting for head and neck and pelvic scans.

Materials and Methods: CBCT scans were acquired in full-fan and half-fan mode with full and half bowtie
filters for head and pelvic area, respectively. The technical setting of 100 kV, 20 mA and 20 ms for head
region and 125 kV, 80 mA and 13 ms for pelvic were used. TLDs-100H were used for Rando phantom
skin dose measurement at the point of interest for head and neck and pelvic area. Organ doses were

also measured inside Rando phantom.

Results: For head and neck CBCT, The lateral surface dose was higher than anterior ( include critical
organ such as eyes, lip, chin and neck). The peripheral organ dose at Lt. lat area dose (0.28 cGy) was
less than central dose ( 0.4 cGy), but Right lateral area such as temporal and parotid was about the
same as the central dose (brainstem). For pelvic CBCT, The lateral surface dose was not symmetrical,
with Left lateral side being ~ 20% higher than Rt. Lat. The anterior (AP) surface dose was higher than
lateral especially at the pubic area (5.2 cGy). The dose at bladder, rectum and bowl! were about the

same as the central dose (~ 3 cGy). The highest dose was in the left hip joint region up to 7 cGy.

Conclusions: The use of CBCT for treatment verification provided a high dose to the patient. It is
important to consider about the optimal protocol and amount of times to verify the patient position to

keep additional doses as low as reasonably practicable.
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Introduction

The introduction of advances in radiation
treatment delivery, such as intensity-modulated
radiation therapy (IMRT), has allowed to deliver
large doses of radiation to a treatment volume with
a high degree of conformity and reduce normal
tissue dose. However, patient setup error and in-
ternal organ motion during treatment may alter the
planned dose distribution and the delivered dose
distribution. Therefore, it important that patient
setup verification is properly monitored and
ensured.

The recent incorporation of sophisticated
imaging technology into the treatment delivery unit
has enabled an increase in the precision of daily
patient setup and prompted the implementation of
image-guided radiation therapy (IGRT).

The need to accurately position the patient has
led to the development and use of gantry mounted
kilovoltage cone beam computed tomography
(CBCT) systems.(1,2) While CBCT is a very useful
tool for ensuring that a patient is properly aligned
prior to treatment, daily or weekly use in a high
fraction therapy regimen will resultin an associated
imaging radiation dose. However, CBCT just as a
diagnostic CT scanner, uses kilovoltage x-ray
transmission principle for image generation. (10)
Because the imaging is performed with ionizing
radiation, it becomes natural to be concerned with
the quantity of dose deposition in the patients. (3-5)
For this reason, the estimation of the total imaging
dose delivered to the patient during the complete
treatment process is very important because the

dose measurement data should allow clinician to

make reasonably informed judgments about their
image-guidance procedures. Several authors have
performed dose measurements in cylindrical
acrylic phantoms, reporting measured doses a
single scan.(3-7) And also several other authors
have performed dose measurements within
commercially available anthropomorphic phantoms
for more accurately quantify patient dose .(3,8-9 )
However, recent studies have indicated that daily
imaging procedures, such as CBCT, can potentially
add significant radiation dose to patients

The objective of this work is to measure
additional imaging dose to patient on head and
pelvic regions with fixed technical and collimator
setting. from a Varian’s kV CBCT (Varian Medical
System, Palo Alto, CA, USA) scan procedure. Our
study, we measured phantom surface dose and
organ dose using thermoluminescent dosimeters
(TLD)

Materials and Methods

1. On-Board Imager System

In this study cone-beam CT images were
obtained using an On-Board Imager (OBI) system
that was retrofitted on a Varian 23 EX Clinac (Varian
Medical Systems, Palo Alto, CA, USA). The OBI
system consists of a kV X-ray source (KVS) and
flat-panel detector (KVD) mounted to the gantry by
two robotic arms (ExactArms ™) with a fixed source
to isocenter distance of 100 cm and sharing a
common axis of rotation with the MV treatment
beam. This system offers two different collimators
and kV filter combinations which are able based on

the desired volume to be scanned : full- and half-fan
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as shown in Fig 1. In the full-fan mode, a full bow-tie
filter is used and the collimation is automatically
adjusted by a set of dynamic jaws mounted to the
X-ray source. In our study, a “half-fan” acquisition
mode was used to image the pelvis phantom, while
full-fan scan was used for head and neck imaging
due to its smaller FOV. Use of the bowtie filter
reduces patient dose, and reduces x-ray scatter

thus improving image quality

=

-

=

j

-

(a)

Fig.1  OBI cone beam CT acquisition mode
(a) Full fan mode with full bow-tie filter,
the KVD is centered with x-ray axis
(b) Half-fan mode with half bowtie filter,
imaging panel shifted, 45 cm FOV.

2. The measurement of X-ray beam quality

As TG61 protocol 12 recommended, the beam
qualities were characterized by measuring the first
half-value layers (HVL) of aluminum (Al) at central
axis in narrow beam geometry. The measurements
were performed by using the radiographic mode of
OBI system with a technical setting of 100 kV, 20
mA and 160 ms with full bowties and 125 kV, 80 mA
and 160 ms with half bowties for head and neck
and pelvic region, respectively. The Al attenuator
was placed 50 cm away from RadCal ionization
chamber ( Radcal Corp., Monrovia, CA, USA ) and
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the x-ray collimators were set as 2 cm x 2 cm to

make a narrow beam measurement.

3. TLD calibration

In our study, LiF TLD-100H rods (Harshaw,
Erlangen, Germany) were used for measurement.
They were calibrated with a 6 cc ionization chamber
(Radcal model 9660 ion chamber digitizer) and a
Radcal Accu Pro™ (model 9096) dose meter under
the OBI's radiographic mode using 100 kVp with
full bow-tie filter and 125 kVp with half bow-tie
filter.

200 rods of LiF TLD-100H were annealed at
240 °C for 10 minutes 3 times to eliminate the
residual signals and were read background TL
signal. TLDs were divided into two groups.

First 100 TLDs were put on acrylic plate and
were exposed from x-ray system with 100 kVp, 20
mA and 20 ms at 100 cm SSD for head region. The
second 100 TLDs were exposed with 125 kVp, 80
mA and 13 ms x-rays at 100 cm SSD for pelvis
regions. All TL signals were read and recorded.
This process repeated for three times. The correction
factor for sensitivity of each TLD group was
calculated by following equation

Correction factor for sensitivity = X/ Xi
Where X is average TL signal of all TLDs and Xi is
average TL signal of TLDs in the i" group.

A Radcal chamber was used to measure the
absorbed dose in air with 100 kV, 20 mA and 20
ms and 125 kV, 80 mA and 13 ms for full-fan bowtie
and half-fan bowtie, respectively. The measured air
kerma was converted to absorbed dose according

to the equation (1).



Absorbed dose (MGy)
= Reading. Na. kQ. kT,p' F (1)
Where Q is the user’s energy measured in terms of
HVL;
N is an exposure calibration factor;

a

. is a correction factor for radiation quality;

. is a correction factor for temperature and
pressure;
F is a conversion factor used to convert
exposure to absorbed dose
(0.00876 mGy/mR)
TLDs were loaded on acrylic plate and were
calibrated with the same condition as the
measurement of absorbed doses in air using

ionization chamber.

4. The skin dose measurement

The measurement of skin dose was assessed
by using TLD-100H. For head and neck region of
a male anthropomorphic phantom (the Rando
phantom, The Phantom Laboratory, Salem, NY).
TLDs were places on the laser setting points in AP,
left lateral (Lt. Lat) and right lateral (Rt. Lat), and
some critical organs such as right and left eyes,
right and left cheek, lip, chin and neck. CBCT were
scan with 100 kV, 20 mA and 20 ms and acquired
in full-fan with full bowtie for standard head protocol.
Three measurements were made for each set up
for improved dose statistics. For pelvis region, TLD
capsules were placed on the Rando phantom’s skin
at three laser setting points: AP, left lateral (Lt. Lat)
and right lateral (Rt. Lat), Pubic and posterior
(bottom). The technical setting of 125 kV, 80 mA
and 13 ms was used. CBCT scans were acquired

in half-fan with half bowtie for pelvis protocol. The

measurement points for both regions are shown

in Fig 2.

Fig 2. The measurements point of skin dose for head
and pelvis area using TLD 100H

The skin dose on phantom can be derived as :
Dskin = Avg RTLD-BG x calibration factor
X (b, /P 1) cGy (1)
Where Avg RTLD-BG is the average TLD
reading from skin dose measurement; BG is the
background reading of TLD and (pen P Zf“s'e) is
the ratio of mass energy absorption coefficient of

muscle to air (2).

5. The organ dose measurement

Organ doses were measured inside the Rando
phantom using TLDs. For head and neck, TLDs
were loaded at the position of organ of interest such
as right and left temporal, right and left parotid and
brain stem. A technical setting of 100 kV, 20 mA
and 20 ms was used. CBCT scans were acquired
in full-fan mode with full bowtie for standard head
protocol. For pelvis, TLDs were loaded at the position
of organ of interest such as rectum, bladder, right
and left femur and bowel. A technical setting of 125
kV, 80 mA and 13 ms was used. CBCT scans were

acquired in half-fan mode with half bowtie for pelvic
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protocol. Three TLDs per location and three
measurements were made for each set up for
improve dose statistics for both regions. Fig 3 shows
a picture of the Rando phantom and the positions

at which doses were measured for CBCT scanning

for both head and pelvis regions.

(a)

(b) ©

Fig 3. TLD 100H measured dose in mGy in the Rando phantom and the positions at which doses were easured
for CBCT scanning

(a) For head
(b) and (c) for pelvis regions.
The organ doses inside the Rando phantom can be derived similarly as for equation (1), but the

(uen/p) ratio was in muscle or bone:

e T Avg RTLD-BG x calibration factor x (u P ;r“s’e) cGy (2)
Dbone = Avg RTLD-BG x calibration factor x (u_ /P ") cGy (3)

Where (p_/p ;7,“5/8) is the ratio of mass energy absorption coefficient of bone to air

Results
The X-ray beam quality

The beam quality measurement for both
technical exposure settings were found that the
measured HVL for 100 kV, 20mA exposure setting
with full bowtie filter was found to be 2.7 mm Al and

determined with the corresponding TG61 parameter
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(M, P n;,u.,s/e = 1.0527) used for dose calculation.
And the quality of 125 kV, 80 mA with half bowtie
filter was 5.4 mm of HVL in Al correspond to

b /P =1.0657and /P = 3.8214

musle

air



The skin dose measurement

Table 1 shows the average skin dose on head
Rando phantom at anterior include central- axis and
critical organ such as eyes, lip, chin and neck and
right and left lateral. AP dose was lower than
lateral dose. Rt. lat dose was 0.51 cGy, which was
higher than Lt. lat dose of 0.39 cGy by about 30%.

Table 1 The skin dose for head Rando phantom

Point of Dose (cGy) CBCT 100
measurement kV, 20 mA, 20 ms

AP CR 0.033
Rt. Lat 0.510
Lt. Lat 0.390
Rt. Cheek 0.072
Lt. Cheek 0.061
Rt. Eye 0.054
Lt. Eye 0.048
Lip 0.049
Chin 0.050
Neck 0.079
Fore head 0.033

Table 2 shows the average skin dose on pelvis
Rando Phantom at AP and lateral area. The lateral
surface dose is not symmetrical, with Lt. lat being
~ 20% higher than Rt. Lat. AP surface dose was

higher than lateral especially at the pubic area.

Table 2 The skin dose for pelvis Rando phantom

Point of Dose (cGy) CBCT 125
measurement kV, 80 mA, 13 ms
AP 3.130-5.100(CR)
Pubic 5.210
Rt. Lat 2.350
Lt. Lat 2.830
Bottom 3.130

The organ dose measurement

Table 3 summarizes the average organ dose
measurements at different positions inside head
Rando phantom using TLDs. The peripheral organ
dose at Lt. lat area dose (0.28 cGy) was less than
central dose (0.4 cGy), but Rt. Lat area (temporal
and parotid) was about the same as the central

dose (brainstem).

Table 3 The organ dose for head Rando

phantom
Point of Dose (cGy) CBCT 100
measurement kV, 20 mA, 20 ms
Rt. Temporal 0.361
Lt. Temporal 0.286
Brainstem (CR) 0.396
Rt. Parotid 0.400
Lt. Parotid 0.282

Table 4 shows the average organ dose inside
pelvis Rando phantom. The dose at bladder, rectum
and bowl were about the same as the central dose
(~ 3 cGy). The highest dose was inside the left hip
jointregion up to 7 cGy while the right one received

6 cGy.

Table 4 The organ dose for pelvis Rando

phantom
Point of Dose (cGy) OBI 125 kV,
measurement 80 mA, 13 ms
Center 2.835
Rectum 3.150
Bladder 2.555
Rt. Femur 6.110
Lt. Femur 6.950
Bow! 2.730
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Discussions

For head CBCT, the Ant skin dose was less
than lateral dose. Because the head scan protocol
for full-fan mode is partial rotation scan. The KVS
rotated from 292° to 88°, image acquisition moves
from left to right lateral while rotating around the
posterior surface of the Rando phantom. The
Lateral skin dose from our measurement was
higher than the dose measured by Amer et al *
using X-ray volumetric images (XVI) system. From
that study, the surface dose (Ant), surface dose
(Lat) and eye dose were 0.13, 0.12 and 0.13 cGy,
respectively. Because of the total mAs used for XVI
system was less than Varian OBI. But the Ant skin
doses in the current study were clearly lower than
the data presented by Kan et al °. Because image
acquisition for OBI (old version) consisted of full
rotation scan and the previous protocols for the
OBl were all at a fixed tube voltage (125 kVp). While
the updated OBl head protocol utilizes tube voltage
100 kV and uses partial rotation scan (2000). All of
these changes result in lower patient doses. The
results of organ dose for head CBCT was confirm
that the dose of critical organ at lateral part higher
than anterior part. Due to KVS rotated from 292° to
88°, more side projection at right side than left side.
Therefore, the right lateral dose was higher than left
lateral dose by about 30%.

The pelvis CBCT were utilized a full rotation
scan, The lateral surface dose is not symmetrical,
with Lt. lat being ~ 20% higher than Rt. Lat. This
dose asymmetry was found because the KVS
always starts and ends at the left side. Gantry

rotation gets much slower near the end but dose
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rate stays constant and the effect is caused by a
small overscan5. The Ant. surface dose was higher
than lateral possible because more side projection
become incident rather than transmitted, which
offset the dose decrement from the larger anterior
SSD but for the Lt Lat and Rt Lat doses has little
change. The skin dose from our measurement was
agreement with Wen et al °, but higher than XVI

system **7

. The results of organ dose for pelvis
CBCT was confirm that the dose of critical organ at
Lt Lat higher Rt Lat. The left femoral bone received
the highest doses of 7 cGy. This results was

agreement with Wen et al.’s study °

Conclusion

The dose measurements have been made for
head and pelvic CBCT with fixed technical and
setting using TLDs. For one rotation CBCT scan of
head region, the lateral surface dose was higher
than anterior such as critical organ such as eyes,
lip, chin and neck. The peripheral organ dose at Lt.
lat area dose (0.28 cGy) was less than central dose
(0.4 cGy), but Rt. Lat area (temporal and parotid)
was about the same as the central dose (brainstem).
For pelvic CBCT, the lateral surface dose is not
symmetrical, with Lt. lat being ~ 20% higher than
Rt. Lat. AP surface dose was higher than lateral
especially at the pubic area (5.2 cGy). The dose at
bladder, rectum and bowel were about the same
as the central dose (~ 3 cGy). The highest dose
was inside the left hip joint region up to 7 cGy.

At Siriraj Hospital, CBCT images were used to
verify the patient positioning once a week. For 33

fractions of nasopharynx IMRT, CBCT were scanned



average seven times per course. The CBCT dose
delivered to head site can range from ~2.8 cGy to
central and peripheral dose and ~3.5 cGy to
lateral skin dose. For 39 fractions of prostate IMRT,
CBCT were scanned average eight times per
course. The CBCT dose delivered to pelvic site can

range from ~24 cGy to central and peripheral dose,

~41.6 cGy to anterior skin dose, and more than ~56
cGy to left hip joint region.

The total patient dose from CBCT was led to
amount of time to verify the patient positioning. It is
important to consider about the optimal protocol to
keep additional doses as low as reasonably

practicable.
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Acute toxicity of concurrent chemoradiation with weekly
cisplatin in cervical cancer patients
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ABSTRACT

Between January 2009 and August 2009, 19 consecutively previously untreated patients with invasive
cervical carcinoma had completed concurrent chemoradiation treatment at Ubonratchathani cancer
center. Clinical stage were IB2 : 2 [IA: 4 1IB : 10 llIB : 3 . A total of 83 cycles of cisplatin were administered
to the patients ,with a median of 4 cycles (range, 3 - 6 ). Severe hematological occurred in 3 patients (16%)
No severe gastrointestinal toxicity occurred, only grade 2 in 1 patients (5 %). The grades of hematological
and gastrointestinal toxicity were less than other studies. These results may be from lesser numbers of

patients given cisplatin 6 cycles or more.
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vikesszndlng Ae nutszanns 20.4 seuauaily
dszanawAndlull 2541-2543 @ dauludandna
gUATTENE WuHgURn1enitlszinm 22.3 slaudunn
Turlszanawend)elul w.a. 2544 @

Auduziie guasmantl nunziainungnain
Wudusuaassasanuzidusiug Aa wugiloeluy
281-288 1ei1/lull 2549 — 2550

nzdelnuagnluszey IB-IVA doulunjazsias
S doafadilunan (aniduussdusses 1B Al
YUNALANNGN 4 D) Tneinlinnesnmnilsznaudas
n13R1859AN"Euan (External radiation) wazn13Ld
I3 (Brachytherapy)

Fausit] 2545 AuduziguassaildEiling
Fnwngilasnziialnuagnaasfasnunsaniund
11117/ (concurrentchemoradiation) Lﬁﬂiﬁmﬂmﬁﬂﬁﬁ
AumunsAnemangeLaniaszme ¢

%mqu‘s:a\m’

ANEINITUNTNEBUANNNTFN BN TE IR
NAU (Acute complication) TuszuunnaiuaIung
wazszuulavmamenluszinansinening 14 cisplatin
ﬁﬂmﬁ@m%ﬂmwdNmmm%ﬁ?ﬂmmL?qﬂm

= L2 [~3 dl $ o o dl

Anmgaanzifalinuagnidaiuniesinen
AUTNZIS QUATITENT LABUN.A.DS 4.7 T W.A 2552

v A v o Y oo A o o

wnnziaenlafunisinunsaefduaziadiniing
k11 concurrent chemoradiation mmﬂﬂﬁﬁlm?
Snuunnou Tnaunndgiinisdnsnseauil

dulaaieunnaazrlifunisdnilscdfnarmnia
$19N18 I9NNIAIRaN1eTieslfiiRnIg iangaa
asudndNEiAnAaNHe (1191991 1 LAz 2) A
sialdil

nsmsaafiAmAataelussaznsuLa
FreLURILGA

CBC, BUN/Cr, LFT
IVP, Chest X-ray
Cystoscopy,

1. Routine lab
2. NN9ATAIANTIA
3. N19MFIAFRINADI
Proctoscope
4. m‘iﬁlmqguﬂ i Bone Scan, CT-Scan YEG
Ultrasound Wansauilugier

Juaannauazlafunislesifivscazisaniu
7¢U1 International Federation of Gynecology and
Obstetrics (FIGO)™”

npgn
M1519% 1 Inclusion criteria

1. Hnanensanendududndunziialinungn

2. ey IB2-IVA

3. ldmel@funissneunneu

4. ECOG performance status 0 to 2

5. WBC 4,000-12,000/mm3, hemoglobin>9.5 g/dl, platelets>100,000/mm3,serum total bilirubin<1.5 mg/dl SGOT,

21 18-70 1
7. dudlugugenlinisinem

SGPT<2xN(N:normal value), serum creatinine<1.5 mg/dl,creatinine clearance>50 ml/min, BUN<25 mg/dl
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197199 2 Exclusion criteria

1. WULﬂquLN?wUUﬂu?’JNW}H

waziwuipauax il
3. fUsySFui cisplatin

2. Nﬂ’]QVLLW?ﬂsﬁﬂu‘ﬂui‘QNﬂQﬂ i) mmmmmmimm’lwmmm g 3 meauwmummmmu‘iwmm

m'a%nuﬂaJ:L%\iuqnsmgnﬁw%ﬁﬁl.l.a:ma".lﬂﬂﬁm

1. NN9SNHIAQLTIR
] o v D A
wianNNsFnEN AR fadidu 2 srae Ae

2.1. psfnemaefadnisuen

(External radiation)

IfipFadieannIA Linac BMV a1eidrguaden:
lugeidansurianun(Whole pelvis) Uszanas 4,000
- 5,000 cGy Waanel Parametrium LA 400 - 1,400

X oo, .
cGy Auegiufilnaufazae

2.2. n131dus (Intracavitary brachytherapy)

14,A789 GammaMed Plus 1441 Ir-192 il vias
AuianasaulaeldipTesiia Manchester style
applicator set Ing/ld 2-3 A3Y

2. MEENEALLANLINGA
Tusendnaliinisviinisenessd fuaausazae
Yo A o o ' P A o o ag oy
azldFumdtninaauglidaalasadinianldae
Cisplatin 40mg/m* " ? Tnelsidtnnviazai
Tnanauldian cisplatin azli hydration gL
AauldaniReuiin 5-HT antagonist, dexamathasone
lugilan uaznasliianazli 1V fuid 8n 500 cc
' % a o o ] :l/ = A
nauldiadiniansazaTaazinismnalann
CBC ,platelet count BUN/Cr tiialssiliunadnaimen
annnainELaziatTns e Amunzansalyl

ANANAAANN
- nsdssiunozunandauannnieinen (Acute
effect) 1¥m1u The NCI Common Toxicity

Criteria "

m’;"mﬁ 3 Summary of acute toxicity grading according to CTC of NCI

Toxicity grading

Grade |

Grade 2

Grade 3

Grade 4

Gastrointestinal
Anorexia/nausea
Vomiting
Diarrhea

Hematological
White blood cells
Hemoglobin
Platelets

Loss of appetite
| episode in 24 hours
Increase of <l stool/day

< LLL-3,000/mm?®
<LLL-10.0 g/dl
<LLL-75,000/mm®

Unable to eat but can drink

2-5 episodes in 24 hours
Increase of 1-6 stools/day

2,000-<3,000/mm?
8-<10.0g/d|
50,000-<75,000/mm®

Requiring IV fluids
6 episodes in 24 hours
Increase of’ 7 stools/day

1,000-<2,000/mm®
6.5-<8.0g/d|
20,000-<50,000/mm®

Requiring feeding tube
Requiring intensive care
Requiring intensive care

<1,000/mm?®
<6.5g/dl
<20,000/mm?

CTC, common toxicity criteria:, NCI, National Cancer Institute; IV, intravenous; LLL, lower limit normal value.

' :18V3IU Q’]S?T’]S?TU’]HUS\JHSDU’] la:u:80aneivus:nAlng
3 Ui 16 auui 2 nsnNNIAL - sSUIIAU 2553




nsItAsvizaya

Tdm1919nankadmINNdLazFe UL UNa
£ = o = dll Y o Y (=
drapaeiuntsAnenaulaaldauauglaa i
afidus
19199 4 Patient characteristics

HANISANEI

IS dl Y o o Z’/ =
NQ']JQ?;I‘V]L‘H’W?Uﬂ’]?ﬁ‘ﬂi&f’]ﬁ‘QNV}\‘mﬁdm 19 8

= o =
IEURATLRLUA ANANTIN N 4

218 @) : median (range) 49  (32-59)
sreizaa4len IB2

[1A 4

]=} 10

B 3
UNA ABEUNZLES (cm) © median (range) 4 (3-5)
NA Hb fiaun195nEn (mg/dl) : median (range) 1.7 (9-14)
WeE : squamous cell carcinoma 13

adenocarcinoma 6

SuIuAKsTas cisplatin A& median (range) 4 (3-6)

1. @1¢l
9 1

agaatvedilen it 491 filveiengAngn
winiu 32 T filefenggegawini 59

2. szazlsAmNgEUL FIGO

Q’ﬂqﬂ%wm 19 118 lufileszasd 1B2 28,
‘J‘ZEI;‘iﬁ' [IA 4 918, ?5?1317‘]' [IB 10 71¢l ‘3‘383‘1’7‘]‘ 1B 3 7181
gulaadaulun (52.6 %) atfluszas 1B

AN5197 5 Acute toxicity according to CTC of NCI

3. A UIUATINLATU cisplatin

filae 1 9161430 3 ATY 12 98 4 AT 4 9781 5

AT LAz 2 718 6 AN daulun) i 4 A (63%)

4. NIAEUNSNGAU

Toxicity grading Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Gastrointestinal
Anorexia/nausea 6 13 0 0 0
Vomiting 10 9 0 0 0
Diarrhea 8 10 1 0 0
Hematological
White blood cells 4 8 5 2 0
Hemoglobin 6 8 4 1 0
Platelets 17 2 0 0 0

CTC, common toxicity criteria; NCI , National Cancer Institute.
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nadnaAesssasduszunlainine grade 3
E alalabll Lﬁm'%u‘lu;:iﬂfm 3918 (16 %) HadN9LAEN
sveivdusr it sling grade 3¥38a1NN97
Inenwugiae grade 2 diarrhea 1 978!

33190l

'
=

Cisplatin ifuafiiinidnnianlduniige
Tusgndnenisfnunse faalunzifadinuagn we
15u104 cisplatin ﬁmmmuﬁuﬂuﬁamﬁmﬁu@g’
AMNEANITANHITEY GOG Trial 123 Aglani9in
sl cisplatin dUaviazmse I C AL
AUATITENT

nadaRssszavduszuLlafininen wazsvuy
MAAUBIMNINUERINGINIANEY 289 GOG Trial

120 uaznANEY GOG Trial 123 (19197 6) &g
wilteraiinainauaudiaeléu cisplatin g
annndvienindiu 6 Afageds 49.4% lunsiinen
193 GOG Trial 120 ([ﬂ’]ﬁ"]\‘l‘ﬁ 7)
ann1sAnEIranisinENziiL nuagnaon
Fa@snuazindinTafguduziSequanaanil
FENINNRDU AAIANT] 2545 DuiAau $191AN 25467
wudqﬁmmm@@gi@mﬁ 31 (3-year survival rate) Tu
ﬁﬂqmzm:ﬁ 1B2 ,ILII AU 83.3%,82.9% way
64.3% AINATSL TelndiABenan1sinEI1es
anntiusine Feluuazsnalszing ¢
N19IAALNUNITFNHI9EUT19N190 8 59A T
ANuNTD RN UILATITR9nNTlH cisplatin anannli
NAMTINELAYSRIINNITEATAARTY Taiifeaiingg
Ussiflunadnadasleglunnsinuensuly

A9199 6 HaunIndauszazduainnisli cisplatin Alafazaislunisinwuzisalnuagnaosisd

waziAiitngin
Rose et al. (GOG120)" Keys et al. (GoG123)° nsANm
(n=176) (%) (n=183) (%) (n=19) (%)
Hematological NR
Grade 1 20 42
Grade 2 36 21
Grade 3 18 5
Grade 4 3 0
Leukopenia NR
Grade 1 17 42
Grade 2 26 26
Grade 3 21 10
Grade 4 2 0
Thrombocytopenia NR
Grade 1 15 10
Grade 2 0
Grade 3 2 0
Grade 4 0 0
Gastrointestinal
Grade 1 32 31 62
Grade 2 28 27 5
Grade 3 8 9 0
Grade 4 4 ® 0

NR. not reported.
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AN9199 7 anuanAFa sl cisplatin sEM919nNran8fAnaziANLNT

ﬁé’ﬂ/Ref.no. ﬁﬁu’mél'ﬂ'm Brachytherapy | Cisplatin 4’1u’:uﬁ%mmmi’lﬁ' cisplatin(%)

1 2 3 4 5 6
Rose et al.7 176 LDR 40 mg/m? 0.6 1.1 4 10.2 33.5 | 49.4*
Keys et al.8 183 LDR 40 mg/m’ >/4 =90
miﬁnmﬁ 19 HDR 40 mg/m® 0 0 8.8 63.2 211 10.5

HDR, high-dose-rate; LDR, low-dose-rate
* cisplatin 6 A¥viFaNINN9N
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Palliative Prognostic Index (PPI)

&
NANINLFIUaT1 15N

a a a

das TaRsulsz@nd
NRNILRTANERTUsALLTE AR
AuNzIFgUaTENT

ABSTRACT
Purpose
To evaluate the predictive accuracy of the Palliative Prognostic index (PPI) in patients with advanced

cancer at Ubonratchatani cancer center.

Patients and Methods

The PPI (defined by performance status, oral intake, edema, dyspnea and delirium) was calculated in
34 consecutive patients with advanced cancer hospitalized at palliative care unit. Patients were classified
into three groups: group A (PPI<2.0), group B (2.0<PPI<4.0), and group C (PPI>4.0). The survival curves
and the 95% confidence intervals of survival were calculated by the Kaplan-Meier method, and the
comparisons among three groups were based on the log-rank test. Cut-off points for survival prediction of

shorter than 3 or 6 weeks were determined and the validity of the prediction was examined.

Results

Group B survived significantly longer than group C, and group A survived significantly longer than either
of the others. When a PPI of more than 6 was adopted as a cut-off point, 3 weeks’ survival was predicted
with a sensitivity of 79% and a specificity of 85%. When a PPl of more than 4 was used as a cut-off point,

6 weeks’ survival was predicted with a sensitivity of 72% and a specificity of 75%.

Conclusion

The survival of advanced cancer patients can be acceptably predicted by PPI.
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% o
mqilszasn

WeaAneANLEuen1a9n1s1d Palliative Prognostic index (PPI) lun1svinuneszesiaa1sendon
weegilaenzifsrazgavina luguduzifaguasmanil

Asnaaiuanu

ANUINLATILLU Palliative Prognostic index (PPI) Tuglaainziiasvezgaiing 34 SeTNFINTIEAT
whegAanilssAudszaee warntsngugtaetlu 3 nguandasAziiLY PP o nqu A (PPI<20.),
Ngu B (2.0<PPI<4.0) uazngu C (PPI>4.0) antuiaziuy PPl Aldunmn A uduiusfsezinan
sanEanasesdilandag survival curve eAuanilaeda Kaplan-Meier wasiSauiileuamnuunnsinedas
log-rank test kAIAUINLANAINLEUENIBINTYINNE At AT ULUWAAGAR ( cut-off point ) 284 PPI W6
ATWUUIUNNIANUINTZEZIIA170ATIR < 3 AUANY LAY 4 ATLUU d1UFUTZEZINANTeATIR < 6 1AW

NANTANEN
gilelungu A Rsveznarsendinuiundfilaalungy B uas C auanduatineliitd Aoy eada
' o A 17 o A:II o aa Aﬂl 2 1 o
ANNuHutielfAzuUUAFnTeY PPl 71 6 Avuwuulunisvinnessazinasentinntiesndt 3 £lnni

wudndanlofasas 79, ananmiziasas 85 uazialdaziuuansinaas PP 7 4 azuuulunisvinung

/51

Q

sravnanantin lugilhanzifssazgaiing

38IZINANIRATINN LN 6 Flavinudnipannlndasay 72, Auamnziasay 75

Palliative Prognostic Index \uAsasilaAiAnNuauen azaan waziwnnzanlunisiiunldnennsad

UNUn

o ala dl 1 [ Y
nsunEsrazaIsanTInnuiue TugUon
niseszezgavinaianndAynanalsenislunig
nsunndgimnuddysaunndlunisandulals

G 1 £4 o 1 2 dﬁl
wraldlinnsfnunusetnaungilos wanainiinig

ol ) a aa =l @ @ U

wensaidndihuazid@edinnigly 6 weufidude
vt lunsiusogilaelflunedilassacgaiina” dou
Tuwdandsangilsarldinanuidnlanaraauiy
ANTANNTULINTaslsn N lAaIEpaTaNInNA

Ao v ° P o ¥
NAIF1wazIIANNANNFAaani1seukelaiululaung
srnnslaeldfumnudiswmaanaziuaniula
anAsauAiuunTagaing
Tuilaqiuigneraauimuiiazesiialunis

PUNEIEETLIANTDATIA (prognostic tools) AN
wanegiuuy (3-10) Tnaldiladendaauduiusiu
S Aa v 2 o (11, 12)
sreziansaniinaesgiloadaluanailads
annsnanuun ety 3 ngu laun
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- 8IMTUAZEINIUAAN 1TU nnaziTieansng
a8 1N 1hnusie NAURLNN an@en vuiinaald
g
- HANIIATIANADA 1Y A1ETA LAIARAT1IE
TlsRusn gy
- ﬂ@@”ﬂ§u7 VY 818 WA NsUNTNITAnETadlsn
performance status vlupu

A15u Palliative Prognostic index (PPI) vl
prognostic tool ﬁﬁmm‘lm Morita LazATUE(13)
Toeld

flagtfifeaiugie 5 Uszne W performance
status, oral intake, edema, dyspnea at rest ULAaZ

delirium

Innuszasn
A = ) o -
WRANENANILNUENTRIN1T 1D Palliative Prog-

nostic index (PPI) 14NN e1s2eIina 30 AT A e
fihauzifscacgainglugudusiiaguanasiil

UBUUNSANYN
Prospective study
Faauazisng

1) sousandeyaangienziiezacgaing
ﬁuﬁumﬁﬂmLLuuﬂizﬁuﬂimmﬁI@uﬁmﬁq
gUATTNHlWTT WA 2551 - 2552

2)  ANUINMAZLLUL Palliative Prognostic index
(PPI) maqﬁﬂqmmmmﬂ mummﬁi 1

3) WAL PP A PR ITAIYY. PR SR P
uzasenTInastesdiandag survival curve
AlALAT Kaplan-Meier wazidFeuiiauaany
WANGINADE log-rank test

4)  ANUIIANANNLNUENTBINITNIUNE

BNSN 1 N19ATWINL Palliative Prognostic index (PPI)
variable score
Palliative performance scale* (modified Karnofsky)
10-20 4
30-50 2.5
> 60 0
Oral intake
Severely reduced 2.5
Moderately reduced 1
Normal 0
Edema
Present 1
Absent 0
Dyspnea at rest
Present 3.5
Absent 0
Delirium
Present 4
Absent 0
Total 0-15
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*M1919% 2 Palliative performance scale (PPS)!"

% Ambulation Activity level Self-care Intake Level of
Evidence of disease consciousness
100 Full Normal Full Normal Full
No disease
90 Full Normal Full Normal Full
Some disease
80 Full Normal with Effort Full Normal or Reduced Full
Some disease
70 Reduced Can’t do normal job or Full As above Full
work Some disease
60 Reduced Can’t do hobbies or Occasional As above Full or Confusion
housework assistant needed
Significant disease
50 Mainly sit/lie Can’t do any work Considerable As above Full or Confusion
Extensive disease assistant needed

40 Mainly in bed As above Mainly assistant As above Full or Drowsy or
Confusion

30 Bed bound As above Total care Reduced As above

20 Bed bound As above As above Minimal As above

10 Bed bound As above As above Mouth care only Drowsy or coma

0 Death - - - -

HaN13ANEN

vy ° A ¢ ae & A = o A A A
Mgﬂfgﬂﬁnu’m 34 i"]EW]@%sLummsT/]ﬂ’]?'J’Qﬂ sﬁ\‘iﬂi‘qﬂﬂzmﬁlﬂﬂﬂwLL@ﬂﬂiumqﬁ‘q\‘iW 3 LAYAIT NN 4

wziSwunsnszanelidnsusiuniia

AN519N 3 azidundeyadio
seaziaangilas AUIU (%)
WA
el 16 (47)
LN 18 (52)
L m®
124 (Heaign — unga) 55.7 (21-77)
1sh
NI5FUILAYYIaUN ARG 8 (235)
uzalnuagn 4 (11.8)
PEAERITZQUIEY 4 (11.8)
wzifailen 4 (11.8)
wziean 4 4(118)
NefaAsHELATA 3(88)
2 (
5 (

@ A
HIENBU)

e
STEUSLINITAATIRN
Median survival (314)
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M519N 4 Patient’s performance status and prevalence of symptoms

AU %

Palliative performance scale

10-20 10 29.4

30-50 16 471

> 60 8 235
Clinical symptoms

Moderately reduced oral intake 14 41.2

Severely reduced oral intake 14 41.2

Edema 5 14.7

Dyspnea at rest 10 29.4

delirium 2 5.9

AUUAIAZILLUL PPl aagiaausazang agdlifnneed 5

AN9NN 5 NIINTTANUANAZULU PPI

AZUUY PP auugilae %
0 2 5.9
1-2 6 17.6
25 4 1.8
35-4 3 8.8
45-6 5 14.7
6.5-8 6 17.6
8.5-10 4 1.8
10.5- 12 3 8.8
12.5- 15 1 2.9
waanLngugUaentlu 3 nguANAIATLUY PPI il Survival Functions
NGN A : PPl <2 Nfflondnuan 8 918 (23.5%) )
g B : 2.0 < PPl < 4.0 fifilaganuau 7 91e (20.6%)
ngx C: PPl > 4 Hfflandnuan 19 918 (55.9%) a 2

L]

UnAzLY PPl AlANIMIANANAUSTUT ezinan  Cum

Survival C
2

santanasaedgiloadae survival curve TAMIUIAY

0.0

3% Kaplan-Meier wazllFeuifigUANNLANFANAIE log- o

rank test TIME (3u)

a o aa v '
gﬂ‘VI 1 ‘ﬂﬁl‘mﬂ’]i‘i’ﬂﬂ‘ﬁ"lﬁ]‘ll‘ﬂ\i@ﬂ"lill,l,ﬁlﬂm’]ﬂﬂ@ﬂ
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angUlit 1 wandliiiuin fuaelungu A fszes
wansandiauLNILaelungn B uay C auasu
aealusdAtyneala (P < 0.01) Inaddnasen
TAnieag (Mean survival + standard error) 193£)9¢)
Lm'@zﬂzg'uﬁqﬁ
ngN A= 101 +259U, 95% Cl =51-1519u
95% Cl =30-82 4u
95% Cl =12-27 U

ngN B=56 + 13 Ju,
ngu C=20+4 du,

AU WA AL LN IN 13V
Iaeldazuuuansin (cut-off point) 283 PPI W6
ATWELIUNNTIAUINIZZINANTRATIR < 3 dLlAnif
WA 4 ATWUL AuFLTTaznaTenT R < 6 AUanY
IEuadniFanandlunsnedi 6

ASeT 6 A NuEuenlunIIvie
Sensitivity Specificity | Positive predictive | Negative predictive | Overall accuracy
(%) (%) value (%) value (%) (%)
srezanTenTin < 3 dUanif 79 85 79 85 82
( AZLUUAAFA = 6)
srEaN28n TR < 6 AUANF 72 75 84 60 73
(ATWUUARGIA = 4 )

F91501

AINUANNIANEWLINT I Palliative prognostic
index (PPI) Tunsvinungszazinansendinuesilog

< o = ' ° P o
nzideszavgavinadaonuLiuengs Tasmnnziileld
mwegilandscazinaisendindundn 3 dilanif
F9annAReINUKANITANETa9an1TuARlUsN
dszma 1w nnsAne sz madgiijulag Morita waz

o (13) o, = SL ”ﬂ o Baaeee . S
A" vinnsAnsn ludilaenziescavgarineanuny
95 A1 WLIN sensitivity WAz specificity Tun13v111e
fuhandszazinarsentondundt 3 dilanf wiaiu
83% WAY 85% AINAIAL

Tudzaanisvunld wuan PP i prognostic

day e Ao - 2 -
tool Nldd1enilasanniladenunudsziliuisnuailu
annsuazeNsuansasdion laifaslduansasma
= a o A a \ o |
wanvizadadau NUssuen WY Aundanng
nezaauadlsn (sites of metastases) i Chuang
Prognostic Score™ wsamauiLLnng (clinician
prediction of survival) Tu Palliative Prognostic

Score" iflugu
Girl)
q
Palliative Prognostic Index Whuerasdianiaanu

LHUE azmntazmsnzanlunisiNn g nansad
aa L (=3 v %
seaznaN3enTIn udilnenziersargaving
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Review Article:
Hypofractionation for Prostate Cancer

UN. Anen  Aunade
MinefALATNLTINe AaTadInen
ANUCULANYAARS ASTNTNYILNG

Abstract

This article will review the role of hypofractionation for prostate cancer. Recent analyses and reviews
of tumor control in prostate cancer have suggested an alpha/beta ratio value on the order of 1 to 3 for
prostate cancer, which is somewhat lower than the value typically ascribed to the adjacent organs at risk,
such as bladder and rectum. It would offer an opportunity to improve the therapeutic ratio by using a
hypofractionation approach. The result of the latest study that was phase Il randomized control trial,
concluded that the hypofractionated regimen was superior to the conventional fractionation in terms of

freedom from biochemical failure rate. In addition, the incidence of late toxicity was equivalent between the

two groups. However, the optimal fractionation schedule in the treatment remains controversial.
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Overview Treatment for Prostate cancer.

ma‘i?”ﬂm;:Jﬂ'muu?‘m@u@uwmnﬁuﬁﬁwﬁu
naeRa lARINTENGR, N9enefed, nnsldenaasluy,
waemslseneilialagnnsinuieansacul4a
N s ldAeudennndmiunnsens S
fumallate9nnsen5eAT frfiugeinlduinns
fmﬂ%ﬁmnmﬁu@ﬂmemié’lqLLﬁ?’”lﬂ*’?']'u??mmﬁ@u@un
M lUTAZI8NAN9 T IRNNZLN MBI NI
ﬁwm&mm%ﬁmnmﬂu@ﬂwhﬁumﬂmmgmmi
SnunszALaInNasaNgaan NCCN Guideline 1 2010
T¥iuundnnssnEndaennsensadannaneuentiy
mmsnﬁﬂmué’ﬂwnmwzﬁlﬁxﬂﬂwumimmm
’ﬂ@diﬁ‘ﬂ@@ﬂu@ﬂmmgﬂﬁmﬂ (Localized Disease)
Famafialunsensidannneuenuuzida Three
Dimensional Conformal Radiotherapy (3D-CRT) 198
Intensity Modulated Radiotherapy (IMRT) 32811135
Imaged Guided Radiotherapy (IGRT) laaifaunnd
i?“\iﬁ‘imﬂmun"wumﬁmﬂLﬂunzﬁmmmgmﬁﬁ
wuriTunuisdlaasanatludag 75.6-79Gy/
36-41F LwimnLﬂumjuﬁ”lsﬂﬁmwL%ﬁqﬁﬁLLuzﬁﬁ
Fnnuisalaasnaglutes 78-80Gy/39-40F

Escalating of Total Radiation Dose for Prostate

Cancer.

atinsAneluedmirusmudwn i
5adngeiulaniAfifdanasd Freedom from
Biochemical Failure (FFBF) axgeiunufunniied
fgdutuAeafuiedhadunsinmes Pollack A
wazAny (2) leinnns@neli Phase Il Randomized

trial fuaenzidasiangnusnnluszes T1-3 1uanuau

| L8033 91sASANALSLASNYLE:L:5UINELUS:INATNg
6 on 16 adun 2 nsnniAu - SUIIAU 2553

305 selngldudadtlhneendu 2 nquiengud 114
N3N AL RN FATI BN 70Gy 1flu
S 150 seuazngui 2 WEFumsinedaans
285 FTIB I 78Gy {luanuau 151 :ua
mj‘ﬁﬂwﬁwudﬁ‘ﬁl 6 T Freedom from Biochemical
Failure (FFBF) saaffUlaengaii 1 e 64%, va9ditlas
ﬂ@:&l‘ﬁl 2 @fﬁ 70% Taeidpnunanansiuzesl
AAtYMNNADA (p value = 0.03) vidalunis@nmaa9
Peeters STH. wazAnue (3) bevnnnsAnmnludnsniy
WU LYed Pollack A. warAnly (2) Inaansnle
\{lu Phase 11l Randomized trial giloanziFasiasn
gnunnnluseey T1b-4 wikdilaeeanifuasingu Ae
ngaf 1 185uunns@silu 68Gy e Conven-
tional Technique ngaf 2 TésuTsannFedsmdy
78Gy finel Three Dimensional Conformal Radio-
therapy (3D-CRT) Tpefinanisfnsnudag 5 3

FFBFaavftlheangui 1 agil 54% 10anguil 2 agi
64% TnaNdAuLAnFAsTuTastag A neaia
(p value = 0.02) AatiaINNITANEIRAERIANEI7
wrdesuaziulidnguiiaanzisesiangnunan
wnlAFUEN AN geIuazilan1anuanisinem
azlFFunamnmamNNduRnaiu Tnanuad A
199598989sanngulduanssiuuanaInaadnig
= o vy 9 o a = 4 A o
AneAanadtasiuudadaiinisAnmaw daiuau
sl ufa@sanluliunngadunaa iy
BnvaENIANEN

Rationale of Hypofractionation for Prostate

cancer.
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Fig. 3. Normal tissue complication probablility (NTCP) of organs at risk (OARs): bladder (left) and rectum (right) for five
reatment regimens with “a” varying from 1 1o 10, where “*a™ represents the volume effect in gEUD?2 calculation. «/§ =35
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LHONANTINUANNNTUAZ AR NATDINIIABINNT
AN N LA IIAINTANENTWEINNI4Y
ldnannislunisfnenanniszinuauladléinzes
alpha/beta ratio ANUBINLLFIFNGNUNINNINANTUN
lunsAneuilslulssimAnauinianlszasdae
iFaennranszaziian lunnsfneasinafaisnnann
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FaddlavhunBauiauiunnefeddaanaudaas
TlFwinAulaeARien (10) A9A13197 1 d9un13AnNE
RaesrhadunizeantuuaInnIsAIWIn. Sample size

o e amwo Y
N1ANITasBes toxicity M lFlaauaugilaalunig
AnEanuautias

AR 1 ulaudiauen NTD,  w83usiaz Hypofractionated Regimen
Author Hypofractionated Regimen NTDZ(sy if alpha/beta ratio is:
1.5 5 10
Lukka et al (8) 52.5Gy/20F, 2.625Gy/F 62.7 57.2 56.2
Yeoh et al (9) 55Gy/20F, 2.75Gy/F 67.7 60.9 58.4
Arcangeli et al (11) 62Gy/20F, 3.1Gy/F 82.6 .7 67.7

nN3ANEN28Y Arcangeli wazatuz (11) unng
AnuLL Randomized trial aiuangpRAamRs
1wl 2009 vinsAnElulszimAgaagnIN13aE
IalEuannns289 alpha/beta ratio 199NZIFIAaN
gnunniszanns 1.5 Gy NAuIMiINIAnlu
Q’ﬂwﬁqéu 168 el High risk group (Al

Gleason score (GS) 8-10, %?‘@pretreatment PSA
level (iPSA) >20 ng/mL, ¥isaRaed AN 189/ NE Y
flatiAe iPSA11-20 ng/mL, T2 2c, GS = 7) wiiglog
Lﬂummmjuiﬁmmﬁmﬁ 1: Conventional regimen:
80Gy/40F (2Gy/F) luanuau 85 mmmzﬂ@juﬁ' 2:
Hypofractionated regimen: 62Gy/20F (3.1Gy/F)
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3D-CRT Iaeldilu Six coplanar field waznuuali
Maximal dose heterogeneity ailudas 90-107%
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ey 62.5% a9 FunnuSadvanue (Conventional
regimen: 70Gy way 50Gy, Hypofractionated
regimen: 54.25Gy LA 38.75Gy) UTu1m91U84 Rectal

wall Faslalifin 30% waz 50% Aua1ALLazamsL
1319999 Bladder wall fiagluiiu 50% waz 70%
ANNATALNANIIANETWAIAN9N 2 Teagiaas
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IMANURY alpha/beta ratio 989 late rectal toxicity
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ANg19N 2 mAN13ANIT8Y Randomized Control Trial of Hypofractionation versus
Conventional fractionation 283 Arcangeli G, et al. (11)

Result Conventional Regimen Hypofractionated Regimen
(80GY/40F, 2Gy/F) (62Gy/20F, 3.1Gy/F)
Median follow up time 32 months 35 months
3-year actuarial freedom 79% 87%
from biochemical failure (FFBF) p value = 0.035
4-year actuarial survival rates 60% 82%
p value = 0.004
3-year incidence of late Gl 14% 17%
complication >Grade 2
3-year incidence of late GU 11% 16%
complication >Grade 2

Prospective Nonrandomized Trials of Hypofractionation for Prostate Cancer
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AN9I9N 3 LAASKANITANEIUD Prospective Nonrandomized Trials of Hypofractionation for

Prostate Cancer. (10)

Late Toxicity =
RTOG Grade 2

No. of Fractionation NTD.g, if a/p is: Median FU
Author Patients Schedule 1.5/5/10 (Months) FFBER Rectal Bladder

Kupelian et al'? 770 70 Gy at 2.5 Gy/fr 80 Gy/75 Gy/72.9 Gy 45 B82%* 4.5%" 5.3%"*
in 5.6 weeks

Tsuji et al'? 201 66 GyE at 3.3 GyE 90.5 Gy/78.3 Gy/73.2 Gy 30 83.2%" 1%* 6%"
in 5 weeks

Soete et al'* 36 56 Gy at 3.6 Gy/fr 80 Gy/68 Gy/63 Gy NR NR NR NR
in 4 weeks

Martin et al'® 92 60 Gy at 3 Gy/fr 77 Gy/6B.6 Gy/65 Gy 32 B2%t 2% 2%
in 4 weeks

Ritter et al'® 110 64.7 Gy at 2.94 82 Gy/73.3 Gy/69.7 Gy 20 NR 9% 0%
Gy/fr in 5§ weeks

Madsen et al'” 40 33.5 Gy at 6.7 Gy/fr 78.5 Gy/56 Gy/46.6 Gy 41 TO%s 7.5% 20%

in 1 week

Abbreviations: NTDug,, dose equivalent in 2 Gy fractions: FU, follow-up; NR, not reported.

*Five-year estimate.
1+Two-and-a-half-year estimate.
#Four-year estimate.

Ongoing Randomized Trials of Hypofractionation

lugaszezinauans TN unngnin1s3aaluEeswes Hypofractionated Regimen atjilszanns 4 aiiui

feagludunaunisfnmuazifiumusndeyadasmd 4

ANgen 4 uansnnsAnEnilu Ongoing Randomized Trials of Hypofractionation (10)

Study Eligible Patients Randomization Arms NTD,, if o/p is: 1.5/5/10 Sample Size
Fox Chase* Intermediate risk 76 Gyat2Gyv 76 Gy 300
High risk 70.2 Gy at 2.7 Gy 84.3 Gy/77.2 Gy/74.3 Gy

MRC Low risk 70Gyat2Gyv 70 Gy
Intermediate-risk 57Gyat3Gyv 73.3 Gy/65.1 Gy/61.8 Gy 2,100
60 Gy at 3 Gy 77.2 Gy/68.6 Gy/65 Gy
NCIC Intermediate risk 78Gyat2Gyv 78 Gy 1,204
60 Gy at 3 Gy 77.2 Gy/68.6 Gy/65 Gy
RTOG 0415 Low risk 738Gyat1.8Gyv 70.1 Gy 1,067
70 Gy at 2.5 Gy 80 Gy/75 Gy/72.9 Gy

Abbreviations: MRC, Medical Research Council; NCIC, National Cancer Institute of Canada; RTOG, Radiation Therapy Oncology Group.

*Study completed accrual May 2006.

‘Emmgﬂ@uﬁu"l,é’dqmimLfa?\';mmq alpha/beta
ratio TesuzGRengnimnnTUAlasiaAeszn
1-3 Gy FapndnAnaes alpha/beta ratio 9184 Normal
tissue @4l bladder and rectum w&an1s143anns
Fnumae Hypofractionated Regimen udnaziili
nn9Uis Therapeutic Ratio lédefaanndasliiu
Phase Ill Randomized Control Trial fﬂﬁ’ud’lzﬁﬂ%‘\ﬂﬁ

LL@mﬂﬁl,ﬁu'i’mZﬂu‘ﬁliﬁHypofractionated Regimen
A1 Freedom From Biochemical Failure Rate
ﬁﬂd’m@jmméf Conventional Regimen yanANiLy
Late Toxicity 999%4 Gl and GU Aldl&uAnsnaiu
uraginalsfimu Fractionation schedule Tunnsinen
Nz159ENgNUNINALLAE Hypofractionation SR
Liflfeaqfidniaunsdassansdnusieliluewian
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Extent of tumor
T Tumor less than 3 cm in diameter
T2 Tumor greater than 3 cm in diameter

T3a | Tumor greater than 3 cm in diameter with extension into the aqueduct of Sylvius and/or the foramen of Luschka
T3b Tumor greater than 3 cm in diameter with unequivocal extension into the brain stem
T4 Tumor greater than 3 cm in diameter with extension up past the aqueduct of Sylvius
and/or down past the foramen magnum
No consideration is given to the number of structures invaded or the presence of hydrocephalus.
T3b can be defined by intraoperative demonstration of tumor extension into

the brain stem in the absence of radiographic evidence.

Degree of metastasis

MO No evidence of gross subarachnoid or hematogenous metastasis
M1 Microscopic tumor cells found in the cerebrospinal fluid
M2 Gross nodular seeding demonstrated in the cerebellar/cerebral

subarachnoid space or in the third or lateral ventricles
M3 Gross nodular seeding in the spinal subarachnoid space

M4 Metastasis outside the cerebrospinal axis
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OF A RESPIRATORY MOTION PHANTOM FOR TESTING THE TARGETING
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RESPIRATORY TRACKING SYSTEM
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Abstract

Tumor moving due to respiration during the radiation treatment process is difficult to manage.
Without management for respiratory motion, the critical organs may receive a high radiation dose with
decreasing target dose. Synchrony® respiratory tracking of the Cyberknife system provides the unique
possibility to do real-time patient and tumor motion tracking.

An in-house respiratory motion phantom was designed and constructed for testing the targeting
accuracy of the Synchrony® system. To simulate target and skin respiratory motions, an in-house
respiratory motion phantom (17 x 45 x 15 cm3) made of acrylic was created. Inside the phantom, there
were two parts; the mechanical part is composed of a cam and a slash cut pipe driven by a gear
motor with 12 VDC to move the tumor and skin motion platform. The electrical part consists of AC to
DC switching connected to an adjustable voltage regulator for supplying the gear motor. The amplitude
and respiratory rate of the phantom were calibrated and evaluated using the Varian Real-Time Position
Management (RPM) system. Then the phantom was used to test the targeting accuracy of the
Synchrony® system by varying the amplitude of skin motion, respiratory rate, and tumor motion
distance.

The phantom can be moved along the superior-inferior (SI) directions (tumor motion) with the
distances of 15, 25, and 35 mm and moved along the anterior-posterior (AP) direction (skin motion)
from 0 to 15 mm. The respiratory rates can be varied from 0 to 30 cycles/min. The maximum standard
deviation of amplitude and the respiratory rate in the phantom were 0.22 mm and 0.089 sec/cycle,
respectively. The targeting error of the Synchrony® system is less than 1.0 mm. The skin motion amplitude,

respiratory rate, and tumor distance do not affect the targeting accuracy of the system.

KEY WORDS : Respiratory motion phantom/ Cyberknife/ Synchrony respiratory tracking system /

Targeting accuracy
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I. INTRODUCTION

Tumors in the chest and abdomen moved due
to respiration during radiation treatment process is
difficult to manage [1,2,3,4]. Without compensation
for respiratory motion, the healthy tissue may receive
a high radiation dose and the dose to the target is
decreased. Synchrony® respiratory tracking of
Cyberknife system provides the real-time tumor
tracking of the patient and tumor motion based on
the movement of the fiducials (internal markers) in
the tumor and respiratory signal (from LEDs marker
on the patient’s skin surface) and moves the linear
accelerator dynamically with the target [5]. For the
quality control of the tracking system, a respiratory

motion phamtom is needed [6,7,8].

II. MATERAIALS AND METHODS

A. Design and construction of the in-house
respiratory motion phantom

The respiratory motion phantom model was
designed to be able to simulate respiratory motion
signal and tumor motion.

The acrylic plates with 5 mm thickness were
used for fabricating an external part of the phantom
and 3 mm for the skin motion platform (Fig. 1a) and
holding the gear motor and also supporting two
long sides of the phantom. The nuts and bolts were
used to join every part together. The size of the

phantom is 17 x 45 x 15 cma3.
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Inside the phantom, there are mechanical and
electronic parts. The mechanical part is made of 3
mm thickness acrylic plate which consists of a skin
motion platform (Fig.1a), a tumor motion platform
(Fig. 1b), slashed PVC pipes with 15, 25, and 10
mm long (Fig. 1c¢), and cam (Fig. 1d). One end of
slashed pipe is attached with the cam and another
end attached with the tumor motion platform
(Fig. 1e) by using four nuts and bolts to move the
platform in superior-inferior (SI) direction with the
same length of the pipe. (The tumor motion platform
can move by push of slash cut pipe and pull with
tourniquet). Moreover, another side of the cam is
attached with the gear motor to rotate the cam for
moving the skin motion platform in AP and tumor
motion platform in Sl direction. The construction of
the phantom is shown in Fig.1f.

The electronic part is composed of an
adjustable voltage regulator circuit which was
assembled according to the circuit diagram
illustrated in Fig. 2. The switching power supply
converts the 220 VAC to 13.8 VDC and transfers
the DC current to the adjustable voltage regulator
circuit for driving gear motor with variable velocity

adjusted by voltage regulator circuit.
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Fig.2 The electronic circuit diagram of the phantom

B. Calibration and evaluation of the in-house
respiratory motion phantom

The Varian Real-time Position Management™
(RPM) system version 1.7.5 was used to calibrate
the amplitude positions of 6, 7.5, 9, 12 and 15 mm
and respiratory rate of 5, 10, 15, 20, 25, and 30
cycles per minute. Then the precision test of respi-
ratory phantom was performed for the amplitude
position of 7.5 mm for every respiratory rate and
respiratory rate of 15 cycles per minute for every

amplitude position.

parison between the centroid of the planned dose
distribution and actual delivered dose distribution
from irradiated Gafchromic film within the desired

the total targeting error.

Ball phantom

Gafchromic film

Fig.3 The ball-cube assembly with Gafchromic film.
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The ball-cube phantom with Gafchromic film
was scanned using axial mode, 120 kVp, and 1.5
mm slice thickness. A treatment plan was gener-
ated with the goal of 80% isodose line of 6.5 Gy
conforming the outer surface of the acrylic ball

target (left=31.75 mm, anterior=31.75 mm and

superior = 31.75 mm) as shown in Fig.4.

Fig.4 The 80% isodose line (white line) of 6.50 Gy
covers the outer surface of ball target (pink circle)

Then the ball-cube with two pieces of unex-
posed Gafchromic film was placed on a piece of a
5 cm thick Styrofoam and then placed on the top
of the tumor motion platform of respiratory motion

phantom as shown in Fig.5.

Ball cube

Fig.5 The setup of the in house respiratory motion

phantom and ball cube
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The phantom was exposed with the moving
various parameters to verify and study the correla-
tion of amplitude of skin motion of 6, 7.5, 9, 12 and
15 mm, respiratory rate of 5, 10, 15, 20, 25 and 30
cycle/min and moving tumor distance of 15, 25 and
35 mm.

The exposed and also unexposed flms were
scanned at the same time using a flatbed transpar-
ency scanner. During scanning, the anterior edge
of the film was on the top and the left/superior
edges were on the left of the image. Then the scan-
ning images were analyzed using End to End (E2E)
Film Analysis 2.0 Software tool as shown in Fig.6.
All results of the centroid of dose distribution (total
targeting error) were calculated. All total targeting
errors of the centroid of dose distribution for each
parameter group were analyzed by using one way
ANOVA (Analysis of Variance).

Tgit error mm 0.27257

" aowrerior error mm. 013571
superior error mm 015732
ciferior error mm. 03031
verdge arierior ervor mm, 03451

TOTAL TARGETING ERRORmm- (1 46705

Fig.6  The centroid analysis E2E software in total
targeting error (mm)

[II. RESULTS

The respiratory phantom was constructed. It
can be moved in two directions, supero-inferior with
15, 25 and 35 mm distances by tumor motion plat-
form movement and antero-posterior in the range

of 0 to 15 mm by moving the skin motion platform.



By adjusting the voltage regulator, the respiratory
rate can be varied from 0 to 30 cycles per minute.

The phantom is shown in Fig.7.

platform

Adjustable voltage

Tumor motion

Fig.7  The completed in-house respiratory
motion phantom

The maximum standard deviation of the
amplitude of skin motion for the precision test is
0.22 mm. Also the maximum standard deviation of
the respiratory rate is 0.089 seconds per cycle.
The data in detail are shown in table 1 and 2,

respectively.

Table 1 The standard deviation of amplitude
position (mm) of the respiratory motion phantom

Table 2 The standard deviation of respiratory rate

(sec/cycle) of the respiratory motion phantom

Setting value Mean reading Range
Cycle/min | Sec/cycle = SD (Min-Max)

5 12 11.98 +0.045 11.9-12
10 6.0 6.04 £+ 0.089 6.0-6.2
15 4.0 4.0+0.07 3.9-4.1
20 3.0 3.0+0.0 -
25 24 2.4+0.07 2.3-25
30 2.0 2.0+0.0 -

The total targeting errors with various
amplitudes of skin motion, respiratory rates and
tumor motion distances are shown in table 3, 4 and

5, respectively.

Table 3 Total targeting errors (mm) of various
amplitudes of skin motion for 15 cycles/min
respiratory rates and 25 mm tumor motion

Amplitude No.
(mm) p 5 B Mean = SD

6 040 | 094 | 0.75 | 0.70 | +0.27
7.5 0.31 065 | 034 | 043 | £0.19
9 055 | 033 | 0.77 | 055 | +0.22
12 045 | 0.63 | 057 | 0.55 | #0.09
15 0.75 | 0.78 | 098 | 0.84 | +0.13

Mean = SD 0.61 | %0.22

Table 4 Total targeting errors (mm) of various
respiratory rates for 7.5 mm amplitude of skin motion
and 25 mm tumor motion

Setting value | Mean reading = SD | Range (Min-Max)
6.0 6.0+0 -
7.5 76+0.22 75-8.0
9.0 9.0+0 -
12.0 12.0%0 =
15.0 15.0+0 -

Respiratory No.
rate(cycle/min) 1 2 3 Mean = SD

5 0.53 | 0.37 | 0.61 0.50 | #0.12
10 061 | 028 | 0.33 | 041 | #0.18
15 0.31 | 0.65 | 0.34 | 043 | #0.19
20 025 | 046 | 0.33 | 0.35 | #0.11
25 0.79 | 0.32 | 0.583 | 0.56 | *#0.24
30 0.83 | 0.37 | 0.55 | 0.58 | #0.23

Mean = SD 047 | =0.18
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Table 5 Total targeting errors (mm) of various tumor
distances for 7.5 mm amplitude of skin motion and
15 cycles/min respiratory rate

Tumor No.
. Mean = SD
distance(mm) 1 2 3
15 0.83 0.68 | 0.752 | 0.75 +0.08
25 0.31 0.65 0.34 | 043 | +0.19
35 0.73 0.72 0.45 0.63 +0.16
Mean = SD 0.61 | =0.19

The mean values of the total targeting errors
for the skin motion amplitude, respiratory rate and
tumor motion are 0.61 £ 0.22 mm, 0.47 £ 0.18 mm
and 0.61 + 0.19 mm, respectively. By using the
ANOVA statistical test to analyze the total targeting
errors, there are no significant differences for the
skin motion amplitudes from 6 to 15 mm (p-value =
0.1717,95% Cl), respiratory rate from 5 to 30 cycles/
min (p-value = 0.5961, 95% CI) and tumor motion
from 15 to 35 mm (p-value = 0.099, 95% CI).

IV. DISCUSSIONS

The in-house respiratory motion phantom was
constructed and evaluated using the Varian RPM
system. The phantom consists of two platforms for
two directions of motion: superior to inferior with the
distances of 15, 25 and 35 mm and anterior to
posterior from 0 to 15 mm. The respiratory rate can
be varied from 0 to 30 cycles per minute.

The measurement values in the standard
deviation of amplitude of skin motion and respiratory
rate indicated that the stability of the respiratory
motion phantom is fairly stable and acceptable with
maximum standard deviation of 0.22 mm amplitude
and 0.089 seconds/cycle respiratory rate. This is
due to stable voltage supplying to the gear motor.

However, the problem of the respiratory motion
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phantom is the heat from the gear motor and the
adjustable voltage regulator circuit which could be
broken if it moves for a long period of time. This
problem may be solved by moving the heat sink
outside the phantom.

According to the evaluation of targeting
accuracy of Cyberknife with Synchrony® respiratory
tracking system, although, the amplitude of skin
motion, respiratory rate and tumor distance are
varied in human standard range, the Synchrony®
system has sufficient performance for moving
treatment target with the maximum error of 0.61 %
0.22 mm . The result agrees with the other studies,
three Cyberknife centers [9] with the error of 0.7 £
0.30 mm and Wong et al [10] with the error of 0.82
+0.27 mm. Consequently, the total system error of
the Cyberknife system with Synchrony® respiratory
tracking system could be ensured with error less

than 1.0 mm.

V. CONCLUSION

From this study, the respiratory motion phantom
was designed and constructed. The performance
of the phantom was calibrated and evaluated using
the Varian RPM system. The results show sufficient
accuracy and stability. After evaluation, it was used
to test the targeting accuracy of the Cyberknife
system with the Synchrony® respiratory tracking
system.

This phantom is very useful and convenient tool
for independently testing the targeting accuracy of
the Synchrony® respiratory tracking system.

The maximum targeting error of the Synchrony®
respiratory tracking system tested by this respiratory

motion phantom is 0.61 * 0.22 mm. By using



ANOVA statistical test, it is found that the targeting
accuracy of this system does not depend on
amplitude of skin motion, respiratory rate and tumor
motion distance (p-value > 0.099, 95% ClI).

The testing of the Cyberknife with the
Synchrony® respiratory tracking system using the
respiratory motion phantom shows that itis suitable

for clinical treatment with only a sub-millimeter

error.
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THASTRO ANNUAL SURVEY 2009-10

Services, Manpower and Equipments in Thailand Radiotherapy C

Institution TN ATl WA TN SURA| TUWWTIY] TNAIVAIUATUNT N AUATUNT
| | . 1aoalyi dvan| VoUUAY]

MANPOWER ,

fulltime(parttime)

Number of radiation oncologists 7(1) 10(0)[  9(RT8+DX1)(2) 5(1) 6(0) 6(0)
'Number of medical physicists 6(0) 8(0) 11(1) 5(0) 2(0) 2(0)
'Number of radiotherapy technicians 14(0) 19(0) 17(0) 11(0) 12(0) 8(0)
Number of nurses 5(0) RN+PN37(0) 6+PN2(0) 7+PN2(0) 3+PN1(0) 3+PN4(0)
EQUIPMENTS ,

Low-energy X ray 1 1 0 0 0 1
Co-60 2 2 2 1 1 1
Linear accelerator low energy without electron 0 0 0 2 1 1 with SRS SRT
Linear accelerator low energy with electron 0 0 0 1 0 1 with IMRT
Linear accelerator high energy 0 1 0 0 1 0
Linear accelerator high energy with IMRT 3 1 1 1 0 0
Linear accelerator high energy with SRS/SRT 0 0 28 1 0 0
Gamma Knife 0 0 0 0 0 0
Treatment planning system (WS=workstation) 5 14 WS) 9 14 WS) 1(4 WS) 2
Conventional simulator 1 2 1 1 1 1
CT simulator 1 1 1 1 0 1
Brachytherapy manual after loading unit 0 0 0 0 0 0
Brachytherapy remote after loading unit LDR 0 0 0 0 0 0
Brachytherapy remote after loading unit MDR 0 0 0 0 0 0
Brachytherapy remote after loading unit HDR 1 1 1 1 1 1
Intravascular bachytherapy system 0 0 0 0 0 0
PATIENTS ,

Number of patients consulted per year 2072 1953 2335 2620 2638 1485
'Number of treated per year - new cases 1620 1907 1719 2184 2134 1292
Number of treated per year - old cases 772 46 616 218 251 868
RADIOTHERAPY SERVICES ,

TELETHERAPY ,

Leukaemia 13 18 6 12 38 26
Lymphoma Hodgkin 8 } 13 26 } 1
Lymphoma Non-Hodgkin 70 46 86 33 54 35
Breast 554 455 344 319 274 164
Lung/thorax tumours 195 93 272 275 324 107
Cervix 143 271 178 340 354 243
Uterus 67 63 b8 55 71 67
Ovary 16 6 7 8 3 0
Gynaecological tumours (other) 7 10 6 28 13 22
Head/neck tumours Nasopharynx 114 102 95 99 102 55
Head/neck tumours Non-Nasopharynx 174 290 238 154 201 182
Brain 115 47 131 25 103 73
Skin 9 28 19 8 32 19
Bladder 19 37 30 32 24 9
Prostate 55 70 59 17 19 4
Testis 3 0 1 4 2 3
Other urological tumours 20 3 20 9 12 12
colon and rectum 100 186 190 112 87 82
Other digestive tumours 200 16 106 50 24 23
Paediatric tumours

- Brain 22 11 32 20 11 15
- Lymphomas 5 19 1 30 5 2
- Neuroblastoma 4 0 3 0 4 2
- Rhabdomyosarcoma 0 1 7 0 4 1
- Wilm's tumour 1 5 4 0 2 2
- Other paediatric tumours 18 15 23 0 1 0
Bone and soft tissue tumours 38 33 64 14 107 44
Benign diseases 0 50 23 20 22 0
Unknown primary tumours 11 48 31 0 33 242
Other ........ 91 384 14 500 36 0
TOTAL 2072 2307 2056 2184 1962 1435
BRACHYTHERAPY ,

Head/neck 80 25 28 50 0 52
Breast 0 0 0 0 0 0
Gynaecological tumour 498 1157 440 1206 1151 1194
Prostate 0 0 0 0 0 0
Intravascular brachytherapy 0 0 0 0 0 0
(@thcrmmms 0 0 17 16 0 0
TOTAL 578 1182 485 1573 1151 1246
SPECIAL TECHNIQUES ,

Intraoperative radiation therapy 0 0 2 0 0 0
Total body irradiation 2 4 7 0 0 0
Total lymphoid irradiation 0 1 0 0 0 0
Stereotactic irradiation 0 0
- Intracranial 0 0 302 4 0 0
- Extracranial 0 0 20 0 0 0
Intensity-modulated radiation therapy (IMRT) 270 216 0 76 0 0
Image-guided radiation therapy (IGRT) 0 B8] 179 0 0 0

o 4 P Y o
1. 1RYAMBUNN UL 2553 2. m@uymu}m FNLLA NNTNAN-TUIAN 2552
o I ° <

3. auaugilan L 4. uUAT
5. dayaiuiuauiuaiafidiloann (visit) Tdldse 6. Linear accelerator 6 MV with SRS/SRT(X-knife-+Cyberknife)
7. included conebeam CT in IMRT and 3D cases
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THASTRO ANNUAL SURVEY 2009-10

ces, Manpower and Equipments in Thailand Radiotherapy Center

Institution N A IR TNIIY ] TN TN TH.ATAAD
. . . . unsIEN| Jiuaylan [asAnd
MANPOWER |
24
[Number of radiation oncologists 4(3) 3(0) 4(0) 4(0) 1(0) 2(0) 1(0)
Number of medical physicists 3(0) 1(0) 1(0) 4(0) 1(0) 2(0) 0
Number of radiotherapy technicians 6(0) 3(0) 7(0) 7(0) 4(0) 6(0) 0
[Number of nurses 4(0) 2(0) 6(0) 3(0) 2(0) 3(0) 0
EQUIPMENTS ,
Low-energy X ray 0 0 0 0 0 0 0
Co-60 1 0 1 0 2 1 0
Linear accelerator low energy without electron 0 0 0 0 0 0 0
Linear accelerator low energy with electron 0 1 1 0 0 0 1 at Pitsanulok |
Linear accelerator high energy 1 0 0 2 0 0 0
Linear accelerator high energy with IMRT 1 0 0 1 0 0 0
Linear accelerator high energy with SRS/SRT 0 0 0 0 0 0 0
Gamma Knife 0 0 0 0 0 0 0
Treatment planning system (WS=workstation) 12 WS) 1 1 1 1 1 0
Conventional simulator 1 1 1 1 1 1 1 at Pitsanulok
CT simulator 1 0 1 1 0 0 0
Brachytherapy manual after loading unit 0 0 0 0 0 0 0
Brachytherapy remote after loading unit LDR 0 0 0 0 0 0 0
Brachytherapy remote after loading unit MDR 0 1 0 0 0 0 0
Brachytherapy remote after loading unit HDR 1 0 1 1 1 0 1 at Pitsanulok
Intravascular bachytherapy system 0 0 0 0 0 0
PATIENTS ,
[Number of patients consulted per year 604 570 1044 1391 1264 324 132
[Number of treated per year - new cases 590 201 871 891 1037 324 67
[Number of treated per year - old cases 14 23 93 168 97 0 5
RADIOTHERAPY SERVICES ,
TELETHERAPY
Leukaemia 9 1 3 2 0 0
Lymphoma Hodgkin } 1 8 15 1 1
Lymphoma Non-Hodgkin 22 10 12 8 0
Breast 117 46 84 111 162 31 26
Lung/thorax tumours 135 22 35 32 86 56 6
Cervix 104 36 114 241 182 44 28
Uterus 12 0 39 1 2
Ovary 8 2 3 4 0
Gynaecological tumours (other) 25 4 31 0
Head/neck tumours Nasopharynx 21 8 51 38 60 1 0
Head/neck tumours Non-Nasopharynx 57 31 118 248 172 61 0
Brain 14 16 70 79 38 37 0
Skin 2 1 1 9 4 2 0
Bladder 7 1 11 13 25 1 0
Prostate 23 5 0 17 9 3 2
Testis 5 0 2 4 0
Other urological tumours 6 15 0 5 13 0
colon and rectum 36 11 36 39 78 13 9
Other digestive tumours 7 25 25 33 19 1
Paediatric tumours
- Brain 0 0 0 0
- Lymphomas 0 0 0 0
- Neuroblastoma 0 0 0 0
- Rhabdomyosarcoma 0 0 0 0
- Wilm's tumour 0 0 0 0
- Other paediatric tumours 0 0 0 0
Bone and soft tissue tumours 18 14 77 67 10 0
Benign diseases 2 2 3 0 0
Unknown primary tumours 1 4 19 3 28 1
Other ........ 10 1 55 241 0
TOTAL 604 226 693 1059 1134 2
BRACHYTHERAPY ,
Head/neck 0 0 0 1 0 0 0
Breast 0 0 0 0 0 0 0
Gynaecological tumour 261 150 271 554 202 0 66
Prostate 0 0 0 0 0 0 0
Intravascular brachytherapy 0 0 0 0 0 0 0
(DTCT— 0 0 0 2 0 0 0
TOTAL 261 150 271 557 202 0 66
SPECIAL TECHNIQUES ,
Intraoperative radiation therapy 0 0 0 0 0 0 0
Total body irradiation 0 0
Total lymphoid irradiation 0 0 0 0 0 0 0
Stereotactic irradiation 0
- Intracranial 0 0 0 0 0 0 0
- Extracranial 0 0 0 0 0 0 0
Intensity-modulated radiation therapy (IMRT) 0 0 0 0 0 0 0
Image-guided radiation therapy (IGRT) 0 0 0 0 0 0 0
o 4 > Y o
1. 1RYAMBUNN UL 2553 2. “]J‘ﬂﬂmﬂﬂu}‘ﬂ FNLLA NNTNAN-TUIAN 2552
o I ° <
3. auaugilan L 4. AUIUATY
5. dayaiuiuauiuaiafidiloann (visit) Tdldse 6. Linear accelerator 6 MV with SRS/SRT(X-knife-+Cyberknife)
7. included conebeam CT in IMRT and 3D cases
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THASTRO ANNUAL SURVEY 2009-10

Services, Manpower and Equipments in Thailand Radiotherapy C

Institution AUoUMIIFTIRINI 0| TUAONTO] A0 ITNEG A uNITvalys [ 9955 uTl q QUATIYT |ﬁ'|
Uil . . F¥ans 9A5511 QUasyEIil

MANPOWER ,

fulltime(parttime)

Number of radiation oncologists 2(1) 1(3) 4(0) 2(0) 1(0) 4(0)
Number of medical physicists 2(0) 3(0) 2(0) 2(0) 1(0) 2(0)
Number of radiotherapy technicians 5(0) 6(0) 7(0) 5(0) 3(0) 8(0)
'Number of nurses 5(6) 4+PN3(0) 10(0) 6(0) 4(0) 7(0)
EQUIPMENTS ,

Low-energy X ray 0 0 0 0 0 0
Co-60 1 0 1 2 1 1
Linear accelerator low energy without electron 0 0 2 0 0 1
Linear accelerator low energy with electron 1 0 0 0 1 0
Linear accelerator high energy 0 1 0 1 0 1
Linear accelerator high energy with IMRT 0 1 0 0 0 0
Linear accelerator high energy with SRS/SRT 0 1 0 0 0 0
Gamma Knife 0 0 0 0 0 0
Treatment planning system (WS=workstation) 1 13 WS) 2 2 1 0
Conventional simulator 1 1 1 1 1 1
CT simulator 0 1 1 0 0 1
Brachytherapy manual after loading unit 0 0 0 0 0 0
Brachytherapy remote after loading unit LDR 0 0 1 0 0 0
Brachytherapy remote after loading unit MDR 0 0 0 1 0 0
Brachytherapy remote after loading unit HDR 1 1 1 1 1 1
Intravascular bachytherapy system 0 1 0 0 0 0
PATIENTS ,

Number of patients consulted per year 1492 311 1478 1237 1080 23234 visit
'Number of treated per year - new cases 1214 278 1067 } 25168 776 1550
Number of treated per year - old cases 8 165 b 149 1769
RADIOTHERAPY SERVICES ,

TELETHERAPY ,

Leukaemia 3 0 0 30 3

Lymphoma Hodgkin 8 0 7 } 4 12
Lymphoma Non-Hodgkin 16 4 17 63 24 20
Breast 246 28 129 1,484 173 293
Lung/thorax tumours 115 21 111 564 73 127
Cervix 169 43 215 1643 136 228
Uterus 23 2 10 30 27
Ovary 6 1 1 10 0 3
Gynaecological tumours (other) 2 1 13 10 7 31
Head/neck tumours Nasopharynx 73 18 96 48 }
Head/neck tumours Non-Nasopharynx 237 14 190 907 60 227
Brain 30 5 26 40 24 31
Skin 21 7 8 101 12 23
Bladder 10 0 2 60 6 13
Prostate 13 4 9 19 3 27
Testis 0 0 0 15 2

Other urological tumours 10 0 3 10 9 2
colon and rectum 132 27 87 } 321 52 96
Other digestive tumours 67 11 27 18 1
Paediatric tumours =

- Brain 0 0 17 30 0 4
- Lymphomas 0 0 4 60 0 1
- Neuroblastoma 0 0 6 = 0 10
- Rhabdomyosarcoma 0 0 1 = 0

- Wilm's tumour 0 0 2 o 0 2
- Other paediatric tumours 3 0 22 - 5 1
Bone and soft tissue tumours 6 4 0 50 13 25
Benign diseases 6 2 0 e 1

Unknown primary tumours 16 2 3 10 36

Other ........ 2 84 226 10 3 350
TOTAL 1214 278 1232 776 1554
BRACHYTHERAPY ,

Head/neck 0 0 91 1 2 102
Breast 0 0 59 0 0 11
Gynaecological tumour 685 116 612 398 191 692
Prostate 0 1 0 0 0 0
Intravascular brachytherapy 0 0 0 0 0 0
(@thcrsmes 0 0 0 0 0 3
TOTAL 685 117 762 193 808
SPECIAL TECHNIQUES ,

Intraoperative radiation therapy 0 0 0 0 0 0
Total body irradiation 0 7 (electron) 0 0 0 0
Total lymphoid irradiation 0 0 0 0 0 0
Stereotactic irradiation 0 0

- Intracranial 0 3 0 0 0 0
- Extracranial 0 0 0 0 0 0
Intensity-modulated radiation therapy (IMRT) 0 151 0 0 0 0
Image-guided radiation therapy (IGRT) 0 278 (res gate 10) 0 0 0 0
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3. auaugilan L 4. uUAT
5. dayaiuiuauiuaiafidiloann (visit) Tdldse 6. Linear accelerator 6 MV with SRS/SRT(X-knife-+Cyberknife)
7. included conebeam CT in IMRT and 3D cases
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THASTRO ANNUAL SURVEY 2009-10

ces, Manpower and Equipments in Thailand Radiotherapy Center

Institution fjl.lml:lﬂiﬁ'mnﬁ‘lﬂ uinzanN UONITIANI3] S AATMAD | A guoNzangam| TNANTYT TNTS)
Aqawind anha amyi i . mu, .

MANPOWER |

24

Number of radiation oncologists 1(1) 21) 3(0) 2(2) 2(8) 3(0) 5(0)

[Number of medical physicists 1(0) 2(0) 3(0) 4(0) (8) 4(0) 1(0)

Number of radiotherapy technicians 3(0) 6(0) 9(0) 7(0) 2(2) 7(0) 2(0)

[Number of nurses 3(0) 7(0) 9(0) 3(0) 42) 1(0) 4(0)

EQUIPMENTS ,

Low-energy X ray 0 0 0 0 0 0 0

Co-60 1 1 1 0 1 0 1

Linear accelerator low energy without electron 0 1 1 0 1 0 0

Linear accelerator low energy with electron 0 1 0 0 0 2 0

Linear accelerator high energy 0 1(with electron) 0 0 2 0

Linear accelerator high energy with IMRT 0 0 3 0 1 0

Linear accelerator high energy with SRS/SRT 0 0 1 0 0 0

Gamma Knife 0 0 1 0 0 0

Treatment planning system (WS=workstation) 1 2 2 48 WS) 0 3 0

Conventional simulator 1 1 1 1 1 1 1

CT simulator 0 1 0 0 0 1 0

Brachytherapy manual after loading unit 0 0 0 0 0 0

Brachytherapy remote after loading unit LDR 0 1 1 0 0 0 0

Brachytherapy remote after loading unit MDR 1 0 0 0 0 0

Brachytherapy remote after loading unit HDR 0 1 1 1 1 1 0

Intravascular bachytherapy system 0 0 0 0 0 0

PATIENTS ,

[Number of patients consulted per year 745 974 2402 2,116 243

[Number of treated per year - new cases 530 836 1500 296 695 451 163

[Number of treated per year - old cases 81 63 151 30 111 80 80

RADIOTHERAPY SERVICES ,

TELETHERAPY

Leukaemia 17 2 9 0 2 0

Lymphoma Hodgkin 7 4 2 0 15 6 2

Lymphoma Non-Hodgkin 4 18 11 8 24 1 2

Breast 86 165 269 71 174 82 22

Lung/thorax tumours 66 99 106 52 64 38 13

Cervix 81 138 310 31 91 31 9

Uterus 13 22 22 13 0 1 12

Ovary 4 2 2 1 5 2 2

Gynaecological tumours (other) 2 2 15 0 10 17

Head/neck tumours Nasopharynx 26 50 55 18 38 17

Head/neck tumours Non-Nasopharynx 137 91 363 24 47 44 6

Brain 23 18 37 17 90 30 44

Skin 7 3 21 5 2 6 1

Bladder 6 13 14 7 7 7 2

Prostate 4 5 12 14 4 31 2

Testis 9 1 1 2 5 0

Other urological tumours 12 3 12 4 22 0

colon and rectum 33 85 103 13 54 14 2

Other digestive tumours 32 21 53 10 13 11

Paediatric tumours

- Brain 0 0 0 0 3

- Lymphomas 0 0 0 0 0

- Neuroblastoma 0 0 0 0 1

- Rhabdomyosarcoma 0 0 0 0 0

- Wilm's tumour 0 0 0 0 0

- Other paediatric tumours 12 0 0 0 0

Bone and soft tissue tumours 16 10 8 125 70 116

Benign diseases 0 0 3 0 0

Unknown primary tumours 14 6 12 1 0 1

Other ........ 0 25 61 22 14 203 8

TOTAL 611 773 1500 324 806 562 243

BRACHYTHERAPY ,

Head/neck 0 0 29 0 0 2 0

Breast 0 0 1020 0 0 400 0

Gynaecological tumour 176 264 0 91 355 104 0

Prostate 0 0 0 0 0 86 0

Intravascular brachytherapy 0 0 0 0 0 0 0

(DTCT— 0 0 1 9 0 3 0

TOTAL 176 264 1050 100 355 595 0

SPECIAL TECHNIQUES ,

Intraoperative radiation therapy 0 0 0 0 0 0 0

Total body irradiation 0 0 2 0

Total lymphoid irradiation 0 0 0 0 0 0 0

Stereotactic irradiation 0 0

- Intracranial 0 0 0 11 0 0 0

- Extracranial 0 0 0 0 0 0 0

Intensity-modulated radiation therapy (IMRT) 0 0 0 143 0 62 0

Image-guided radiation therapy (IGRT) 0 0 0 86 0 70 0

o 4 > Y o
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3. auaugilan L 4. AUIUATY

5. dayaiuiuauiuaiafidiloann (visit) Tdldse 6. Linear accelerator 6 MV with SRS/SRT(X-knife-+Cyberknife)

7. included conebeam CT in IMRT and 3D cases
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THASTRO Mid-year Meeting 2010

September 25, 2010

Army Club Viphavadi, Bangkok “What’s new in 2010”

8.00 — 9.00 am

9.00 — 9.15 am

9.15 - 10.00 am

10.00 — 11.00 am

11.00 — 11.30 am

11.30 — 12.30 pm

12.30 — 13.30 pm

13.30 — 14.30 pm

14.30 — 15:15 pm

15.15 — 15.45 pm

Registration

Opening remarks

President of Thai Society of Therapeutic Radiology and Oncology
President of Thai Medical Physicist Society

President of Thai Society of Radiological Technologists

What's new in radiation therapy technology?
Dr. Chonlakiet Khorprasert, MD

"Overview of RapidArc: oncologist's perspective”

Dr. Michael K.M. Kam, Prince of Wales Hospital, Hong Kong (Varian)
Coffee break and Booth exhibition

“Challenge and hope in radiotherapy of hepatocellular carcinoma”
Profeesor Jinsil Seong , Yonsei University College of Medicine, Korea
(Tomotherapy)

Lunch

“The Long Road to a Paperless Department”

Dr. Fong Kam Weng , National Cancer Centre Singapore (Elekta)

“Unflat beams in the treatment of IMRT”

Mr. Justin Turpin (Siemens)

Coffee break and Booth Exhibition
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