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Planning Target Volume (PTV)
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and The ExacTrac 6D X-ray IGRT System in
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ABSTRACT

Background: In radiation therapy, setup uncertainty of patients affect the expected treatment outcome

and the addition of PTV margin is able to improve treatment accuracy.

Objective: To evaluate setup variations and calculated optimal PTV margins for prostate VMAT setup using
the ExacTrac image guided system with implanted fiducial marker registration and cone beam computed
tomography.

Materials and methods: A total number of 923 x-ray pair images and 271 CBCT images from 28 prostate
VMAT patients treated with TrueBeamSTx were observed. By daily online localization, the corrections
determined from initial laser setup, from the ExacTrac image system, and from CBCT were accumulated.
Positioning differences based on fiducial markers registration between Digitally Reconstructed Radiography
(DRR) images with the ExacTrac system and internal anatomy matching from CBCT were measured in right-
left (RL), supero-inferior (SI) and antero-posterior (AP) directions. The systematic (2) and random (G) errors

were calculated and determined PTV margin using van Herk margin formula (2.5% + 0.70).

Results: The setup uncertainty from laser alignment was 2.65+2.66 mm, 2.96+2.65 mm and 4.83+4.89 mm
in right-left (RL), supero-inferior (SI) and antero-posterior (AP) direction, respectively. With marker registration,
these uncertainties were reduced to be 0.64+0.77, 0.81+0.95, and 0.90+1.32 mm and the residual error,
when rechecked with soft tissue matching from CBCT, was still be 0.65+1.64, 0.80+1.99 and 0.90+2.01
mm in RL, SI and AP directions, respectively. The PTV margins based on implanted markers and ExacTrac

daily online correction were calculated to be 1.46, 1.86 and 2.11 mm. in RL, Sl and AP directions, respectively.

Conclusion: Frequent CBCT imaging verification presented a limitation in patient dose. Using the ExacTrac
x-ray system together with fiducial markers was found to be effective tool for daily setup verification.
However, the optimal PTV margin was strongly suggested to assess from both the inter and intrafractional

setup deviations.

Keywords: Fiducial marker, Prostate cancer, PTV margin, Systemic error, VMAT
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INTRODUCTION

Radiation therapy (RT) aims to deliver a radiation
dose to the tumor which is high enough to kill all
tumor cells while limiting the radiation received by
the normal tissue that surrounds the tumor. Prostate
tumor is the most commonly diagnosed male cancer
worldwide. Radiation therapy has been shown to
allow for good local control and very few side effects
with the use of higher radiation doses. With the
development of more sophisticated treatment
planning software and multileaf collimators, intensity-
modulated radiation therapy (IMRT) and volumetric
modulated arc therapy (VMAT) emerged as an
advanced form of shaped-field technique. Radiation
dose conformity in radiation therapy requires steep
dose gradients between planning target volume (PTV)
and adjacent organs which indicates some risk for
overdosing or underdosing structures in this border
region. Thus evaluating the uncertainties related to
patient setup is of great interest in defining the
optimal Clinical Target Volume (CTV)-PTV margins. As
we obtain steep dose gradients with IMRT or VMAT,
more delicate image guidance devices is needed to
prevent marginal misses and unintentional hot spots
in critical organs. There are various image-guided
radiation therapy (IGRT) options to correct daily
setup uncertain—ties and the positional variation of
the prostate. Patient setup error can be defined as
the difference between the actual and the planned
position of the patient with respect to the treatment
beams during irradiation. To ensure the radiation
beam was delivered to the treatment target
accurately, it is very important that RT center should
assess their setup accuracy.

The IGRT options include kilovoltage (kV) or
megavoltage (MV) portal imaging”, ultrasound?, in-
room computed tomography™ (CT), various MV and
kV cone-beam CT® (CBCT) techniques, the ExacTrac
system@ (BrainLAB, Feldkirchen, Germany), and most
recently, electromagnetic transponders®. Currently,
there is growing interest in the use of intra-prostate
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fiducial markers to serve as a surrogate of prostate
position. With two-dimensional and three-dimension-
al image systems, the fiducial-based image guidance
has become an effective technique for patient posi-
tioning and repositioning. At the present, there was
limitation about the investigation of setup error using
the ExacTrac x-ray system for prostate VMAT treat-
ment with fiducial markers implanted.

The aim of this study was to investigate of the
optimal PTV margin for prostate planning by using
the implanted fiducial markers and the ExacTrac
stereoscopic kV-imaging system to determine the
systematic and random setup uncertainties from
prostate cancer patients treated with VMAT technique
at the Division of Radiation Oncology, Department of
Radiology, Faculty of Medicine Siriraj hospital, Mahidol
University.

METHODS AND MATERIALS

Patient Selection

A total number of 28 prostate cancer patients
treated with TrueBeam STx linear accelerator were
retrospectively studied. Two weeks before the CT
simulation, all patients were implanted with 3 fiducial
markers in the prostate gland with the guidance of
trans-rectal ultrasound. To obtain the 3D dataset for
planning, imaging protocol for all patients were given
bowel preparative regimen by laxative drugs a few
days before CT simulation and day of scanning, all
patients drank 600cc of water and recording of full
bladder time to control volume of bladder during
CT scanning. CT images of each patient from third
lumbar spine (L3) down to mid of thigh in 3mm slice
thickness was taken in the supine position with knee
support immobilization device using Philips BigBore
CT scanner (Philips Medical Systems, Cleveland, OH).
All scanning images were exported to the Eclipse
treatment planning system (Varian Medical System,
Palo Alto, CA) for the organ contouring. The structure

of prostate gland, seminal vesicles, pelvic lymph



node, bladder, rectum, bilateral femoral head and
penile bulb in each patient were delineated by

responsible physician.

The inverse VMAT planning consisted of 2-3 arcs
with 10 MV, 600 MU/min dose rate was generated.
Dose optimization and calculation were performed
with the Eclipse treatment planning system version
10 with AAA dose calculation algorithm. All patients
were treated with Varian TrueBeam STx linear
accelerator. The machine is equipped with HD120
MLC that consists of total 60 leaf pairs, 32 leaf pairs
of 25 mm at central leaves and 28 leaf pairs of 5
mm. at outer leaves. The IGRT is an integrated system
between CBCT from On Board Imager (OBI) system
and the ExacTrac stereoscopic x-ray system which
composed of two infrared cameras for patient
positioning, two pairs of KV x-ray sources and
detectors for target localization. Both of systems were
used for pre-treatment image verification of the
patients. At our institution, imaging verification
protocol in prostate cancer, started by using in-room
laser for initial setup of patient positioning. Then,
imaging a patient on treatment couch was undertaken
with a radiographic kV x-ray imaging to correct the
patient positioning for laser setting up. Positioning
deviation was obtained by registration and fusion the
implanted fiducial markers seen on the stereoscopic
x-ray pair images with the Digital Reconstructed
Radiography (DRR) reference images from the planning
CT. The information of six-dimensional (6D) positioning
deviation allowed the radiation therapists to readjust
of patient positioning using 6D couch movement and
a second pair of stereoscopic x-ray image was
performed to recheck the positioning accuracy.
Finally, before the irradiation beam on, the CBCT
imaging from on board imager was used to verify the
patient positioning again by based on soft tissue

(5

contrast.” Our IGRT protocol for prostate cancer was

daily pre-treatment stereoscopic x-ray pair images

for every fraction. CBCT imaging in the first three
fractions and weekly was performed to recheck up

the accuracy after the x-ray radiograph verification.

Calculation of PTV margins

To determine the PTV margin, treatment
preparation (systematic) error and treatment
execution (random) error have been evaluated using
the x-ray pair images from patients. PTV margin in
this study was determined according to the formula
proposed by Van Herk et al.(7,8) This margin was
provided with a concept that a minimum 95% of
prescription dose must cover the CTV with 90% of
the patient population and can be calculated from
the equation, 2.52. + 0.70. Where, 2. is the treatment
preparation (systematic) error and G is the treatment
execution (random) error. The systematic error was
calculated from the standard deviation of mean set
up error for individual patient and the random error
was defined by computing the root mean square of

the standard deviation in each individual patient.

RESULTS

Interfractional prostate motion

Table 1. summarizes translational variation in
mm. for prostate cancer patients. On 28 patients, the
total number of acquired x-ray pairs was 923 images
and 271 OBI CBCT images. The mean+standard
deviation (SD) of interfractional movement assessed
from laser alignment setting up was 2.65+2.66 mm
in right-left (RL), 2.96+2.65 mm in supero-inferior (SI),
and 4.83+4.89 mm in antero-posterior (AP). Based on
a pair of planar stereoscopic x-ray images and the
fiducial markers, the displacement was reduced to
be 0.64+0.77 mm in RL, 0.81+0.95 mm in SI, and
0.90+£1.32 mm in AP. Using the anatomical matching
with CBCT, the residual setup error was found to be
0.65+1.64 mm in RL, 0.80+1.99 mm in S| and
0.90£2.01 mm in AP respectively. It was observed
that the higher deviation was most likely in AP
direction.
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Table 1. Interfractional setup variations for prostate cancer patients in different setting-up technique.

Mean (mm) SD (mm)
Technique
RL Sl AP RL Sl AP
Laser setup 2.65 2.96 4.83 2.66 2.65 4.89
Marker 0.64 0.81 0.90 0.77 0.95 1.32
Soft tissue 0.65 0.80 0.90 1.64 1.99 2.01

Notes: RL = right-left, SI = supero-inferior and AP = antero-posterior

Determination of PTV margins

According to Van Herk’s formula, PTV margin in
different setting-up techniques was determined and
presented in Table 2. With laser setting-up, the cal-
culated margins in RL, SI and AP direction was 6.19,
8.08 and 13.79 mm, respectively. If based on the
fiducial markers, the PTV margins was reduced to be
1.46,1.86 and 2.11 mm in the RL, Sl and AP directions,
respectively. Lastly, setup uncertainty assessed from
CBCT images provided the PTV margins to be 3.73,
3.22 and 4.70 mm in the RL, SI and AP directions,
respectively. The higher setup deviation was detected
in the AP direction. This data resulted in the larger
margin in AP direction when compared to the other
directions.

DISCUSSION

Setup uncertainty assessed from 3 methods in
this study clearly showed that the laser alignment
technique provided the highest setup deviation when
compared to the others. This is from a fact that laser

setup was based on 3 points of intersection on
patient’s skin which cannot be related to the
movable internal organ motion such as prostate
gland. For fiducial marker matching, the detection of
setup variations was reduced due to the marker seeds
was able to track the prostate volume more precisely.
About the problem of migration, it was proven by
Poggi et al.” that the overall migration of all seeds
was less than 1 mm.

However, using the ExacTrac system with fiducial
marker, the technique provided only 2D x-ray
projections and the optimal seed position in prostate
gland is highly needed in this technique. Thus, the
volumetric soft tissue registration of anatomical organ
which was provided from CBCT should be more
effective to recheck the setup error which obtained
from the marker matching technique only. The results
from CBCT presented the similar mean or systematic
setup error, while the standard deviation or random
error showed a slightly higher in soft tissue matching
when compared to marker technique.

Table 2. PTV margin for (assessed from interfraction setup error only) based on laser setup, markers and soft

tissue registration.

PTV margin (mm)

Technique

RL SI AP
Laser setup 6.19 8.08 13.79
Marker 1.46 1.86 2.1
Soft tissue 3.73 3.22 4.70

Notes: PTV = planning target volume, RL = right-left, S| = supero-inferior and AP = antero-posterior
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Comparison with other studies which also used
the ExacTrac system to define setup uncertainty and
margins in prostate cancer. There were studies from
Alonso-Arrizabalaga et al."” Kim et al.*Yand Chi et
al.™Pwith their results and registration technique were
presented and compared with our findings as shown
in Table 3. It can be seen that our result was shown
in the same direction when compared to the other
studies. However, a higher setup deviation in the RL
direction was observed, and this may be from our
prostate cancer patients in this study including the
low risk, intermediate risk and also a high risk that
consist of pelvic lymph node, and this might be a
cause of increase lateral deviation in this study.

About the PTV margin determined from the
marker technique, our results were shown
approximately at 2 mm. margin for all directions while
margin from the study of Alonso-Arrizabalaga et al.
presented in the range of 4.4-6.6 mm. as shown in
Table 4. The difference in PTV margin should be the
result of different image verification protocol. In our
center, patients were performed with online daily
imaging verification, while margin was calculated
based on offline protocol using the ExacTrac x-ray
images in first five fractions in the study of
Alonso-Arrizabalaga et al.

Table 3. Interfractional setup uncertainty assessed from ExacTrac system and registration techniques in various

studies.
Registration Setup uncertainty (mm)
Study
method RL Sl AP
Alonso-Arrizabalaga et al"” markers 0.00£1.20 -0.60£1.70 -0.20£2.00
Kim et al."” bone -0.20+0.30 0.60+2.00 -0.80+1.80
Chietal."™” markers 0.202.21 -1.0942.21 0.93+2.70
Our results markers 0.64+0.77 0.81+0.95 0.90£1.32

Notes: RL = right-left, S| = supero-inferior and AP = antero-posterior

Table 4. Comparison of interfractional PTV margin in prostate cancer using the ExacTrac system studies.

PTV margin (mm)

Study
RL Sl AP
Alonso-Arrizabalaga et al.(10) 4.40 5.90 6.60
Our results 1.46 1.86 2.1

Notes: PTV = planning target volume, RL = right-left, S| = supero-inferior and AP = antero-posterior

Limitation of this study was the calculated PTV
margins were based on population systematic error
and random error which analyzed from the
interfractional data only. Typically, PTV margin should
be computed from both of the inter and intrafractional

motion. There was a suggestion, even the setup error,
mainly found in the interfraction treatment. However,
the intrafraction deviation, especially for the prostate
cancer™, should be investigated and will be applied

in further study.
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CONCLUSION

The ExacTrac x-ray system together with fiducial markers was found to be effective tool for setup verifica-
tion. However, to determine the optimal PTV margin, the setup deviations should be assessed from both the
inter and intrafractional data. In addition, with an appropriate imaging protocol, more detail of 3D anatomical
data from CBCT was also an effective method to improve treatment accuracy.
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Dosimetric Comparison of Stereotactic Radiotherapy Treatment
Planning between Three Dimensional Conformal Radiation
Therapy and Tomotherapy for Brain tumor
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" Division of Therapeutic Radiology and Oncology, Department of Radiology, Faculty of Medicine, Chiang Mai University, Thailand.

ABSTRACT

Backgrounds: Stereotactic Radiotherapy (SRT) for brain tumor must have highly accuracy of radiation to
get the maximum radiation dose to the lesions while organs at risk (OARs) receives the minimum radiation
dose. The research found that the Helical Tomotherapy (HT) is used in SRT for brain tumor. The study was
done retrospectively to plan and compare SRT with HT.

Objective: To plan SRT with HT for brain tumor and compare dosemetric parameters of planning target
volume (PTV) and OARs with three-dimensional radiotherapy (3DCRT) using a linac with micro-multileaf
collimator.

Materials and Methods: This is a retrospective study for SRT treatment planning comparison between HT
and 3DCRT using a linac with micro-multileaf collimator. The CT images of 17 brain tumor cases who
received SRT were used to generate HT planning. The comparison dosemetric parameters of PTV were
conformity index (CI) and homogeneity index (HI). The OARs were brainstem, optic chiasm, optic nerves
and eyes. The comparison dosemetrics parameters of OARs maximum dose (Dmax), minimum dose (Dmin)
and mean dose (Dmean). The whole brain dose parameters were D50 and integral dose.

Result: The result showed the Cl of PTV were 1.15, 1.51 and the HI of PTV were 6.51%, 9.64% for HT and
3-DCRT, respectively. There were no statistically significant differences. For OARs, Dmax, Dmin and Dmean
of brain stem, optic nerves and eyes in HT plan were higher than 3-DCRT plan. There were statistically
significant differences of Dmax, Dmean at the eyes and Dmin at the optic nerves. However, Dmax and Dmin
of the optic chiasm of HT were less than 3-DCRT but there was no statistically significant difference. For
the whole brain, D50 and integral dose of HT plan were 0.4 and 3.32 Gy, respectively.

Conclusion: The comparison of SRT treatment planning for Brain tumor, the HT plan showed better Cl and
HI of PTV than the 3-DCRT plan. The HT was an appropriate SRT technique for Brain tumor. Although the
HT had low dose spread out to surrounding normal tissues, the normal tissue tolerance did not exceed.

Keywords: Stereotactic Radiotherapy/ Helical Tomotherapy/ Three-dimensional radiotherapy/ Dosemetric

parameters
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a18svdlugidosu:1SusiauannuinisnyAd8INATANIS
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PLANNING TARGET VOLUME MARGIN DETERMINATION IN VMAT
PROSTATE REGION USING CBCT

nuasmi 1@anudey, Aad g5, 73 uaauieasTN
Kamonrat Sueangamiam, Sivalee Suriyapee, M Eng., Taweap Sanghangthum, Ph.D.

A998 ITANGRT NIATTINAINE ALUUINLAIART AIANNTOINIINE 18T
Medical Imaging, Department of Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

ABSTRACT

Backgrounds: In advanced radiation therapy technique, the determination of adequate clinical target
volume (CTV) to planning target volume (PTV) margin is mandatory to reduce dose and side effect to

normal tissue meanwhile increasing the dose to the tumor.

Objective:The purpose of this study is to determine PTV margins for prostate region in volumetric modulated
arc therapy (VMAT) based on inter and intra-fraction motion using cone beam computed tomography (CBCT)

images.

Materials and Methods: First, the QA for couch and imaging system were performed. Then 15 prostate
patients who treated with TrueBeam linear accelerator were acquired weekly CBCT image before and after
treatment and the CBCT images were registered to CT-simulator images with bony anatomy and natural
calcium matching. The position deviations from standard image in X, Y and Z directions were recorded.
The CTV to PTV margins were calculated using Van Herk’s equation according to random and systematic

errors approach.

Results: The mechanical test of couch movement was very accurate within 0.2 mm error. The image quality
of CBCT with pelvis protocol was good enough for IGRT due to passing all of the Varian criteria needed.
The software for image registration was also in good agreement between known shifted values and calculated
from the program with the maximum error of 0.6 mm. For clinical application, patient setup variations as
inter-fraction motion have greater effect than patient movement during treatment as intra-fraction motion
because of the patient fixation used and short time in VMAT treatment. The higher values in random error
than systematic error were demonstrated because the high accuracy of machine itself with good IGRT
system can reduce the systematic error; in contrast, the random error was unavoidable, especially from

the effect of bladder-rectum filling. From 8 mm margin in our routine protocol at King Chulalongkorn
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Memorial Hospital, the calculated PTV margins in the lateral (X), longitudinal (Y), vertical (Z) directions were
reduced to 6.38, 5.24 and 6.33 mm, respectively. The Y direction is less effect from bladder and rectum

filling and body change compared to other directions.

Conclusion: From our calculated margins, it is possible to reduce the dose to bladder and rectum and

improve the target coverage of prostate cancer patients who is treated with VMAT technique.

Keywords: CONE-BEAM COMPUTED TOMOGRAPHY (CBCT), PTV MARGIN, SETUP UNCERTAINTY
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I. INTRODUCTION

The aim of curative radiotherapy is to deliver a
high dose of radiation to the tumor tissue at the same
time contributes the minimum dose to the normal

tissues ™7

, 5o it is important to keep in mind that
margins needed to apply in three dimensions and
even a small margin reduction can result in a
significantly reduced irradiated volume. The
optimization in radiotherapy planning and treatment
are to keep the margin as small as possible. However,
it is also impossible to direct radiation perfectly well
to a target due to the patient movement and setup
uncertainty. Therefore, it is essential for radiotherapy
planning to define the suitable treatment target
margin. The errors can be mathematically divided
into systematic and random in the fractionated
treatment. The most important errors are setup
uncertainty, organ motion and patient movement
leading to day-to-day and intra treatment variations.
The optimum clinical target volume (CTV) to planning
target volume (PTV) margin is commonly calculated
using Van Herk’s formula for 2.5 standard deviation
(SD) of systematic errors plus 0.7 SD of random errors
(2.52+40.76)." The PTV margins needed to deliver
with 95% of the prescription dose in the CTV for 90%

of the patient could be computed.

Nowadays, the conformal radiotherapy and
image guided radiotherapy (IGRT)® have increased
the precision of radiation dose delivery and routinely
used in the treatment of cancers. The conformal
radiotherapy (CRT) provides dose distributions that
accurately shaped to the PTV. The 3DCRT is the
standard treatment technique that the treatment
fields are opened using multileaf collimator (MLC) to
conform the dose distribution to target shape. The
intensity modulated radiotherapy (IMRT) and
volumetric modulated arc therapy (VMAT) are
introduced as the modern radiotherapy treatment

techniques that provide very conform of high dose

according to tumor volume while it can spare more
normal tissues simultaneously. VMAT® technique is
the most advanced treatment techniques that
delivers the radiation during gantry rotate around the
patient. The radiation doses can be modulated by
moving the MLC, adjusting the dose rate, and changing
the gantry speed. This technique can reduce the
treatment time of dose delivery and also organ
motion during treatment compared with previous
modulated treatment technique, IMRT. Therefore, it
is possible to reduce the CTV to PTV margin in order
to decrease the radiation exposure of a large volume

to normal tissues in VMAT.

The important factor of radiotherapy treatment
is not only the high conform doses to target and the
low dose to normal tissue, but the improving of
reproducibility of patient positioning is vital as well.
The immobilization devices with IGRT checking are
needed for this issue. The on-board imager (OBI) is
attached to the treatment machine for the beam
verification purpose that is able to create the 2D or
3D images. The kV cone beam computed tomography
(CBCT) is one of the good choices of IGRT modalities
that can show the high quality 3D image and used
to increase geometric precision of patient setup error.
The imaging of patient anatomy on the treatment
machine just prior to each daily dose fraction provides
an accurate knowledge of the target location on a
daily basis and helps with the daily patient set-up as
the inter-fraction motion to check the setup position.
For patient movement during treatment, it can be
defined by intra-fraction motion that acquired from
post-treatment CBCT compared with the pre-
treatment CBCT.

Juan-Senabre X J, et al " studied the uncertainties
and CTV to PTV margins quantitative assessment
using IGRT. A total of 100 prostate and 26 head and
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neck cancer patients treated with 3D CRT and used
Van Herk’s formula to calculate margin. The result
showed the CTV to PTV margins in the three
dimensions (right-left, superior-inferior, anterior-
posterior) were (5.3, 3.5, 3.2) mm for H&N and (7.3,
7.0, 9.0) mm for prostate cancer treatments. The PTV
margin of prostate was more than head and neck
region and PTV margin of prostate in AP direction was
more expansion than the other direction because of

the effects of bladder and rectum filling.

The purpose of this study is to determine
adequate PTV margins in VMAT of prostate cancer
patients based on inter-fraction and intra-fraction

motion using CBCT technique.
Il. MATERIALS AND METHODS

The patients were treated in Varian TrueBeamTM
linear accelerator (Varian Medical system, Inc, Palo
Alto, USA) with the On-Board Imager (OBI) version 2.0
and Eclipse treatment planning version 11.0.3 (Varian
Medical System, Palo Alto, CF, and USA). First, the
measurements were undertaken for QA of couch and
imaging system so that the accuracy of couch
position, the quality of images and accuracy of image

registration were verified.

Quality assurance of couch and imaging system

A. The accuracy of couch position.

The accuracy of couch position indicator is an
important part to verify. The source to surface
distance was set at 100 cm. Then the couch was
moved to various distances (-50,-20,-10,-5.0, 5.0,10,
20, 50 mm) in lateral, longitudinal and vertical
directions according to the accurate measurement
tape. The shifted couch positions were read on the

in-room monitor and the results were recorded.

B. The quality control of CBCT images.
The center of CATPHAN 504 phantom was placed
on the treatment couch at the imaging isocenter. The
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pelvis CBCT protocols were selected for scanning of
phantom. The CBCT images were analyzed according
to Varian acceptance test protocol for density
calibration, spatial linearity measurement, image

uniformity, high and low contrast resolution.

C. The accuracy of image registration software.

This part was the verification of image registration
software using the Alderson Rando phantom. The
phantom was scanned at pelvis region by CT
simulator scanner with 120 kVp, 2.5 mm thickness
and automatic mAs. The image data was exported
to the Eclipse treatment planning system (TPS). The
setup fields were created in TPS and the plan was
exported to treatment workstation. The Rando
phantom was placed in treatment room using laser
systems to achieve the same position as set in CT
simulator room. After that, the known couch shift
values of -20,-10, -5, 5, 10, and 20 mm for all axes
were applied and the CBCT was performed. Then,
the automatic software matching was employed and

the displayed couch shifts values were recorded.

Clinical application for CTV to PTV margins in prostate
cancer.

The 15 prostate cancers were employed in the
setup error and patient movement during treatment
for CTV to PTV margins determination. A total of 240
assessments using CBCT were performed for weekly
CBCT before and after treatment. The ethics approval
was obtained by Faculty of Medicine, Chulalongkorn
University. The signed informed consent was acquired
in order to allow the acquisition of multiple CBCT

during the treatment.

«  Patient preparation and planning

For prostate cancer treatment, the patients were
setup in supine position on treatment couch with
foot support and the skins were marked according
to the laser projections for patient positioning. A

non-flatulent diet was recommended to the patients



before CT scan and each treatment session to ensure
an empty rectum through-out the course of
treatment. The patient preparation was 500 ml of
water drinking 20 minutes before CT scan and each
treatment session to achieve a full bladder. The 2.5
mm slice thickness were acquired from GE CT
simulator and exported to the TPS. The target and
critical structures were delineated by experienced
radiation oncologist. The CTV to PTV margins expan-
sion was 5 mm towards posterior direction (to limit
the volume of irradiated rectum) and 8 mm in all
remainder directions. The dose prescriptions were 80
Gy in 40 fractions with the daily fraction dose of 2
Gy for VMAT prostate treatment. The VMAT plan of
10 MV photon with 2 full rotational arcs was opti-
mized and calculated using RTOG prostate protocol
for normal tissue constraints. The patients were
treated in Varian TrueBeamTM linear accelerator

equipped with 3D on-board computed tomography.

« IGRT clinical protocol

The daily pre-treatment setup was based on
laser and skin marked established during simulation
process. The patient setup error as the inter-fraction
motion was performed using weekly CBCT before
treatment with parameters of Pelvis CBCT mode of
125 kV and 1080 mAs. The 120 images from inter-
fraction motion scenario were registered with the CT
planning images to obtain the shifts in the lateral (X),
longitudinal (Y) and vertical (Z) directions. The online
correction was applied by shifting the couch when
any translations less than 5 mm, while the reposition
was done if the shifted was larger than 5 mm. Patients
were treated after treatment couch repositioning. For
post-treatment, the intra-fraction motion represented
patient movement during treatment was checked
again using the second CBCT after completion of
radiation delivery compared with the pretreatment
image. The 120 images were also registered with the

planning CT scan images for acquiring the patient

movement verification. The translations of treatment
couch shifted were recorded. The bony anatomy and
natural mark calcification matching with automatic
and manual-match methods by experienced tech-
nologist were used for images registration between
weekly pelvic CBCT images and planning CT images.
The error in bony anatomy and natural mark calcifi-
cation registration for both registration methods were
determined from the position of one clearly defined

calcification in the prostate gland.

« CTV to PTV margin calculation

The first CBCT before irradiation was used to
calculate the setup error (Inter-fraction motion), while
the second CBCT after irradiation was used to analyze
the patient movement (Intra-fraction motion).The
CTV to PTV margins for all population of 240 images
set were calculated using Van Herk’s formula. The
X, Y and Z shifts of individual patient for patient
setup and patient movement errors were reported.
Then, the mean and SD of the systematic and random
error of individual and population were calculated.
The systematic error of population was represented
by the standard deviation of mean error for each
patient in various subgroups, while the random error
of population was defined by the mean error of
standard deviation for individual patient. The total
systematic and total random error can be calculated
from the root mean square of patient setup error
and patient movement as express in equation (1)
and (2). The suggested CTV to PTV margins from each
axis could be calculated by equation (3). This ensures
a minimum dose of 95% of that prescribed in the
CTV gets 90% of the patient.

Yot = Xlsetup + X°Patient movement (1)
G’tot = G’setup + G’Patient movement  (2)
PTVmargin = 2.52tot + 0.7Ctot (3)
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lll. RESULTS

Quality assurance of couch and imaging system

A. The accuracy of couch position.

The results of mechanical check of the couch
indicator are shown in table 1. The maximum differ-
ences between known couch shift and actual couch
position were only 0.2, 0.2 and 0.1 mm deviation in
lateral (at -5.0 mm shift), longitudinal (at 10.0 mm
shift) and vertical (at -10.0 mm shift), respectively.

B. The quality control of CBCT images.

»  Density calibration

The reading values of the HU of air, acrylic and
LDPE are shown in table 2.The mean HU of air,
acrylic and LDPE were -991.29, 121.59 and -89.82,
respectively. The maximum HU differences compared
with specification was 10.2 HU that less than 50 HU
from specification. (Figure 1)

Figure 1 Density calibration (a) diagram, (b) image result

+  Spatial linearity (Distance)

The checking accuracy of distances between the
verification holes located (three Air and one Teflon)
on Catphan phantom using the measuring tool are
shown in table 3. Two vertical lines (position 2 and
4) had the error of -0.2 mm and two horizontal lines
(position 1 and 3) showed the error of 0.1mm those
were less than the specification limit of +0.5 mm.
(Figure 2)
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« Image uniformity

The results of checking image uniformity are
shown in table 4. The difference in HU between
center and position 1, 2, 3 and 4 were -10.8, -10.2,
-6.3 and -9.16, respectively. All of the measurement

results were within the limitation of 30 HU. (Figure 3)

«  High contrast resolution

The gauge can be clearly differentiated each
other at the fifth group, this represented to 5 line
pair/cm resolution of 0.1 cm gap size as illustrated
in table 5, while the high contrast resolutions criteria

of 4 line pair/cm is 0.125 cm gap size. (Figure 4)

Table 1: Couch position shift value

known Actual couch position (mm)
couch shift Lateral Longitudinal ~ Vertical
-50.0 -50.0 -50.0 -50.0
-20.0 -20.0 -20.0 -20.0
-10.0 -10.0 -10.0 9.9
-5.0 5.2 -5.0 -5.0
5.0 5.0 4.9 5.0
10.0 9.9 9.8 10.0
20.0 20.0 19.9 20.0
50.0 50.0 49.9 50.0

Table 2: The HU data for density calibration test

Differ- Pass/

Material ~ Specification  Actual ence fail
Air -1000+50 991.29 8.8 Pass
Acrylic 120+50 121.59 1.6 Pass
LDPE -100+50 -89.82 10.2 Pass



. Low contrast resolution

The results of 1% supra—slice contrast of low contrast reso-
lutions are illustrated in table 6. The biggest hole of supra-slice
at 1% target diameter that equivalent to 15.0 mm diameter was
the lowest criteria to be seen on the image. The whole circle

up to the hole number 6 which represents to 5.0 mm diameter

could be observed. (Figure 5)

Table 3: The distance for spatial linearity measurements test

Figure 2 The spatial linearity test

Position Sp(tait;i:ca- Actual(mm)  Difference Pass/fail
1 49.9 0.1 Pass
2 50 mm+0.5 50.2 -0.2 Pass
3 mm 49.9 0.1 Pass
4 50.2 -0.2 Pass

Table 4: Image uniformity test

Figure 3 The image uniformity module

HU Value Center

Calculated HU

Position HU Value #5) Difference Specification Pass/fail
Left(#1) 99.32 110.12 -10.8 +30HU Pass
Top(#2) 99.92 110.12 -10.2 Pass
Right(#3) 103.82 110.12 -6.3 Pass
Bottom(#4) 100.96 110.12 -9.16 Pass

C. The accuracy of image registration

software

The calculated couch shifts in lateral, longitudinal,
and vertical from automatic matching software are
illustrated in table 7. The maximum differences
between known shift value and actual shifted were
only 0.2, 0.6 and 0.6 mm error in lateral (at-20.0, -5.0
mm shift), longitudinal (at 10.0 mm shift) and vertical

(at 10.0 mm shift) directions, respectively.

Table 5: The high contrast resolution

Specification Actual Pass/fail

>4 line pair/cm 5 Pass

\"'\
/ N * \
~

| -
\ -
\ o /
(A 8 7
, W
“ W /

Figure 4 The high resolution module with 1 to 21 Ip /cm (a)

LR

diagram, (b) image result
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Clinical application for CTV to PTV margins in
prostate cancer

The calculated systematic (2) and random (G)
errors of patient setup error and patient movement
for population in lateral, longitudinal and vertical
directions are illustrated in table 8. The deviation

data were comparable for all axes.

The average of three directions result for
population of systematic setup error, systematic
movement, random setup and random movement
were around 1.5, 0.5, 2.7, and 1.0 mm, respectively.
The calculated PTV margins using Van Herk’s formula

in each direction are shown in table 9.

The result of the calculated PTV margins of VMAT
prostate cases were 6.38, 5.24 and 6.33 mm for lateral,

longitudinal and vertical directions, respectively.

IV. DISCUSION
Quality assurance of couch and imaging system

A. The accuracy of couch position

For this test, the maximum differences between
known couch shift and actual couch position were
only 0.2 mm error in lateral and longitudinal axes as
well as only 0.1 mm in vertical axis. The specification
of the couch traveling should coincide with the
digital display within + 2 mm according to the AAPM

TG 142 recommendation,”® therefore the very good

Figure 5 The low contrast module with supra- slice contrast

target (a) diagram, (b) image result

Table 6: The low contrast resolution at supra-slice
1%target diameters test

Specification(mm) Actual Pass/Fail

Target Size: 15.0 5.0 Pass

Table 7: Shifts value in image registration for

three axes
Known Actual shifted (mm)
shifted value | ateral  Longitudinal Vertical

-20.0 202 -19.9 -20.1
-10.0 -10.1 -10.0 -10.0
-5.0 52 46 51
5.0 5.0 5.4 5.0
10.0 9.9 9.4 94
20.0 19.9 19.7 19.6

Table 8: The calculated systematic and random of error and patient movement for patient population in

three axes.
Deviation (mm)
Parameters
Lateral Longitudinal Vertical

ZpopSet—up 1.59 1.37 1.59
Zpop Movement 0.49 0.28 0.59

Gpop Set-up 2.94 2.38 2.74
Gpop Movement 1.23 0.68 1.15
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Table 9: The calculated PTV margins of prostate cancer in each direction

Parameters Lateral (mm) Longitudinal (mm) Vertical (mm)
Ztot 1.66 1.40 1.70
Gtot 3.19 2.48 2.97

PTV margins 6.38 5.24 6.33

agreement results were actually obtained. It can be
confirmed that this mechanical movement of

treatment couch was very accurate.
B. The quality control of CBCT images

The CBCT images were analyzed according to
Varian acceptance test protocol for density calibration,
spatial linearity measurement, image uniformity, high
and low contrast resolution. The high image quality
of CBCT with pelvis protocol were obtained due to

passing all of the Varian criteria ! needed.

C. The accuracy of image registration

software

The results of the calculated couch shifts in
lateral, longitudinal, and vertical from automatic
matching software showed the very good agreement
in lateral direction with the maximum error of only
0.2 mm, while vertical and longitudinal gave the
larger deviation with maximum of 0.6 mm. The more
error in the latter directions might be the effect of
slice thickness in the axial CT slice reconstructed to
3D volume image that was more influence on verti-
cal and longitudinal than lateral direction. However,
these deviations were acceptable because the
maximum disagreement between known shifted and
calculated auto matching values were + 1 mm in all
three directions. The results were within criteria as
similar to the study from Djordjevic M."”, who
reported the accuracy of image registration software
with the automatic 3D/3D match for translational

shifts with an anthropomorphic phantom of 0.4+0.6,

0.8+0.6, 0.6+0.6 mm in vertical, longitudinal and
lateral directions, respectively. The uncertainty in
automatic image registration was £1 mm in all three
directions, his results was adequate uncertainty for

clinical use.

Clinical application for CTV to PTV margins in
prostate cancer

From the data, the uncertainty due to inter-
fraction motion was higher than intra-fraction motion,
indicated that the setup error had more effect than
the patient movement during treatment. The average
of three directions result for population in systematic
setup error, systematic movement, random setup
and random movement were 1.5, 0.5, 2.7 and 1.0
mm, respectively. The overall systematic and random
errors of this patient group together with the
calculated PTV margins using Van Herk’s formula in
each direction are shown in table 9. The higher values
in random error than systematic error were
demonstrated because the high accuracy of machine
itself with suitable immobilization system and the
same group of radiotherapist performed the patient
setup could reduce the systematic deviation. In
contrast, the random error was unavoidable, espe-
cially from the effect of bladder-rectum filling. These
results were the same trend as the studied from
Tanyi J.A., et al.™who reported the set up for prostate
cancer patients treated with IMRT. From this study,
the intra-fraction motion was less impacted than
inter-fraction motion and systematic error was also

less impacted compared with random error.
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The calculated PTV margins of VMAT prostate
cases were 6.38, 5.24 and 6.33 mm for lateral (X),
longitudinal (Y) and vertical (Z) directions, respectively.
The Y direction was less effect from bladder-rectum
filling. These margins were smaller than the study
from Juan-Senabre."who reported the margins of
7.30, 7.00 and 9.00 mm in left-right (X), superior-
inferior (Y) and anteror-posterior (Z) directions,
respectively, for 3D CRT treatment technique. The
difference from Juan-Senabre. were due to the
different machine model, immobilization used, the
smaller size of Thai patient and less treatment time

in VMAT treatment technique.

V. CONCLUSIONS

The quality assurance of the image system has
been carried out to verify the accuracy of the images
before collecting the patient data. The information
for the mechanical test of couch movement is very
accurate within 0.2 mm error. The image quality of
CBCT with pelvis protocol is good enough for IGRT
in pelvis region with Varian pelvis protocol due to
the passing of all Varian and AAPM criterions”
needed. The software for image registration is also
in good agreement between known shifted values
and calculated from the program with the maximum

error of 0.6 mm.

For clinical application, the inter-fraction setup
errors and intra-fraction patient movement can be
interpreted from pre- and post-treatment using CBCT
evaluation, the CBCT images are registered to CT

simulator images as a reference images with bony
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anatomy and natural calcification matching. The CTV
to PTV margins are calculated using Van Herk’s
equation according to random and systematic errors
approach. The results revealed the average of three
directions for population of systematic setup error,
systematic movement, random setup and random
movement of 1.5, 0.5, 2.7 and 1.0 mm, respectively.
From these results, patient setup variation between
fractions had more effect than patient movement

during treatment.

From 8 mm margins in the routine protocol at
King Chulalongkorn Memorial Hospital, it can cover
the calculated PTV margins in the lateral (X), longi-
tudinal (Y), vertical (Z) directions of 6.38, 5.24 and
6.33 mm, respectively. The Y direction is less effect
from bladder and rectum filling and body change
compared to other directions. From our calculated
margins, it is possible to reduce the dose to bladder
and rectum and improve the target coverage of
prostate cancer patients who is treated with VMAT

technique.
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Abstract

Solitary fibrous tumor of head and neck region is quite rare especially in nasal cavity and paranasal sinus

location. The main treatment modality for this tumor is surgery. To achieve good clinical outcomes, adequate

resection is needed. The role of adjuvant radiation, in case of inadequate resection, is still debated. We present

a case of a 49-year old male who had solitary fibrous tumor at left maxillary sinus. He underwent total

maxillectomy and his pathological reports showed positive margin. He then received post-operative radiation

at a dose of 6600 cGy and 6 cycles of chemotherapy consisted of doxorubicin, ifosfamide and mesna. Three

year after complete radiation, he remained without evidence of local recurrence and distant metastasis.

Introduction

Solitary fibrous tumor is an uncommon spindle
cell tumor which originates from mesenchymal cell.
It was firstly described by Klempere and Rabin in
1931. The most common site of this tumor is pleura.

However, it can occur in extrapleural regions such as
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liver, abdomen, extremities, urogenital tract and head
and neck. For head and neck, solitary fibrous tumor
was reported less than 0.1 % of all upper respiratory
tracts tumor. Moreover, it was rarely found in nasal

cavity and paranasal sinuses™*”



It usually presents with local compressive
symptoms which is difficult to distinguish from other
soft tissue tumor'™. The radiographic finding of this
tumor are nonspecific. Therefore, the diagnosis may
depend on histopathologic, cytologic and
immunophenotypic features. Most cases show
proliferation of spindle cell and ovoid cell in vascular
and collagenizedstroma. All cases are positive for
vimentin, CD-34, BCL -2 and CD-99[4,5].

For treatment, adequate surgery with negative
margin leads to favorable outcome. In patient who
cannot achieve clear margin, adjuvant radiation is
still debated®. So, we reported extremely rare case
of solitary fibrous tumor and has a good result from

multimodality treatment.

Case Report

A 49-year-old Thai male presented with mass at
left cheek. She underwent computerized tomography
of head and neck region. The study found large rim-
enhanced mass (size 5.5 x 6.7 x 5 cm) in left maxillary
sinus with expansion and bony destruction at lateral
wall as well as left zygoma without lymphadenopathy.
His computerized tomography of the chest was
normal. After that, the patient underwent biopsy and
the pathological report showed spindle cell lesion,
suggestive of solitary fibrous tumor (positive for CD-
34, BCL-2, CD-99, but negative for S -100 and desmin)
moderate to marked pleomorphismhypercellular
frequent mitosis 4/10. Therefore, he was treated with
total maxillectomy and the pathological finding
corfirmed malignant solitary fibrous tumor 5 x 4.5 x
3.8 cm, no lymphvascular invasion, positive medial,
lateral and superior maxillary sinus margin. After
surgery, he received post operative three dimensional
radiotherapy at dose of 6000 cGy to tumor bed and
6600 cGy to area of positive margin. He was then
treated with 6 cycles of chemotherapy consisted of

doxorubicin, ifosfamide and mesna. After complete

radiotherapy for 3 year, he remained without
evidence of locoregional recurrence or distant
metastasis. He had minimal trismus, dry eyes and dry

nose.

Discussion

As we know, solitary fibrous tumor is a tumor
which originated from mesenchymal cell and we can
find it in any site that have serosa. The most common

site of solitary fibrous tumor is pleura™”

The retrospective study of Bowe et al.l”
examined about solitary fibrous tumor in head and
neck and showed that all of solitary fibrous tumor
at nasal cavity presents with nasal congestion. The
other symptoms are epistaxis, rhinorrhea, headache
and facial pain.1 Furthermore, the comparative study
of Gold et al.” revealed that patients with extrathoracic
solitary fibrous tumor had less symptoms at
presentation than patients with thoracic solitary
fibrous tumor. 7 To diagnosis solitary fibrous tumor,
we can perform endoscope and Computerized
Tomography scan (CT scan) or Magnetic Resonance
Imaging (MRI scan). 2 Ganly et al. found that 80% of
CT scan findings of solitary fibrous tumor at head and
neck had homogenous enhancement, which were
different from CT scan findings of solitary fibrous
tumor at non-head and neck area according to study
of Wignall et al"*”. In addition, MRI scan of solitary
fibrous tumor demonstrated isosignal intensity to

muscle and brain in T1 and T2-weighted images.

For pathological diagnosis, there is difficulty due
to its various characteristics like other soft tissue
tumors. It is usually found proliferation of spindle
cell, ovoid cell in vascular and collagenisedstroma.
4,5 And mostly solitary fibrous tumors are positive
vimentin, CD-34, BCL-2 and CD 99. 2,4,5,6

The main treatment modality to treat solitary
fibrous tumor is surgery. And the most importance
factor which impact to clinical outcomes is
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resectability; the. more adequate surgery, the better
clinical outcomes. A retrospective study of Bowe et
alMrevealed that all patients underwent surgery and
10 of 13 patients had pathologically clear margins.
Only one patient treated with post operative
radiation. However, there was no local recurrence
among these patients. 1 Gold et al. examined about
correlation of clinicopathologic and solitary fibrous
tumor. They found that factors affected local
recurrence significantly in resectable solitary fibrous
tumor are recurrence on presentation, extrathoracic
location, macro/microscopic positive margin, more
than 4/10 PF of mitoses, necrosis and presence of
malignant components. They also recommended
that adjuvant radiation should be considered in case
of tumor size more than 5 cm or inadequate surgical
margin.7 For this case, tumor size was 5 cm and
surgical margins were positive medial, lateral and
superior. In addition, there were nuclear pleomorphism,
area of increased cellularity and mitotic index 4/10
HPF in this case , which were indicated malignant
features and affect tumor recurrence. So we
considered giving post- operative radiation to the

tumor bed.
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Body Radiotherapy, SBRT) un1sinwmdnlunguithensifeenszozisuduiliannsonidnld n1s@nwn Radiation
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WUy agil 70.8% uaz 30.2% muddy waznsAn
fgdlideauiedn madradssnnnsmeddfniu
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wanzan wililidn BED3 gaiufmuadilsinariludng
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$nwnduman (treatment failure) 71 12 e vadlusneu
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27 1 nenuanelS s dnnuANanveilaitie ey
598 AruantlR Bragg peak 1es5e@lilsnan
§1989a1n https://www.ptcri.ox.ac.uk/research/

introduction.shtml"?
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597 (depth dose curve) WeLszndng nansadlnmney
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#1989a7n http://www.sciencedirect.com/science/
article/pii/S0167814004004499"”
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UnAl#3u (mean lung dose) war Usinmendilésussd
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Role of stereotactic body

radiation therapy for hepatocellular

carcinoma

UNLWNTNE SAARZYA, finn gugassal
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UNAnga

TsruzSuvadauilulsainuliveslulsznalne {ledumnndnumuunmddefonnisinnifiuninfiesunis

Shwuvunisamenials TuefsvmmadeniidanerilaludUlenguilfien1svia Transarterial chemoembolization

W3alW targeted therapy whlllasanluiiagiu walian1sanesadlinnuinmvihtuegiwnn Jeilinsanessddn

wflunumanniusess) lunsshwdtheussagadsiu

untin

Iiﬂml,%q&fuLLazmaLauﬁwﬁﬁuﬂzymmmmqmﬁ
drfgludseinelng ndeyavesanituusiSuvvd
svrined WA, 2553 e W, 2555 lngnmsaaiadszne
wuilsaiifuuzeiinuanniiaelumese (gofinisal
33.9 au faUsEyINg 100,000 AL) kaznulndudusiy
aluends (aURn13ad 12.9 AU soUseyIns 100,000
A

TsruziSedudguadl fe Tsauzi3siiinannaniuiin
Unfivesduies (LildAnanuziieannatoazduuns
nszeUndiv) anansanuseenlaliu 2 vin audnuoug
yesgameiniafiuandsiu viausnAeusi3aeadsy
[Hepatocellular carcinoma (HCCO)] wavyiaiidesie
wziSaien [Cholangiocarcinoma (CCO)] ftagluiiiou
nnnavessznelnenuinduriin HCC wnndr CCC
sniulunianz Tueenideanilefinuiddndurevin
CCC wnnin’ Bsenmmeranosnann CCC dmmdurius

| 803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
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fun1s@amend Opisthorchis viverrini finuynnn1anA
nyfusenidoaniie’ saianmsutssnuesussui
flulnsediududiunan Teiideyaludninnassindu
Haduiinszdulsidninaaesiiiangnd Opisthorchis
viverrini agjuda linamesetAsnE (cholangitis) uay
Wilnvawierd (cholangiofibrosis) lfineTunasiseaos
amrihfuiladoidssesmaia ccc®
Ms3tody

Fapdlvgyiiiu HCC lussoriSususinlinesd
21MsAAUNA 819m53anuldaINNsI ultrasound vise
\912130An5391 Alpha Feto Protein (AFP) ilasilsadl
nsananusndueailiftheusetioinisseunds
eewns fhitluresies wiuies vanties fildee &
wiewmnmides vie ad1lateulutesies tnednllngy
the HCC fldwunisundnszarevedlsadaueitads
ofoarfiannsonunisunsnszanevadsaildfio ven
navgn dewminnle fuseunazdeuhiviesuiinine’



nitadegudulsa HCC Tulagduamnsavilese
M9EA519%Ue (fine needle biopsy) #38n1591
imaging 1 Computerized Tomography (CT) az/13e
Magnetic Resonance Imaging (MRI) n15%i1 biopsy
fofife draunsaianztudeldnsaumisaziimnugn
Aesgun unilveidedeiilaniaiin tumor seeding
Uszana 0.5-6.19%° 4wl track fvinsansdudnluh
Fuiidoanuingi Ferudugfine HCC dwismamssnmn
MBUINA8N19Y7 hepatic resection %38 liver
transplantation aglduuzilWidads HCC Aaensvi
biopsy is1ziilegfthedl tumor seeding MuANAIENAS
HUa8ardnind metastasis wazlaifiedn cure nsiald i
\Wunsdififaeléiunsyih biopsy Aeudwsinga 1ia
MRz LUzl wide excision 59U9) track U84
needle biopsy panludieiieantoniaiin tumor
seeding MNNNN1BUAS drunisitadedudulsanie

imaging 13A HCC qzilanwaiznis uptake intravenous
contrast media fisuwzfe hypervascularity T arterial
phase Wag washed out Tu portal/delayed phase [nm
7 1] venanilfianusaldnismsramen AFP ietaelu
nsatadelsn HCC Tameualduugihliladunisnsm
e iesaniianala (sensitivity) s (22-30%, T4
cut-off 71 200 ng/mL)* 7 AIsdewwi imaging AuAkl
shetane TnslanzegeBeiie HCC dusnninasd
underlying 1u chronic liver disease Sause 3991998
vlsidien AFP gluseduniisoguda lefl HCC (Anduen
anvagiinmsiidsuntandniies delilénsa imaging
s linainlonansiany HCC Ta°

WU (guidelines) Myatladey HCC Taglaidagi
biopsy deefunalsanivu WU European Association

for the Study of the Liver-European Organisation for

n’lwﬁ 1: NN CT liver Anutnanans hypervascularity 14 arterial phase Tnafa HCC §
A1 CT numbers 13z1n4 101 Hounsfield unit (HU) snusiiesuflaszanmy
79 HU 99ANUI0U&RS washed out i delayed phase Intisin HCC ddncT
numbers 1szanng 99 HU snusiiBesuiirtlszanng 117 HU

Research and Treatment of Cancer (EASL-EORTC)Y,
Korean Liver Cancer Study Group-National Cancer
Center Korea (KLCSG-NCC Korea)', American
Association for the Study of Liver Diseases (AASLD)"
e Asia-Pacific Association for the Study of the
Liver (APASL)*? dwisugfinefiasds HCC viorthungy
high risk el HCC (chronic hepatitis B infection,
chronic hepatitis C infection or liver cirrhosis from
any cause) lngn 5163 Tu guidelines vawnan1u
zi3ududnenisvi ultrasound deulase ieiveseslse

fifvwelvgindt 1 wuRuasiwefinnsands imaging
modality Suitevnisifadesel sniu suidelines
109 APASL Tilslanlavuinvesseslse delafimuiinuses
15A270 ultrasound 3891119899599 imaging modality
dudeluviudl Tunng guidelines Tmuddnyegnannn
fudnwalz enhancement 484 contrast media gz
fulsail (hypervascularity in the arterial phase and
washed out in the portal/delayed phase) Uauangia
U939 KLCSG-NCC Korea guidelines 310 guidelines 3
fie \iletaeseslsaanniavi ultrasound Aiflvunadnnin
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1 wufiums Ty guidelines duagldnsinmuseslsade
ultrasound w3l Uaelusi imaging Juse us
guidelines U89 KLCSG-NCC Korea ﬂviﬁumimmmmm
AFP meamamm delafinuiinuine AFP aa&uumma
fu 2 nss awuammsﬂﬂm imaging 9819UBY 2
modalities 1@ dynamic CT, MRI %38 gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid
(GA-EOB-DTPA) fethuuuamsmsiladendonsiadnnses
¥ HCC wuuiionamngdmiulsmenunanioaususse
Tulszmalnefivinwnaunied radiologist luiieswe
pe19l5AR U guidelines ¥4 KLCSG-NCC Korea lailguon
svevhesswhimsadenudazn Suaviunives AFP
Uaselidugasfiiavesunmddinnsinurindeledsay

#1156 imaging modality Suiisniiy usly KLCSG
guidelines version dauwﬁﬁﬁ’(version 2009) wagluuig
srearuienldan AFP 2200 ng/mL 1Huan cut-off Tse Ta
Henaaedl HC Tuffthemedug

mMswensnila:n1siuvs:g:uovlsa

MIUssiuANTULsLasn1INensallsa HCC dey
14 Child-Pugh (CP) score™ Fausznauluseiauds 5 &
udaheziuunsmiuiieussihesendu class fe
Tngaziuu 5-6 dLdu class A, azwuu 7-9 daidu class
B wazAzuuu 10-15 dadu class C s1wazidenves
parameter $1149) SauRaInsuYa grade ¥83 hepatic
encephalopathy"® uanslumnsnadi 1

A9 1 A1 parameter 6199 Tunsmun Child-Pugh score

Score
Parameters

1 2 3

Prothrombin time* (seconds prolonged) <4 4-6 >6
*{laqiiutlesldAn International Normalized Ratio (INR) 411 <17 1.7-2.2 >2.2
Hepatic encephalopathy** (grade) 0 -1l -1v
Albumin (g/dL) >35 2.8-35 <2.8

Total bilirubin (mg/dL) <2 2-3 >3

Ascites None Mild Severe

** Grading of Hepatic encephalopathy:

- Grade 0: Lack of detectable changes in personality or behavior. Asterixis absent.

- Grade [: Trivial lack of awareness. Shortened attention span. Impaired addition or subtraction. Hypersomnia, insomnia, or inversion of sleep

pattern. Euphoria or depression. Asterixis can be detected.

- Grade lI: Lethargy or apathy. Disorientation. Inappropriate behavior. Slurred speech. Obvious asterixis.

- Grade lll: Gross disorientation. Bizarre behavior. Semistupor to stupor.

- Grade IV: Coma

uenanidsdifiauslild Model for End-Stage
Liver Disease (MELD) score @slupouusnlidmsu
wensallsalugaefiidrfunissin Transjugular
intrahepatic portosystemic shunts (TIPS)" ugisiau 1wy
FansatsldnensailsadmiugUae HCC ome
uenanil MELD score Ssgmitluldusslonilunisdn
Sduniou-nds dmiuiilheiiseRiugnemedu (Orthotopic

' 21803 C)’]Sﬁ’]SHU’]ﬂUS\JHSﬂU’]Ha :180INeMiUS:INAINg
5 Un 23 auuil 1 unsAw - ouigu 2560

Liver Transplantation) A1 MELD score @uiailaiain
g#3 MELD score = 0.957 x loge(creatinine; mg/dL) +
0.378 x loge(total bilirubin; mg/dL) + 1.120 x loge(INR)
+ 0.643 x (cause of cirrhosis; 0 for cholestatic or
alcoholic, 1 for viral hepatms or other liver disease)
LLau‘W‘U'J’]ﬂ'W MELD score EJQZJ’]ﬂSUUQuaﬁJWUSﬂUEWﬁ’]ﬂ'ﬁ
Laﬂmmv]gwwaqm liver transplantation'’



AswUaszezvadlsatiimeiuatsseuuwanieuldwazaunsadaulesiunuinienissnuleae Barcelona Liver
Clinic (BCLC) staging system @laisuldunsiausitia.e. 1999 wasiinsusuugslnilula.a. 201018 seazi8unnannsnen 2

M1519i 2 Barcelona Liver Clinic Stages

BCLC stage ECOG performance status Tumor status Liver function status

0 0 Single €2 cm No portal hypertension

A 0 Single <5 cmor 3 CP* A-B
nodules <3 cm

B 0 Single >5 cm or CP A-B
multifocal disease

C 1-2 Vascular invasion or CP A-B
metastases

D 3-4 Any CPC

* CP: Child-Pugh score

n1sSnun HCC

wuamnen1s3ny HCC TullagUiumu BCLC staging and treatment strategy azuusnissnwisaniu curative,
non-curative Wag symptomatic treatments A0 2'°

Stage O Stage A-C Stage D

PS 0, Child-Pugh PS 0-2, Child-Pugh A-B PS >2, Child-Pugh C

1 1 1
Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal stage
Single <2 cm. Single or 3 nodules <3 cm, PS 0 Multinodular, PS 0 Portal invasion, N1, M1, PS 1-2
. | |

[3nodu[es§3 cm] [ Chemoembolization ] [ Sorafenib ] [ Symptomatic ]

Symptomatic

Portal pressure / bilirubin
[ Normal ] [ Increased ] [ No ] [ Yes ]

Liver Transplantation PEI/RF
(CLT /LDLT)

treatments

ANA 2: LUINNNNNNEN HCC WiNAN BCLC staging
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nsSnundnsudiosindowamevin (curative
treatments) awnsnriila 3 38

1. msehdin (Hepatic resection) 1u treatment
of choice uay gold standard dwiulsail® & 5year
survival rates 50-70% lnggtheagsadlasunsussiiv
A3TuTe iU mdsdaudrasindeosuiiss
ansavihnuldegifigane (functional reserve of the
residual liver) agnslsfirgthenguimngdmsumsng
ﬁaﬁ%ﬁﬁa@’ﬂw HCC BCLC stage 0 waw stage A du
single lesion wagdsliiinay portal hypertension
wiiu'®

2. m3sUgnanesiu [Orthotopic liver transplanta-
tion (OLT)] Wun1s¥nwidniduils Tunsalfifualsl
a1505UNSHGR hepatic resection Iilesanmnga
Uinadiu HCC LLasLﬁaﬁUﬁaQsam flou HCC vanly
wda fufimdevzldaunsornuldifisanefuainy
Foansvesiniy wiihefisinudeisild asdes
Lﬂuﬁﬂwﬁﬁ HCC Whudnunast Milan criteria® fastolud

n.  solitary HCC <5 cm v¥e i HCC l¢iunniian 3

lesions uazvuIALAaE lesion <3 cm

2. HCC uslay lesion dadlignandlulumasn

\don
a. Siliwuind extrahepatic metastasis 9524
W lymphnode uag distant metastasis

nmsisivdninaeitunsidenduieegnadusnil
Jevhlnan1ssnweeds liver transplantation 9nw1
fun lneazd d-year overall survival wag disease free
survival rates d1$UEUae? tumor 1 criteria 8E7 85%
wag 92% aua1ay d@ugUaen tumor Liiidn criteria uel
1asun99i liver transplantation 2zil 4-year overall
survival Ua disease free survival rates 8¢l 50% uag
o v o) ' g A o s v A
599% nuadu® agalsialiesnnuaninaeinisAnden
HUledeut1adunn viligdisuseniiiesonlvgy
1 . . . =3 4 a o .
n11 Milan criteria tanteetdalonialunisvia liver
transplantation U sstudslafinmsiiausnaninueii
HoUUTULINNIT Milan criteria 99n3nlag Francis Y. Yao,
etal” (UCSF criteria) Inewaninauiiiusznaulusae

| 803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
5 on 23 avun 1 unsiAu - JQuigu 2560

n.  solitary HCC <6.5 cm wi3e i1 HCC leannitam
3 lesions ka¥TWIALAAE lesion <4.5 cm Tngfi
NAT3VY tumor diameter Tavia <8 cm

9. 8slainuidndl extrahepatic metastasis

%
=1

;J:ﬂ’JEJﬁ tumor Wlany UCSF criteria @ wuandl
1-year uag 5-year survival rates maslasun1svi liver
transplantation Wi 90% Wagz 75.2% amainu Tu
mmxﬁ%ﬂw%ﬂ tumor lailn UCSF criteria & 1-year
survival rates iy 50% 2 lunandesn fsieanudes
AulUSsuiiguran1ssnwgUae HCC lgsunsui liver
transplantation lagld Milan way UCSF criteria wuan
overall survival rate 5¥%319 Milan Wwag UCSF criteria
laifianuuandneiy g Milan criteria & 1, 2, 3 wag
4-year overall survival rates WINAU 889%, 81%, 76%,
and 72% way UCSF criteriadl 1, 2, 3 uag 4-year overall
survival rates WINAU 91%, 80%, 68% and 51%%
otalsfd Tunisnuniguaeildsunisyin liver
transplantation lagld UCSF criteria fiftes 3% veuzd
faedn 97% 19 Milan criteria faifufsdafasnianis
Aamunanisenwliunutu ielihilsldiavanunsath
UCSF criteria wldfunu Milan criteria wiies@unisda
Tomalihelaidingnszuiunissesunsh liver trans-
plantation InnTu

3. Ablative techniques U Radio Frequency
Ablation (RFA) 138 Percutaneous Ethanol Injection
(PEI) #énn15ues33 RFA Ao nisldndsnunduingiign
deoonluandalnih (electrode) SniilsAnlifinssua
afutuneluetevdeidadorioglneseutaeidu RFA
wé’amumm'ﬁ%LU§auﬂuwé’amumm%’auﬁqmmﬁ
Uszanm 90-100 ssmgaidd Wievhaefeunzsdag
soulanaidulusaiiuseanas 2-5 wuRwns® amnsoi
wldunissnuiitentaamenia lned 5-year survival
rates Uszanad 39-65%* Hinauidwiudnidentiae
wanehsiulumuusazanty uwidwlngiindretude

N, wAfeu HCC A95 <5 WwuRlung

¥, feu HCC agv1sanuadgaduaeatey 1
WURLIATWATUIINLEWEDA LYY WU hepatic
vein %39 portal vein 281910y 2 WURLIAT



wagfiau HCC ldegfnvie invade aiyagdng
a 1 %’ =l ] gé’ a o Y =
WWed Ly gaund vieund ald wala vaeniden
AseUeaN 184

. daldnuindl extrahepatic metastasis

1. U CP-A w30 B, A1 INR <1.6 uazininidon
>50,000 / uL*>*®

@UndNN5URNID PEI Ain n15aa sterile ethanol
dududnluiidew HCC Tnemss inasidmsudmdonadne
funisvin RFA udiidedededesimanonds T 2-year
survival rates Uszanes 61-88%”

mssnundmsudUosnliniowanievin (non-curative
treatments) @wnsnriali 3 38

1. Chemoembolization dMeriu 2 JULUU fie
Transarterial chemoembolization (TACE) way
Transarterial Oily Chemoembolization (TOCE) Tgnsal
fifftnedu inoperable case aandalsa HCC L1 ua/
E0 {]ﬁ]ﬁsmqﬂcﬁﬂwﬁv‘iﬂﬁlﬂmmm%’umsr:hﬁmvlﬁ 13
ShwisEldvanns cytotoxic 311 chemotherapy wag/
30 ischemia 91nN13 embolization ¥l HCC aaden
"LUL??ENLLaszﬂuﬁqm Tnodl 1-year survival rates
Uszanu 57-82% wag 2-year survival rates Useuned
31639, > gouldisuiinisi yttrium-90 (90Y) Fudu
radio isotope fiUdpesadiudfissegadien ulduny
chemotherapy (136091 Transarterial radioembolization,
TARE) dn1sAnws iUy meta-analysis WU’iWQJﬂ’J?Jmﬁ%JU
M133$nwIMe TARE 4 overall survival rates An315Uae
flgsunissnuneae TACE Inedl hazard ratio iy 0.74
(95% confidence interval Wiy 0.61-0.90) agslsf
ﬁt,ﬁaaiuswamﬁaml,é’a fifian1s@nwnieadt overall
survival ¥89ngdu TARE Andngu TACE Aon1sAny1ves
Lewandowsky et.al. Ingnuinil median overall survival
dmisudneilésunsinude TARE way TACE wihiu
35.7 waz 18.7 WWou (p=0.18) ammaiu® daun1sfineg
984 Carr et.al. way Kooby et.al. w11 median overall

survival ¥@4ngu TARE uag TACE Tifianuuanenaiu® >

woNaINin15¥1 embolization Seaunsaldidu
bridging therapy seninfidUlesefiNsUanaesiu
\eanndayyauiu donor Hlsdiieene vivlvigdiediu

Ingydoseglu waiting list w flaildsunmsshwingds
TaABwilsluriou Wedanaléfiuain donor dilsaenadl
nsgnamsniudlsiinsniunsUgnaesulévienns
91591 embolization e downstage HCC aaile
Wigeaunsang criteria Tunisvinvananesusialy
0¢13lsAd TACE lalmnzdmsuguaedisl portal vein

thrombosis %38 inferior vena cava invasion

2. Targeted therapy Uﬁﬁﬁi“ﬂuﬁﬂﬁ;ﬁuﬁa
Sorafenib Zafinalnnseengvislé 2 dnwae fio Sudanis
waiulaves HCC Tnemsauavdudimsadadudont
Ui HCC® 91nnsAnwnud fihe advanced HCC
(Q’ﬂwﬁhjmmmﬁaﬁ progressive disease #aI5UNS
SnwndheSrindavie locoregional therapies) filésunns
SN median survival Wiy 10.7 ew dau
Q’ﬂaaﬁlﬁ%’u placebo & median survival 7.9 Lhou
(p<0.001)”

3. Radiation therapy (RT) lusfsn RT lirpgil
unuwilums$nugitae HCC Wasananundiluibes
liver toxicity warnnsiildananse identify sundadels
$dlUit Hee Weghauaiugn wenaniluedindaderiui
HCC HuuziSeiinerossd winndeyafidnwilutamas
wut HOC Wunzsaithafu$ad Tnedien alpha/beta ratio
= 15 + 2 Gray (Gy)* Usznouffugas 10-20 Uikt
Iafinsiaundsnsaesdliiudtaeligndouasusiugn
i ansalUsnasedldiutulngliiuvdenings
niuie ansnannatiafssnnnisaneedliosas
iy s eildnsaneSatiunumidanatudess
Tuns§nwngitas HCC 38n15a1e3elugtas HCe Tlévs
Three-dimensional Conformal Radiation Therapy
(3D-CRT) wag Stereotactic Body Radiation therapy
(SBRT) %amm%ﬂawﬁ'aﬂ’h Stereotactic Ablative
Radiotherapy (SABR) ie1uv93 SBRT #i9 “Management
and delivery of image-guided high-dose radiation
therapy with tumor-ablative intent within a course
of treatment that does not exceed 5 fractions”
BufluAdeRiuiadusnifoatunamssnulagds SBRT
TuftheusSeiuuguniuasyfonddudd aa 1995%
nintuldiiddeiifuieenunetwieiionisaiu
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msanefdifieshwditheuzsadiulgugll Inefindninausi
A3139 TunsdndengUheiivesnuime SBRT sl

n.  Allade HCC ne pathological confirmed #3®
31 characteristic contrast media uptake 910 imaging
v, ldawnsasnwieay curative w3e ablative
treatment 191
A, mlsadildfinisnszawesnluusndu
3. Uninvolved liver volume [volume 984 liver
ausne volume ¥89 HCC(s)] >700 mL
9. ftheil CTP-A ui3e CTP-B 1 score laiifu 7
esaniideyain fhefl CTP score >7 4
Ton@in Radiation Induced Liver Disease
(RILD) n&wi1 SBRT leiga™

2. lifl uncontrolled ascites

ns$nuAoe SBRT uanonlGiUu denite treatment
udodviius:lesuludnnanens 15u

. Ou bridging therapy Tusgninssesunisanga
Ugnanedy tieldliilsagnatuuntuly
seuinsiiffihosefgnanedueg insizdnd
nanfiEeldFuduan donor udamuindlsa
qﬂmmnﬂ‘*ﬁuﬁ]uhivﬁimmsrieiw%’umiﬂqﬂdw
fumy Milan e UCSF criteria fefiazgn
AneanlilvsunisvinUgnane dnvmezadie
\Hunstenalusswineisenisugnaesu

¥. & tumor thrombus bL‘tJaqm'ﬁl Portal vein 38
Inferior Vena Cava auvinbildanunsavin TACE
1 1913 SBRT AanTawalvisadluvilidosen
dnawagyilidudenuinaiineiidosengs
fulyidneen wielvigUisanunsaiunisvin
TACE sigla®

A, M0y salvage therapy eim%’u@ﬂ’mﬁé’aﬁﬁa
IsAvasdsaguadlasunisrin TACE

Treatment Technique, Planning and Verification

fausiluszezusnaziinissnwn HCC Mmensanesed
WU 3D-CRT Anw usitudagiunuinguae HCC duwnn
Iunsmesedsemada SBRT imnaileunainnst
gunsald1miunis immobilize fifdusauiaszuy

respiratory control LA image guidance Aagunilu

' 21803 OWSHWSHUWHUS\JHSHU’]M :180INeMiUS:INAINg
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9FneIY® TIUNINT5H treatment time #1sundn 3D-CRT
@ @ ° VY %3

Adunsdrneanuagaintiguae lunsludeaunlss
weUIavaNe Y AssuazidAtyAe dnsAnwilusinraiy
nsfnwduduin mslisedusunnaugswionssindu dlila
pggneBkaviiugn linuiviliindunsiesere

n1sv1aavnIsa1gSud

Positioning and immobilization Uszifiufifiaay
mﬂmaEmmamsumsawimmamﬂuﬂ SBRT fi® e
Wissnsaansnaunumssnvasmsanesed fou 5
wugthlidagtasegluvinueufiaunsuasiinnusiung 4
spuunssryiusesihefinsiuazmsatuiiilunis
TNBRUAITFNET N1F91AINTTA8TIELAZN1TAITE"
7 suidsiinisligunsaiiletaeBamiagfiae msldgunsal
LﬁasdaaTumaEimm?mfu%uagiﬁ’wi'il,mﬂﬂﬁ%ﬁm'ﬁ%’ﬂm
dmunsanefaduinatewisayldgunsaifivaglunis
da11 leun vacuum immobilization #3e patient
positioning boards Imsmﬂ%@ﬂmaﬁﬁ‘dufﬂ,umiﬁmm?q
?]Iw’] 191 head and neck support, knee support %39
foot support luunsnfsenaiinsly arm positioning 32
e uenanidsanunsnldgunsaifiaudug ievae
S[,ﬁmiﬁﬂiﬁﬂa@'ﬂsﬁu U evacuated drapes %3®

abdominal compression®™*’

Image acquisition laevilunsanesdsemaia
SBRT azdiiimung (target) iflvuinidn nnsvin CT
planning 33A7514 slice thickness Uszanau 1-3 Tadlung
Eudululdesavdesnimsewhiu 2 faduwns) dmsu
msern kv Aldorranasanunidndesidu a1 120
kv ulszanas 100 KV is1zuenaInastiesiia contrast
widieanuiinasdiiaulides expose adldde us
Alslensan kv esiulumszasiin noise WiaAL®
Tuud phase n15din CT finsuwuzdilild multi-phase IV
contrast aed arterial 3o delayed phase imaging
wuzihlilddmsunisirunveuluniounsiss (GTV
delineation) @t venous phase TddmsuriwunuauLn
Portal vein thrombosis delineation Iuﬂiiﬁﬁéﬂwﬁ
Portal vein thrombosis 21A87 tumor I4A3e

Breathing motion assessment NIRYTIAUILIU
1991991581991 breathing motion assessment ¢ae



Faflna1e3s wunsld slow CT, inhale and exhale
breath-hold CT #3® four-dimensional CT (4D CT) Ty
wuzahlild 4D CT Tudumeunisvia CT planning dwsu
nsanefaafivinadeiadasamsludiuiu Jeili
ansaUsziiuu (axis) warfide (range) NsiAdouil
vasfeunSald wenaninm CT #ldan respiratory
cycle Tu phase 199 Taudenuntuglun1siviug
target tuffhevinlfannisvenevouwwn (marein) aslé
¢e Tunnsléis ab T arldszuudunsedeulman
mamelavestiihe SeivanessuuTufuuonuan ssuu
vilsifeslifufetoyaazgniuiindondesdunlsise 4D
T awilidunsindeuiivestounziduaniiododne
Wesluanuganismelavesithe Taesewinanisyih CT
planning azdaasann pitch imnzanfusnsmsmela
03l (breathing rate) #ae faag1en13iaen pitch”
Fam59i 3

M13°9% 3 uanse Pitch geamdmsudnsnismelaves
#Uae (Breathing rate) w14y

Breathing rate (BPM) Pitch*
20 0.100
15 0.080
14 0.075
13 0.060
12 0.055
11 0.050
10 0.040

*nseild 0.5 sec rotataion time

Treatment planning @w1saldnmain exhale
breath hold CT 1 baseline CT 1 wilunsdliilyiannsn
1 breath hold technique "Lé‘luﬁﬂaaiwﬁ?uq @150
14 average phase CT 210 4D CT thadu baseline CT
AUSUMTIUEIUNTS N lensean breathing motion
vosfthetiesnit 5 fadunse199tld CT scan Mu free
breathing 16 @ wsuwmaila exhale breath hold dnag
TndlArsiu average position 1NN inhale breath
hold wena N exhale breath hold €43 reproducible
11N inhale breath hold A28 Tun15vin breathing

motion assessment Wua1lulatd breath hold
technique A233n1539 target/liver breathing motion
Tnenasld 4D CT, fluoroscopy %3 cine MR

1ndova8$0d (Treatment machine)

o v

wdwmnesadiawsaldnnesidsemaiia SBRT &
Wa1ELA3eY WU A3 fedniidTedvuinidnie
Gamma Knife® F9dn¥sdagriandafouuziaannmans
femefiseiluszozinandudu uenanidaanseld
\desanedadviianionsioynindidnasou (linear
accelerator, LINAC) ¢ @silnaneafinuansrsiusenly
lﬁ'LLdLﬂéa\‘i Tomotherapy®, X-Knife®, Clinac® Lag
Cyberknife®” Tngwn3osaneisdusazeiinfaziivonte
@eunnaaiuly 1wy Cyberknife® ag1¥ conformal dose
wnfigaluvaziiediufiorld treatment duration fiunu

an

ﬂ'ﬁﬂj‘i%’m%mmﬂ%’&?{‘uﬁﬂLﬂ%aﬂdaaqmﬂ&ﬁﬂmauﬁ
i multi leaf collimator (MLC) azlflonasdndaamudaus
6MV (Megavolts) Tl itelfanusaldinaiansusu
AMULTNANSIELS 19U S¥UU Inverse planning (Intensity
Modulated Radiation Therapy, IMRT %38 Volumetric
Arc Radiation Therapy, VMAT) #sa91aldinadia 3D-CRT
Taensld multiple non-opposing beams 53w non-
coplanar beams azaelils dose fall-off Aostuuaz
n151% modulated arc plans ag¥q8lila dose
distributions ﬁmezaumﬂ?jaﬂﬁu pgslsinuaisiinig
14 Image-Guided Radiation Therapy (IGRT) 23618

v aa

Wasanmalanisane SBRT fn15hauSunaussd@nas

U
o W

semsaneniiands msld image euidance Saflnrudndny
wielianansausyidiunasUSund intra-fraction errors ¢
1 (real time) $UU image guidance fldprsazannse
#5190 U84 target Lay OAR (Organ at risk) WuUSHns

v5a 3D leviui wialvauisausu on-line correction
16?]}47, 55, 56

wiveaeTadnldlunsmesedinaiia SBRT AIsinis
ATIVADUANININ TIAIUYNADILALLTIEINTIN LN LYY
laser localization A1viegluinueife 1 ladwnsvie
collimator size indicator Afiagluinauaifie 1 dadiuns
. ¥ 57 & 0 = ¥ a @
\ud” wenanflusannduensaziinisldveilanisusu
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a3l Innsliiiesiiusudassldnndiama (6D
couch correction) Wiepnaldszuusunmsadeulain
n1smelaveUis (patient respiration monitoring
equipment) dwlvgjagdinisTd MLC Aiflvunaannuning
(leaf width) teeniwiewiiu 5 fadwns Fansld MLC
flnmdnyinlianansauiuasusuiaasiuay
Wnvesssdlaavideanin vlitounziSalausunausidnas
‘UﬂquLLazaﬁﬁLaMBMWﬂﬁuLLazﬂ'ﬁlﬁaﬂwﬁummmmﬂ*ﬁw
MLC agfinaunnlunsdiifldmeiianisaie$aduuy IMRT
dudunavesnmisidenltvuinniuniie MLC lueieny
ddtafsniy Uinasidietezdadeddsuaiu
sgiurunfeunzis vwevese s Ui wetetens
me®™ ¥ agrglsinulunisaiesdmemaia SBRT Tu
FounzSefifigusslidudounazvoudeudnasou s
@enldauning MLC au1e 10 adluns se 5 ladiuns
pnalaifimuupnasiusenedidedng®

58, 59

N1S210UWUNISSNBINA:NISAMUAYDULIUAYDVNBU
U180 (Treatment planning and Target volume
delineation) [RTOG 1112]

s ssnwdnazldninainuaneyn i
image registration wa fusion Fsdudulunsidesse
Annaegaiiaeiulunisuaunisshw laenis
fMuuaveulavesnauLzsaarldnimain CT planning
Fsnaldnmain MRI vide PET $aushe Tasdivdninas
Tunnsimun target As139 feid

1. GTV(Gross Tumor Volume) NSAvUavuauLYs
yeseunide i muaivdIy parenchyma wae vas-
cular HCC fiiuléiann contrast enhanced CT uay/mse
MRI Tnevialusnld arterial e delayed phase imaging
WiorvunveulwnfauNziEs (GTV delineation) ualuun
nsdldw3uiiaefiinneg portal vein thrombosis 3
#eenald venous phase iiarmuneusves portal
vein thrombosis (vascular HCC)

alddyanual GTVp1 law p Ao parenchyma 1ng
mamvu GTVp2, GTVp3, GTVp4 a1y dmsu GTW
thiv e vascular HCC thrombi fstnazsiulélu venous
phase 1ngl vascular HCC thrombi 8195910 primary
parenchyma Ju GTVp %38 GTVpv Lag

' 21803 OWSHWSHU’IHUS\JHSHU’]Ha :180INeMiUS:INAINg
5 Un 23 auuil 1 unsAw - ouigu 2560

2. CTV(Clinical Target Volume) TugUaeunese
aglduun CTV windu GTVp, GTV %38 GTVpv Iaglill
MsveIeveUlnIN GTV agslsAnmuieainisueny
vaun GTV 1u CTV Idluunssnelne CTVp sgeveun
11910 GTVp Useanad 4-5 dadashag CTVv 981
YBULIMUNIIN GTVv Uszanad 2-3 Hadiuasiazeadinig
YYDV TINAIUVDY non-tumor vascular thrombi
(CTVv) %38 du TACE zone (CTVH) 1ol

3. PTV (Planning Target Volume) N13AN%1UA
geulaTes PTV tu asvensvaulunann CTV Litenie
AMUARIALARDLANNITTAT (set-up margin) WagnN1s
wisuiiveseuazaelu (interal organ motion) Tne
M3vENETRULR (Mmargin) Tes PTV Suszesninethatios
4 Faduwnslunnitenieseu CTV N15VL18U0UUANINGR
fivonsulée 20 Haduwns egralsfinunisvensveuiun
msaztiosniviewiniu 10 faduns Fsnsveneveuwn
Y84 PTV Huprgazeoninain CTV liwifulunndiama
TAluriy %uazuiﬁu motion management 714 lunsdii
breathing motion 1A 5 fadmunsasly breathing
motion assessment A28 4D CT Fsaziihnsinwlaenis

14 PTV margin fitfosnin 20 fadwnasle™ o

TUALTOUATONNLNNTSNY AITILIIUNUNTT
%’ﬂﬂ:ﬂi@’fﬁgﬂ static beams, dynamic arcs, intensity
modulated beams, VMAT wseldwanswmaiiasiuiiu
\A3DNNLNNSSNARsT algorithm T superposi-
tion/convolution algorithm #58 Monte Carlo dose
algorithm lunsaltar3edrusesdeveniledefitiany
LANEI9Y04 electron densities”

lutnalla SBRT snagldnisAinun dose
prescriptions Tuldu isodose 91611 19U 80% isodose #3©
479 60-70% isodose TufuvUIAVBIRBULEISS Ll
wugilildidu isodose M16Mn31 50% LNenANIABINTT
a a a 1% < =
\Ain heterogeneous MunniuluTudsunziss Ingazinig
14 margins oen3aldfl margins tag &avili hot spot

anagngluresUsuns target Ndaan1s™

911 RTOG 1112 wugthlilgU3unasad (prescription
dose) 27.5-50 Gy Tun15a185%d 5 A3 [fraction (s), fx]
Tneduiu mean liver dose Wundn dusuusunased



lunsdififounziSavianeiou 01azunnd1eeanty watth
mwﬁdﬁﬂ%mm%ﬁqqﬁqmﬁu primary target lnggn
normal tissue constraintsl35z8E95ERINNTA85E
wiazndinns Wetudaus 24-72 dlue Faduszezim
330w (total treatment time) Faag5eing 5-15
Tu (@ulngiiinazld 10 Tw) Preszezinsvesnisaiousiay
afainldinen 48 Falua

Prescription isodose AI5ATAUARUUIUINT 95%
¥94 PTV dwisulsunaussdnsaiifouuziSmaneiouana
wansnsiueenly Usinadidfieonldladufasdufy
normal tissue constraints lagtthmnaas prescription

isodose AITATOUAGUUIHING 100% Y89 CTV?

N1sHMnUAUSUIUSLE (Dose Prescription)

fnsfnwifediumInaununsesd wmedanis
aefeduavnivsuassdlugiie HCC 9nauide
wanengu wiaznguiinnnumainuas Wi v1eeIdel

nmsaedadiemaia SBRT egnufed unengulvienadl
Yidasuse Turaesfivusvesfeunzdaiiamuunnd
fu TneTludfeunzdaivuadnussan 3 wufiuns
Healiusnussd 36 Gy / 3 fractions wie 40 Gy / 5

fractions®

910 RTOG 1112 uusiheusinasedrildlnetu
Aiu mean liver dose wag effective liver volume (Veff,
normal liver volume which irradiated to the
prescription dose) famsnad 4 TaednsAneiientu
nsanefedmada SBRT Tufflae HCC fuaunnn®™ wu
01 Veff tloanin 25% nslausunassd 54 Gy / 6 fractions
Alvua local control ﬁm%’u{{ﬂwﬁﬁ Veff daus
25-80% Msl4USIauSsARaus 24-54 Gy / 6 fractions f
fdlvinansinwiiroudsi Tneil median survival og
11.7 v venaniifafisneaunsinuaug ienfuns
TUSanasssdlugtan HCC uag Liver tumors Bufiiins
Mediddewmaia SBRT fansefi 5%

A15199 4 AdSunasadEwuzn lalglaeTunu Mean Liver Dose wag Effective Liver Volume (Veff)

911 RTOG 1112 dwmsunisanessd 5 fractions

Optional Constraint  Priority Constraint

Prescription Dose

Allowed Mean Planned

Liver Veff Liver Dose (MLD) Prescription Dose
(Gy) iy
<25% 13.0 50 Gy
25-29% 15.0 45 Gy
30-34% 15.0 40 Gy
35-44% 15.5 35 Gy
45-54% 16.0 30 Gy
55-64% 17.0 27.5 Gy

81 MLD i fam prescription dose aafli dose
pusaanlu column ANUAINWAY evaluate Ty

45 Gy
40 Gy
35 Gy
30 Gy
27.5 Gy
Tduuetin e
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a15197 5 mshivsunasdlunisanessd@iewmaia SBRT ¢

Authors Number of patients Median tumor size or volume Fractionation
Kwon et al. 42 15 mL 30-39 Gy / 3 fx
Seo et al. 38 41 mL 33-57 Gy / 3-4 fx
Kang et al. 47 29cm 42-60 Gy / 3 fx
Huang et al. 36 4.4cm 25-48 Gy / 4-5 fx
Bae et al. 35 131 mL 30-60 Gy / 3-5 fx
Bibault et al. 75 37 mm 24-45 Gy / 3 fx

nsnanuAvaulunlia:uUsSUIrusSvdvavadaa:drarydolAsw (Critical Structures Volumes and Maximal Doses)

manesedmemaila SBRT lugthe HCC Thusunns
989 normal liver %38 liver ﬁag'uaﬂ GTVs Wiaviua 23
2zdUSNINTNINATY 700 Hadans d1usunisiinua
Usunausidveseisigd1Agd1aufeass normal tissue
constraints Yy 1iesaniinsimuatiunadduas
$mnuafwesnsaneafiunnsatull Arwes normal
tissue constraints Jauana1eiuly Tag RTOG 1112 16

A58 6 MsivuAUTIS AR TeIzdAY T
LAB91se Normal tissue constraints
PNNIANYIIE 5 A3S e RTOG 1112

wugaAN normal tissue constraints Lidwsunisatessd
5 a%1 aumseft 6 uenaniddiunsaanduldiinisi
A1 normal tissue constraints 910 RTOG 1112 luAnw
wazUsuldaselunaufua’ wisursanitusialden
normal tissue constraints Aiuuztilag AAPMY Sauuzti
A1 normal tissue constraints 13dwmsun1sanessd 1, 3
V30 5 A% pupsneit 7

The following organ dose contraints are guidelines,

not mandatory:

Dose Constraint

Organ to 0.5 mL
Esophagus maximum 32 Gy
Stomach maximum 30 Gy
Duodenum maximum 30 Gy
Small bowel maximum 30 Gy
Large bowel maximum 32 Gy
Cord + 5 mm maximum 25 Gy
Skin (external) <32 Gy

Kidneys: Bilateral mean dose <10 Gy or if there is one kidney mean

dose >10 Gy, remaining (or only) kidney V10 Gy <10%

| 803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
5 on 23 avun 1 unsiAu - JQuigu 2560

Dose Constraint

Organ to 0.5 mL to 5 mL
Stomach N/A <25 Gy
Duodenum N/A <25 Gy
Small bowel N/A <25 Gy
Great vessel maximum <60 Gy N/A
Skin external maximum <32 Gy N/A
Chest wall maximum <50 Gy N/A
Gallbladder maximum <55 Gy N/A
Common bile duct <50 Gy N/A
maximum

Liver minus all GTVs: >700 mL and V10Gy <70%
Heart maximum (30 mL) <30 Gy



M990 7 MSNnURUTINASIETeeTEsdAYIN9AEaI Normal tissue constraints 91nN15218593 1, 3 %50 5 A3 1ag AAPM TG 101

Organ

Max threshold

1 Fraction

3 Fractions

5 Fractions

Threshold dose

Max point dose

Threshold dose

Max point dose

Threshold dose

Max point dose

(Gy)

(Gy)

(Gy)

(Gy)

(Gy)

(Gy)

Stomach

Duodenum

Jejunum/ileum

Colon

Esophagus

Spinal cord and medulla

Liver

Heart

Renal hilum/vascular trunk

Renal cortex (Rt & Lt)

Skin

<10 cc

<5cc

<10 cc

<5cc

<20cc

<5cc

<0.35cc

<1.2cc

700 cc

<15cc

< 2/3 volume

200 cc

<10 cc

1.2

9.1

10.6

8.4

23

12.4

12.4

15.4

18.4

15.4

22

26

16.5 (5.5 Gy/fx)

16.5 (5.5 Gy/fx)

11.4 (3.8 Gy/fx)

17.7 (5.9 Gy/fx)

24 (8 Gy/fx)

17.7 (5.9 Gy/fx)

18 (6 Gy/fx)

12.3 (4.1 Gy/fx)

19.2 (4.8 Gy/fx)

24 (8 Gy/fx)

18.6 (6.2 Gy/fx)

16 (4 Gy/fx)

30 (10 Gy/fx)

22.2 (7.4 Gy/fx)

22.2 (7.4 Gy/fx)

25.2 (8.4 Gy/fx)

28.2 (9.4 Gy/fx)

25.2 (8.4 Gy/fx)

21.9 (7.3 Gy/fx)

30 (10 Gy/fx)

33 (11 Gy/fx)

18 (3.6 Gy/fx)

18 (3.6 Gy/fx)

12.5 (2.5 Gy/fx)

19.5 (3.9 Gy/fx)

25 (5 Gy/fx)

19.5 (3.9 Gy/fx)

23 (4.6 Gy/fx)

14.5 (2.9 Gy/fx)

21 (4.2 Gy/fx)

32 (6.4 Gy/fx)

23 (4.6 Gy/fx)

17.5 (3.5 Gy/fx)

36.5 (7.3 Gy/fx)

32 (6.4 Gy/fx)

32 (6.4 Gy/fx)

35 (7 Gy/fx)

38 (7.6 Gy/ix)

35 (7 Gy/fx)

30 (6 Gy/fx)

38 (7.6 Gy/fx)

39.5 (7.9 Gy/fx)

59
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N1SnSJPdaunaun1saNgsud
(Treatment verification)

idesanlumada SBRT fimsliusinusdigsie
a%a 15l image quidance Seimuddduetds
52UV image guidance Svaneszuudwansnatusanly
wanadailduarnisindeiuiosanesd enfhegiaty
S¥UUNSL ultrasound, portal imaging, CT, MV/kV
cone beam CT (CBCT), n15+0 markers way kv
radiographic Wudu nsld image guidance @U1500539
aauldiis interfraction motion dudunsidsundas
susnnsdnvindUaeluusiagiuuas intrafraction
motion Fafun1siudeuulasumisannismelauni
waznisiadeulmveseieizaigluvesdvae Fanis
Wasuwaunaiiilugenuaainiedeu (treatment
positioning uncertainties) fmsasuudasueasiiumie
finnnimsvensvouwnildnaunnls fouuziSienal
Irsussnasdnuitldnanliviedodounitrades
213l SUUSUuSaEAY normal tissue constraints’

Gantry-mounted system Huseuu image guidance
AlflFroutrsazain osniduszuuiifnegiuiaies
eFadegudy endieg1au On-Board Imager® (OBI)
(Varian), X-ray Volume Imaging (Elekta) %38 kVision

(Siemens)

Tuszuu OBI {inmssnwaninsauseiiukasUTuud
sumuslaviuiilu on-line correction Inansldnmene
lonmLsdsunthuagdutng dddlasesnensegn (bony
anatomy) (JusuSeuiieunsensld radio-opaque
markers ushnsivaeusum uenanidiealdits
Lﬁ@Lé@LLaﬂﬂiﬁfNﬂi%@ﬂs[,umiﬁli’ﬁ]ﬁ@‘uﬁﬂLm‘u'ﬂfﬂﬂmi
T meeeneseilu CBCT Tnsaruaaandouads
sxdesndt 1 wuiwns &nnniniuenvasdesdaii
felml Fsluunansdlnslénm CBCT o1a3ouiion
funman CT pLanningléfmmﬁmmmnmmuﬂiﬂsau
Y93n1591181a F9e19ldnman fluoroscopy FrEwaIaIN

AN CBCT '™ ™

| 803U 91SASANALSLASNYLA:L:5UINELUS:INATNg
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Radiation Induced Liver Disease

Fadunmzunsndouiiddiyainnissnw HCC fe
SBRT Tusfniienan Radiation Hepatitis 1Ju disease of
exclusion nafle ax3ladunnzd dedelsavianny
duidululdeenluudy srufuduaefivseIalasussd
UShasiuNneu duundnialugg 2 dUanvs 3 1hou
v mesidiasedu weenliidu 2 Uszuamie classical
RILD uaz non-classical RILD lag classical RILD Uae
azilonisgoundy, aulaualudfiundesniinies
(anicteric hepatomegaly), U1nviasusiaag right upper
quadrant, § ascites wailszAu serum alkaline
phosphatase (ALP) qﬁgjlu Tuaguedl non-classical RILD
HUngaziionnisiiniesnnniowuasiiszdu serum
transaminase [aspartate aminotransferase (AST) %39
alanine aminotransferase (ALT)] Qqsﬁuaéﬂaﬁaa 5 191

U89 upper normal limit

AR V9N RILD Lina1n veno-occlusive
process Fasfuindulu small branches ves hepatic
vein Tnewdedn Woiduidenldsudsd wadvasndonnils
FuluaziRnmavaeaonuaziinisans collagen fiber aon
i lefiadnnsedulinsruaumsisiiusioluFesy
vaealdonaziinn1enfiuan collagen fiber fignadns
panuniliidenluanuldazain ddadenunuas
\nSmidemnavannTuaalRT thrombus Aty A
WdEMsT hepatocyte vnidenluidesauinnisan
YUIAUBZIIUIUAIDENUIN ANALANDINTHINE VDI
RILD pnaian egnslsfinnszuauntsmeniilu self limited
process tnenuinieiu 4 WoundmwndUaelasused
ué suaedinmsususufiedingnnzundldshedies lag
et duwaunannnisadns collateral vessel Ishidenlva
HaugaTTn1sgadlULe

dogtheiinn1iz RILD udh Liflmssnwndisumng
Wz mssneilidunmssnvmuenmsiiieseliead
dustuianduan wu nsdifgiael ascites orafiansanls
diuretic drugs vi3evi1 paracentesis visaf U H Ty
coagulopathy nmsiiguade coagulation factor 161
anas 19fiansanly fresh frozen plasma Wunsasn
a9fi9150u1 W steroids Litetlosiu liver congestion ‘18



ANTNUEAINANTTIN®Y HCC #2875 SBRT, tumor size, fractionation, wag acute complication rate® ¢ ™%

20

6 pt. 5-6.5 cm
S

16 pt. TACE alone 50 Gy / 5-10 fx
PEI alone or RFA med. dose 50 Gy

CR (4/20) 23 1 year 65% 1 year 70% None
PR (12/60) 2 years 32.5% 2 years 43.1%
SD (4/20) med 19 mo. med. 22 mo.

(3.6-57.3 mL) 6 pt. RFA.
S pt. none

3 pt. PEI

30-39Gy /3 fx
med. dose 36 Gy
3 consecutive day

CR (7/21.9)
PR (16/50)
SD (9/28.1)

1 year 81.4% RILD (1/3.2)
‘med. 11.5 mo.

16 pt. TACE
13 pt. TACE+PEI med. dose 36 Gy
8 pt. none
3 pt. TACE+RFA
2 pt. TACE+Sx

med. 15.4 mL

30-39Gy /3 fx CR (25/59.5)
PR (11/26.2)

SD (6/14.3)

287 1year72% 1 year 92.9% None
3 years 68% 3 years 58.6%

3 consecutive day

Andolino et al. (2011) 1pt. <lcm 6 pt. TACE CTP-A48Gy/3fx CR30% 27 2 years 48% 2 years 67% Abn.LFT (3/5)
9pt. 1-2 cm CTP-B40Gy/5fx PR 40% ‘med. 20.4 mo. med. 44.4 mo Abn.Alb (7/11.6)
17 pt. 2-3 cm **23pt. > OLT  twice weekly SD 25% Abn.Pit. (10/16.7)
19 pt. 3-4 cm. Abn.INR (2/3.3)
14 pt. >4 cm Abn.Bil (8/13.3)
vol 2-112 mL
med. 29 mL

Dewas et al. (2012)
(HCC+met+THC)

23 pt. none
6 pt. TACE
6 pt. CMT
4 pt. Sx.
2 pt. RFA.
1pt. RT

(HCC) med. 47.5 mL

27-45Gy/2-3 fx
twice weekly

CR+PR+SD (39/93) 15
PD (3/7.1)

1year46% 1year 72% Duodenum (3/7.1)
2 years 24% 2 years 42% Hemato (1/2.4)
Gastric (1/2.4)
Pain (3/7.1)
Icteric (1/2.4)
Asthenia (3/7.1)
Anemia (1/2.4)

Tbarra et al. (2012) 21 vol9.5-1,493.8 mL 10 pt. CMT
(Multicenter) med. 3342 mL 5 pt. none
3 pt. TACE
2 pt. Resection
1pt. RFA

Bujold et al. (2013) 102 1.4-23.1cm 35 pt. RFA
(some pts from Tse study) med. 7.2 cm 22 pt. TACE
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* 3193ui)u maximum diameter #3® tumor volume

44-50 Gy /10 fx 1year 87% Nausea, fatique

med. dose 47 Gy PR 15.8% 2years 55% Gr.3 (2/4)
21-45Gy/3 £ SD 31.6% 3years27% Gr.4 (1/4)
med. dose 30 Gy PD42.1% med. 34 mo.
1826 Gy / 1 f&x

‘med. dose 22 Gy

24-54Gy/6fx CR(11/11) N/A 1year 55% Fatique (1/1)

med. dose 36 Gy PR (44/43) 2 years 34% Abn.LFT (16/15.7)
SD (45/44) med. 17 mo. Hemato (12/11.8)

** 18 pt.received  PD (2/2) GI(11/10.8)

sorafenib at PD Pain (1/1)

#180: No. fip number, pt. AiD patients, med. fiD median, mo. fip month, CR fiD complete response, PR fi0 partial response, SD fiD stable disease, PD fid progressive disease,

N/A #i0 not available, RILD fip Radiation Induced Liver Disease, Sx AiD surgery, Tx AiD i

CMT # ch th hﬁbw,mﬁaml,

LFT fo liver function test, Alb fi® albumin, Plt. fie platelets, Bil fin billirubin, GB /i Gall bladder, ALT fi® Alanine Transaminase, Hep. i® hepatic, CU fi® colonic ulcer,

GU #io gastric ulcer, DU fi® duodenal ulcer, GI fiD gastointestinal
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MNA 3 ANINUAPNANNTINEN, tumor size, fractionation L& acute complication rate Ta3gtlagl HCC MlFFUNsENEMamATia SBRT 2%
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charged particle 9g9188n complication fiAnanns
esedldiniinisld Photon wazifleanunsaanlena
\An complication Wiferas lanansaifinusunassd
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fe laedin1sANWILUU meta-analysis WU charged
particle therapy anunsaanlanalin acute hepatic way
overall toxicity 1##An1 conventional radiation therapy
pg19itudAny waldfinanuuanenenu SBRT dulussey
#17 charged particle therapy @snsnanlanialin late
toxicity 1§#indnvis conventional radiation therapy ey
SBRT sgnsfitedfny Tulinan1ssnwinuan charged
particle therapy 1% overall survival, progression free
survival tag loco-regional control #n31 conventional
radiation therapy agnsfildAty waldfinuuanmeiu
SBRT

2. mMsanessETINiun1sYin TACE: e1aaesidnau
visonds TACE Als TnenTawauiiy local control Ty
nmssneiienizlaiiuia fnsfnwivanes msdnw
U1 combined treatment Tinan155nw1AnI single
modality (TACE wie RT esetuien) Tngliiiiy

8590 9 jananTiea

toxicity laid1 HCC azflvunnlugvieidn
fnMs@nw MUY meta-analysis WuiIn15IA combined
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chemotherapy Ay intra-hepatic arterial #5©
systemic 8819189 chemotherapy MUY intra-
hepatic arterial L% fluorouracil, fluorouracil plus

9298 @711 systemic

cisplatin, floxuridine 158 irinotecan
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RT W@ chemotherapy \iesognaiiien feuluudnanis
Shwienadesendenisandulavesdinnisshviesdiey

fudeyaiimeiinsdinwiunlueia

4. nsanefedsunisli targeted therapy: 7iil
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toxicity Aput19ge (grade |, Il Useanay 70%) dausn
Juensidesns aduld/endeu way liver enzyme
gaﬁ‘ﬁu% uenanil Sl ongoing trial AAnwINTH
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Abstract

Background:

In Thailand “Co and "Ir high dose rate (HDR)
Intracavitary brachytherapy usually uses in
combination with external beam radiotherapy for
cervical carcinoma treatment. This research aimed
to make a comparison of dose volume parameters
between “Co and "I HDR intracavitary brachytherapy
treatment planning in uterine cervical carcinoma.
Methods: A sample of 24 cases was drawn from
Ramathibodi Hospital, using simple random sampling
method. A sample was selected from 12 cases of
tandem and ovoids technique and 12 cases of
cylindrical technique. In order to re-plan by having
the same dwell position and optimization, the
computed tomography (CT) images and patient’s
parameters from treatment planning were exported
from "“Ir source Oncentra Brachy v 4.3 TPS at
Ramathibodi Hospital to “Co source HDR plus 3.0
TPS at Bhumibol Adulyadej Hospital. The mean
differences of dose volume parameters and point
doses from both plans were compared by using
paired t-test analysis. Results: For tandem and ovoid
technique, maximum difference for all dose volume

parameters is less than 1.5%. For cylindrical

technique, the maximum difference for all dose
volume parameters of high-risk clinical target volume
(HR-CTV) is 6.05%. , while the point dose differences
at 0.5 and 1 cm from the tip of cylindrical applicator
are statistically significant difference at 45.07% and
23.11%, respectively. Conclusion: Both “Co and "Ir
source used for uterine cervical carcinoma treatment
have no difference findings of dose volume
parameters calculation in intracavitary brachytherapy
treatment planning in tandem and ovoids. By
contrast, cylindrical technique illustrates a statistically
significance in mean difference especially for point
doses from the applicator tip due to a different

anisotropy function between two sources.
Introduction

Intracavitary brachytherapy usually uses in
combination with external beam radiotherapy for
cervical carcinoma treatment. 'Ir radionuclide source
is commonly used for HDR brachytherapy due to
small size which become flexible for interstitial
treatment. However, in the modern-day technology,

%Co radionuclide source can be also created to be
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the same geometrical dimensions as those of I
source. Moreover “Co source has longer half-life (5.27
years vs. 73.84 days), it brings down the cost due to
less source changes if mechanical stability is
maintained™. From previous research!™ the
differences of radial dose functions and anisotropy
functions between “Co source and 'Ir source have
been illustrated. For treatment planning system (TPS)
that used TG-43U1 formalism, dose distribution in
patient depends on the radial dose function and
anisotropy functions for dose calculation of
radioactive sources. Therefore the purpose of this
study is to investigate the dosimetric comparison
between *“Co source and "Ir source in HDR
intracavitary brachytherapy planning in uterine
cervical carcinoma in terms of HR CTV, bladder and
rectum volume and dose, and also dose at the tip
of applicator, using 2 applicator techniques 1) tandem

and ovoids and 2) cylindrical applicator.

Materials and methods

Radionuclide source data

®Co and "Ir source data that use for dose
calculation are different in radial dose function and
anisotropy function due to difference in geometrical
source sizes and energies. Model source of cobalt is
new BEBIG *°Co source (model Co0.A86) with capsule
dimension of 1 mm diameter and 5 mm length, and
source pellet dimension of 0.50 mm diameter and,
3.50 mm length™. The mean energy and half life of
®Co are 1.25 MeV and 5.27 years, respectively. The
iridium source model is Micro Selectron mHDR-v2r
with capsule dimension of 0.90 mm diameter and,
4.55 mm length and source pellet dimension of 0.6
mm diameter and, 3.50 mm length ®. The mean
gamma energy and half-life of I source is 0.375

MeV and 73.8 days, respectively.
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Treatment planning system (TPS)

Treatment planning system (TPS) is a tool for
calculating and demonstrating dose distribution in
patients. TPS that used in this research belongs to 2
institutions. Oncentra Brachy v 4.3 for *Ir source
calculation which is owned by Radiotherapy and
Oncology Division, Ramathibodi Hospital. HDR plus
3.0 for “Co source calculation is installed at Bhumibol
Adulyadej Hospital. Both TPS calculate radionuclide
line source dose distribution using TG-43U1

formalism™®”

, it is a multiplication of air kerma
strength (Sk ), dose rate constant (), relative
geometry factor "G" ('r,0" )" G" (" "0" """ "0"),
radial dose function ( g(r)), and 2D anisotropy function
F(r,0), as shown in equation (1).

G(1.0)

b(r,G):sk A m g(r)F(r,e) 1)

C.Dosimetric volume parameters calculation

This study was retrospective approach. The
patient data selected in the period of January 2015-
May 2016 were anonymous and approved by IRB at
Ramathibodi Hospital. The number of 12 cases were
chose for *Ir patient treatment planning using
tandem and ovoids applicator technique and the
same number of cases for cylindrical technique
treatment planning calculation. Regarding the tandem
and ovoids applicator technique, the compared
parameters were high risk CTV (which includes GTV,
the whole cervix and extra-cervical tumor spread[8])
at volume of 100%, 150%, 200% and 400% dose and
dose of high risk CTV of 90% and 100%volume. The
dose parameters of bladder and rectum at volume
of 0.1, 1, and 2 cc were also recorded. For the
cylindrical applicator technique, point dose at
distances of 0.5 and 1 cm from tip of the applicator

were added to evaluate.



Once dose volume parameters calculated by
Ir planning were reported, CT images and structures
files were imported from Oncentra I Brachy v.3
TPS into HDR *Co plus 3.0 TPS. Patients were re-
planned for “Co HDR source by using the same dwell
position as those of ’Ir. By making the same dose
prescription, the dwell weight from "*Ir planning were
applied to the dwell time of “Co planning. The same

parameters as those of “Ir source were recorded.

The percent dose and volume difference
between “Co and "’Ir planning were calculated. The
pair t-test with p-value <0.05 was used to be termed

“statistically significant” difference.

Results

From 12- patients sample group of tandem and
ovoids technique in Table 1-2, the percent difference
of the mean volume among HR-CTV at V100% to
400% between '“Ir and *°Co sources less than 1%.
The result of percent difference of the mean dose
among HR-CTV at D100% to 90% is less than 1% as
well. The percent difference of mean dose of normal
tissue at volume of 0.1 cc to 2 cc are less than 1%
and 1.5% for bladder and rectum, respectively. There
is no statistically significant difference for all param-
eter comparison of tandem and ovoid techniques

between Ir and *Co with p-value more than 0.05.

The result of dose volume parameter comparison
between ’Ir and *°Co sources for cylindrical
technique in 12 cases is depicted in Table 3-4.The
maximum percent difference of the mean volume
among HR-CTV at V100% to 400% is 4.97% and mean
dose difference of HR-CTV at D100% to 90% are
6.05%. The maximum percent dose difference of
bladder and rectum are found at 0.1 cc volume which
are 12.74% and 7.56%, respectively. However there
is still no statistically significant difference for all
parameter comparison of cylindrical techniques
between *Ir and “Co with p-value more than 0.05,
except at bladder volume of 0.1 cc, the p-value is
exactly equal to 0.05. In contrast, the comparison of
%point dose from the tip of cylindrical applicator for
0.5 and 1 cm are 45.07% and 23.11%, respectively.
The results illustrate that p-value is less than 0.05
which is statistically significant difference for point

dose comparison in cylindrical technique.

As noted that no matter what dose, volume or
point dose comparison of “Co source are higher than

those of '*Ir source.

Table 1. The volume parameters differences between ’Ir and *Co brachytherapy planning from Tandem

and ovoids technique.

Ave. volume Ave. volume %volume Standard P-value
Parameters of "**Ir(%) of Co(%) difference, deviation
*°Co -"Ir)
HR CTV V100% 92.64 92.74 0.09 1.99 0.866
HR CTV V150% 63.42 63.57 0.15 5.21 0.923
HR CTV V200% 40.34 40.84 0.50 3.60 0.640
HR CTV V400% 10.18 10.34 0.16 1.00 0.579
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Table 2. The dose parameters difference between Ir and “Co brachytherapy planning from Tandem and

ovoids technique.

%dose
Parameters Avc-,:ézdose of AV:,' dose of difference, Star.1d:.ard P-value
Ir(%) Co(%) Co -) deviation
HR CTV D100% 73.70 74.49 0.79 4.99 0.594
HR CTV D90% 111.05 110.99 0.06 5.67 0.974
Bladder DO.1cc 89.24 89.88 0.64 4.33 0.626
Bladder D1cc 76.18 76.52 0.34 4.86 0.811
Bladder D2cc 70.22 71.00 0.78 3.59 0.465
Rectum DO0.1cc 93.54 94.74 1.20 5.87 0.495
Rectum D1cc 79.97 81.30 1.33 4.55 0.334
Rectum D2cc 73.95 74.68 0.73 4.22 0.565

192,

Table 3. The volume parameters differences between *“Ir and “°Co brachytherapy planning from Cylindrical

technique.

Ave. volume Ave. volume %volume Standard P-value

Parameters of "Ir(%) of ®°Co(%) difference, deviation
*°Co -"*2Ir)

HR CTV V100% 93.17 94.33 1.16 6.34 0.538
HR CTV V150% 60.12 65.09 4.97 11.26 0.154
HR CTV V200% 38.84 42.37 3.53 7.92 0.151
HR CTV V400% 12.33 12.21 -0.12 3.36 0.904

Table 4. The dose parameters and point differences between *Ir and “Co brachytherapy planning from
Cylindrical technique.

%dose
Parameters Ave1;;2dose of AVZ)' dose of difference, Star.1d:.:1rd P-value
Ir(%) Co(%) Co -*r) deviation
HR CTV D100% 72.97 73.59 0.62 10.10 0.836
HR CTV D90% 108.72 114.77 6.05 13.91 0.160
Bladder D0O.1cc 94.54 107.28 12.74 20.07 0.050
Bladder D1cc 77.38 83.59 6.21 11.18 0.081
Bladder D2cc 70.33 T74.77 4.44 9.67 0.140
Rectum DO.1cc 103.87 111.43 7.56 15.20 0.113
Rectum D1cc 85.83 91.05 522 12.84 0.187
Rectum D2cc 77.11 80.67 3.56 9.46 0.220
0.5 cm from tip of applicator 68.79 113.86 45.07 36.46 0.001
1 cm from tip of applicator 40.20 63.31 23.11 15.29 <0.001

Note: Vx% being defined as the volume exposed to a dose 2x % of a volume of interest
Dx% being defined as the dose exposed to x% of a volume
Dxcc being as the dose exposed to volume of x cc
p<0.05 meaning as “statistically significant” difference
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Discussion

The hypothesis of this study is that there are
dosimetric and volumetric differences between 2
planning calculated by 'Ir source data and *Co
source data. From the results, it was found that the
mean of %dose volume parameter differences
between 2 treatment planning systems was not
statistically significant different, except point dose at
distance of 0.5 cm and 1 cm for cylindrical technique.
The results of dose volume parameter comparison
were inconsistent with the hypothesis. This is because
the differences in the physical characteristics of "Ir
source and “Co source are not so much to make a
difference of mean of the dose volume parameters.
The result is compliant with previous research.
Palmer et al” reported that there was no significant
difference in D90% between Ir source and *“Co
source. Our work used tandem and ovoids techniques,
and cylindrical techniques that are different from
Palmer et al’s study which used an intrauterine tube
(IU) and a two-channel ring. However among 3
techniques provided the same result in D90%. In
point dose from the applicator tip along the source
axis (point dose at distance of 0.5 cm and 1 cm for

cylindrical technique), there is a statistically significant
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