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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 

tissues meanwhile increasing the dose to the tumor. 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. The 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. The quality assurance of the image system showed that 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 were more 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 Memorial 

Hospital. The calculated PTV margins in the lateral (X), longitudinal (Y), vertical (Z) directions reduce 

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. 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 treated with 

VMAT technique. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background and rationale 

 The aim of curative radiotherapy is to deliver a high dose of radiation to the tumor 

tissue at the same time gives the minimum dose to the normal tissues, so it is important 

to keep in mind that margins are applied in three dimensions 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.[1, 2] 

  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 from 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 (2.5+0.7). The PTV margins needed 

to deliver with 95% of the prescription dose in the CTV for 90% of the patient could be 

computed.[3, 4] 

 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 

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) were introduced as the modern 

radiotherapy treatment technique that have very conform of high dose according to 

tumor volume while it can spare more dose to 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 
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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.  

 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.  

 Therefore, the purpose of this research is to define the PTV margins based on Van 

Herk’s formula in prostate cancer patients who treated with VMAT technique by 

accounting for the patient setup error as inter-fraction motion (using CBCT before 

treatment) and patient movement during treatment as intra-fraction motion (using 

CBCT after treatment). 

1.2 Objective 

 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. 



 

 

CHAPTER 2 

LITERATURE REVIEW 

 
2.1 Overview 

2.1.1 Prostate cancer  

Prostate cancer is a disease in which malignant (cancer) cells form in the tissues 

of the prostate. The prostate is a gland in the male reproductive system located just 

below the bladder and in front of the rectum as shown in figure 2.1. The prostate size 

is about a walnut and it is surrounded by the urethra (the tube which empties urine from 

the bladder). The prostate gland produces fluid which makes up part of the semen. 

There are no noticeable symptoms of prostate cancer while it is still in the early stages. 

Making the PSA test is only a critical screening tool. The optimal time for prostate 

cancer treatment is before symptoms appear. In more advanced stages, symptoms may 

include difficult or frequent urination, blood in the urine or bone pain.  

 

Figure 2.1 The anatomy of male reproductive tract (prostate gland) [5] 

2.1.1.1 Treatment 

Treatment for prostate cancer may involve active surveillance, surgery, radiation 

therapy including brachytherapy (prostate brachytherapy) and external beam radiation 

therapy, chemotherapy, or some combination. All treatments can have significant side 

effects, such as erectile dysfunction and urinary incontinence, treatment discussions 

often focus on balancing the goals of therapy with the risks of lifestyle alterations. 

http://en.wikipedia.org/wiki/Prostate_cancer
http://en.wikipedia.org/wiki/Active_surveillance_of_prostate_cancer
http://en.wikipedia.org/wiki/Surgery
http://en.wikipedia.org/wiki/Radiation_therapy
http://en.wikipedia.org/wiki/Radiation_therapy
http://en.wikipedia.org/wiki/Brachytherapy
http://en.wikipedia.org/wiki/Prostate_brachytherapy
http://en.wikipedia.org/wiki/Chemotherapy
http://en.wikipedia.org/wiki/Adverse_effect_(medicine)
http://en.wikipedia.org/wiki/Adverse_effect_(medicine)
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The early stage disease is usually managed by one of the following treatments 

observation; not immediate treatment is carried out. PSA blood levels are regularly 

monitored. 

 Radical prostatectomy: the prostate is surgically removed. 

 Brachytherapy: radioactive seeds are implanted into the prostate 

 External beam radiation therapy: the radiation beams are delivered 

precise radiation doses to a malignant tumor. 

The advanced prostate cancer occurs when a tumor develops in the prostate 

gland spreading outside the prostate. The most common sites of this prostate cancer are 

spread to the lymph nodes and bones. This is also called metastatic prostate cancer. 

Currently, no treatment option can cure advanced/metastatic prostate cancer. However, 

there are effective ways to help slow its spread, prolong life, and control its symptoms 

those are hormone therapy, chemotherapy, immunotherapy, and clinical trials.[6, 7] 

2.1.2 Basic principles of conformal radiotherapy  

The dose distribution in tissue is shaped in such a way that the high-dose region 

is located in the target volume, with a maximal therapeutic effect throughout the whole 

volume. In the adjacent healthy tissue, the radiation dose has to be kept under the limit 

for radiation damage. This means a steep dose falloff has to be reached between the 

target volume and the surroundings; thus, in radiotherapy there is a rule stating that with 

a decrease of dose to healthy tissue, the dose delivered to the target volume can be 

increased.  

2.1.3 Work flow in advanced radiotherapy   

The physical and technical basis of the radiation therapy covers different aspects 

of all links in the “chain of radiotherapy” as illustrated in figure 2.3. 

2.1.3.1 Patient immobilization 

The fixation of the irradiated body area or organ is necessary for advanced 

radiation therapy. Modifications of the position of the patient relative to the treatment 

machine can lead to dangerous dose errors. Numerous immobilization devices and 

techniques have been developed for radiotherapy. Immobilization devices have two 

http://www.medicalnewstoday.com/articles/articles/150108.php
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fundamental roles: those are to immobilize the patient during treatment and to provide 

a reliable means of reproducing the patient’s position from simulation to treatment, and 

from one treatment to others. 

2.1.3.2 Imaging and tumor localization    

The best way of determining the PTV and OAR is on the basis of multiple-

modality 3D image data sets such as X-ray computed tomography (CT), magnetic 

resonance (MRI). Routinely, X-ray CT is the most common tomographic imaging 

method. The registration of all these imaging modalities for the purpose of defining 

target volumes and organs at risk is highly desirable. Three-dimensional image 

registration is a computer tool which is able to match the 3D spatial information of the 

different imaging modalities by using of either external or internal anatomic landmarks. 

2.1.3.3 Treatment planning 

The goal of treatment planning is the determination of a suitable and practicable 

irradiation technique which results in a conformal dose distribution; thus, treatment 

planning is a typical optimization problem. Three dimensional conformal radiation 

therapy (3DCRT) is planned in forward planning, the planner chooses the number and 

angles of the radiation beams in advance and computers calculate how much dose will 

be delivered from each of the planned beams. When the treatment volume conforms to 

the shape of the tumor, the relative toxicity of radiation to the surrounding normal 

tissues is reduced, allowing a higher dose of radiation to be delivered to the tumor than 

conventional techniques would allow.[8] 

The inverse planning for modulated radiotherapy is able to automatically 

calculate a treatment technique which leads to the best coverage of the target volume 

and sufficient sparing of healthy tissue. 

Intensity-modulated radiation therapy (IMRT) is an example planned in inverse 

treatment planning. The radiation oncologist gives the radiation doses to different areas 

of the tumor and surrounding tissue, sets priority, beam angles and number of beams. 

After the highly quality computing applications are used to perform optimization.  

IMRT is an advanced type of high-precision radiation and uses hundreds of tiny 

radiation beamlets to deliver the radiation dose. The gantry is stationary and allows the 

http://en.wikipedia.org/wiki/Optimization_(mathematics)
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intensity of the radiation beams to change during patient treatment. IMRT also 

improves the ability to conform the treatment volume, especially to concave tumor 

shapes. The radiation dose intensity is high near the gross tumor volume while radiation 

among the neighboring normal tissue is low. IMRT results are better tumor targeting, 

lesser side effects and more improve patient treatment outcomes than even 3DCRT.[9] 

At present time, the most modern and advanced technique in radiotherapy is 

volumetric modulated arc therapy (VMAT) that is more advanced form of IMRT. The 

gantry is rotated around the patient during radiation delivered with beam modulation 

from MLC movement, dose rate variation and gantry speed. Dose distributions can be 

conformed to the planning treatment volume, reduce dose to surrounding tissues and 

decrease duration time of the treatment delivery. This new technology also offers the 

radiation oncologist for more control and flexibility to deliver a carefully targeted dose 

so that only the tumor receives a high dose of radiation. Three-dimensional imaging 

technology aids in the precision of the radiation that can help the doctor to see the tumor 

clearly at the time of treatment. 

VMAT technique is based on inverse planning optimization, the physicist must 

specify in advance to desire dose distribution, and then the computer will calculate a 

set of beam intensities that will produce as close as possible the desired dose 

distribution. For the VMAT treatment process, starting with CT images acquisition 

from CT simulator, then radiation oncologist contours the target volumes and organs at 

risk and prescribes radiation doses for planning target volume and defines dose limit 

for organs at risk according to standard protocol. After that the physicist performs dose 

optimization by selecting the suitable energy, number of arcs and arc angle. Then, the 

proper dose constraints and priority of both PTV and organs at risk were filled during 

optimization process. This technique can reduce the number of monitor unit and also 

treatment time that is the main advantage than IMRT.[10, 11] The dose distribution of 

VMAT plan of prostate cancer is illustrated in figure 2.2. 

http://patient.varian.com/us/glossary#IMRT
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Figure 2.2 VMAT dose distribution in treatment planning 

2.1.3.4 Patient positioning  

The patient position of radiotherapy is the link between treatment planning and 

the irradiation, as is called problem of patient positioning. The problem is to accurately 

transfer the planned irradiation technique to the patient. In practice, this means that the 

patient first of all has to be placed inexactly the same position as the 3D imaging. This 

is performed with a suitable immobilization device, which can be used during imaging 

and treatment. 

2.1.3.5 Treatment 

The most essential link in the chain of radiotherapy is treatment, it characterizes 

by radiation delivery. Modern radiotherapy, especially when there is a curative 

intention, is practiced as 3D conformal radiotherapy. Most conformal radiotherapy 

treatments are performed by external radiation with photons. 

2.1.3.6 Quality management in radiotherapy 

All steps and links of the chain of radiotherapy which are shown in figure 2.3 are 

subject to errors and inaccuracies, which may lead to treatment failure or injury of the 

patient. A careful network of quality assurance and verification has to be established in 

a radiotherapy unit in order to minimize these risks.[8] 
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Figure 2.3 Chain of radiotherapy. (From Schlegel and Mahr2001) 

2.1.4 Image guided radiation therapy (IGRT) with cone beam CT.  

The main goal of IGRT is to manage inter-fraction motion to confirm the 

treatment field before treatment, however, it can be used as intra-fraction motion to 

analyze the patient movement during treatment. These two types of motion patterns are 

possible to apply to reduce margins and optimize treatment designs. Traditional, 

patients are positioned according to skin marks for radiotherapy treatment. This 

assumes that the inside of the patient and consequently the position of the tumor remain 

unchanged during the whole treatment course. However, this simplification has been 

shown to be wrong for a many tumors, especially the tumor in moveable organs: e.g., 

prostate cancer, lung cancer, and liver cancer. If the target position is not verified prior 

to irradiation, a different position of the target could result in reduced doses to the tumor 

and higher than planned doses to surrounding organs at risk. Decreased rates of local 

control and higher rates of side effects are consequences. IGRT technology accounts 

for motion to ensure that the target is in the same position every treatment session for 

improving the precision and accuracy of the delivery treatment results. The modern 

linear accelerators are normally equipped with imaging device that take pictures of the 

treatment fields immediately to verify tumor position prior to treatment.[12-14] 

IGRT makes use of many different imaging techniques, the modalities ranging 

from portal imaging, diagnostic x-ray imaging, in-room CT (both conventional and 

cone-beam with kilovoltage and megavoltage) and intra-fraction tumor tracking. 

Portal imaging has progressed from the use of film as the imaging detector, 

through screen/camera imagers and liquid ionization chambers, to solid-state flat panel 
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detectors. The electronic portal imaging device (EPID), flat panel detector fitted to the 

linear accelerator and a component that digitizes and displays the images on the 

computer screen, is emerging as the new standard detector for portal imaging in IGRT. 

Recent developments include the software to analyze the portal images and compare 

them with treatment planning images. 

Diagnostic x-ray imaging is an additional X-ray source/detector system 

perpendicular to the treatment beam axis or 2 additional gantry mounted x-ray systems 

with central axes intersecting with each other at the Linac’s isocenter. The approach of 

using diagnostic X-rays for treatment set-up verification offers a three advantage: (a) 

Image quality (a well-documented problem in MV-based imaging) is no longer an issue, 

especially in combination with aSi detectors, (b) patient dose becomes less important 

compared to daily MV imaging, and (c) the modality can be used in fluoroscopic mode 

during treatment. 

In-room CT is the first way to visualize soft tissue prior to treatment and defining 

the spatial relationship between target and organs at risk. A conventional CT scanner is 

placed in the treatment room, either on the same couch axis as the LINAC gantry, or on 

an orthogonal axis to the gantry. A single couch serves the CT scanner and the beam 

delivery system. The couch is first rotated into alignment with the CT scanner to acquire 

a pretreatment CT. The CT scanner is mounted on rails so that it, rather than the couch, 

moves in the axial direction relative to the patient to collect a volumetric scan. 

Cone-beam CT uses either the therapy beam itself (MV-CBCT) or a gantry-

mounted kilovoltage source and detector (kV-CBCT). Cone-beam CT is a full CT scan 

of the patient on the treatment couch that acquired immediately before treating the 

patient. The time of CBCT scanned and reconstructed takes in less than 2 minutes. In 

order to verify the patient setup accuracy, the automatically or manually registration 

between CBCT and planning CT images are normally used. The purpose of image 

registration is to determine the translation in three directions (up-down, left-right, and 

superior-inferior). The translation of treatment couch can be done automatically or 

manually to the correct position.[15, 16] The image-guided radiation therapy (IGRT) 

system is illustrated in figure 2.4. 
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Figure 2.4 Image guided radiation therapy (IGRT) system for EPID and OBI 

2.1.4.1 Image registration 

Image registration is used widely for treatment planning, organ motion studies, 

image guidance, and follow up. The purpose of image registration is to find the 

transformation (translation, rotation, deformation) that maps one scan onto another. The 

scans can be combined and registered on a pixel-by-pixel basis (e.g., for target volume 

delineation), or differences can be quantified (for image guidance and follow up). In 

radiotherapy, image registration is mostly used to align rigid structures, e.g., bone, in 

multiple scans. Bone acts as a frame of reference for treatment relative to which the 

position of organs of interest is determined. In this study, the first image automatic 

image registration are performed, online analysis of images using the registration 

between the CBCT images and the reference images (planning CT scans). The 

algorithm assumes that the tumor organ behaves approximately as a rigid body (three 

translations, three rotations, no shape changes). The start position of the algorithm was 

a registration of the bony anatomy. After manual image registration are performed. The 

translations and rotations of the CBCT image with respect to the reference images was 

done manually of natural mark calcification before treatment to check the patient setup 

error and move the patient to correct position, then measure shifts are automatically 

downloaded to the treatment couch. After the treatment couch moves automatically and 

treat patient. The second image registration is done again for checking the patient 
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movement during treatment.[17] The registration between CBCT and CT in pelvis region 

is illustrated in figure 2.5. 

 

      Figure 2.5 Registration between CBCT and CT in pelvis region 

2.1.5 Definition of target volume for radiotherapy planning  

The target volume must be delineated according to guideline established by 

International Commission on Radiation Units and Measurements (ICRU) number 62 

and 83.[18, 19] The target volumes delineation are defined as principal of the margin 

needed for uncertainty in the process of planning and delivery related to three-

dimensional treatment planning. The target volume definition for radiotherapy planning 

is illustrated in figure 2.6. 

 

 

Figure 2.6 Definition of target volume in ICRU62/83 

CBCT CT 
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2.1.5.1 Gross tumor volume (GTV) 

GTV is the visible tumor or palpable disease extent and location of malignant 

growth. The GTV is usually based on information obtained from a combination of 

imaging modalities (CT, MRI, ultrasound, etc.), diagnostic modalities (pathology and 

histological reports, etc.) and clinical examination. 

2.1.5.2 Clinical target volume (CTV) 

CTV is the tissue volume that contains a demonstrable GTV plus a region of 

tissue to account for areas of suspected subclinical spread of the tumor. This volume 

thus has to be treated adequately in order to achieve the aim of therapy, cure or 

palliation. It is usually determined by the radiation oncologist, often after other relevant 

specialists such as pathologists or radiologists have been consulted. 

2.1.5.3 Internal target volume (ITV) 

ITV consists of the CTV plus an internal margin (IM). The internal margin is 

designed to take into account the variations in the size and position of the CTV relative 

to the patient’s reference frame (usually defined by the bony anatomy), i.e., variations 

due to organ motions such as breathing, bladder or rectal contents, etc. 

2.1.5.4 Planning target volume (PTV) 

PTV is the ITV including geometrical uncertainties in daily set-up and machine 

tolerances. It is defined to select appropriate beam arrangements, taking into 

consideration the net effect of all possible geometrical variations, in order to ensure that 

the prescribed dose is actually absorbed in the CTV. 

2.1.5.5 Organ at risk (OAR) 

OAR is an organ whose sensitivity to radiation such that the dose received from 

a treatment plan may be significant compared to its tolerance, possibly requiring a 

change in the beam arrangement or a change in the dose.[20] 

2.1.6 Types of patient motion  

The motion in radiotherapy issue can be divided into 2 categories. 
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2.1.6.1 Inter-fraction motion 

The patient position changes between treatment sessions, i.e., patient setup 

changes and patient anatomy changes (tumor shrinking, organ fill status). 

2.1.6.2 Intra-fraction motion 

The patient position changes during a treatment session, i.e., breathing, gas 

passing and uncooperative patient. Both of these motions may affect to systematic and 

random error. 

2.1.7 The error in radiotherapy  

2.1.7.1 Systematic error ( ) 

The systematic component of any error is a deviation that occurs in the same 

direction and is similar magnitude for each fraction throughout the treatment course. 

The systematic error represents the mean irradiation geometry in the fractionated 

treatment difference from the geometry in the treatment plan. The term systematic error 

refers to the individual patient or to the treatment population. This distinction is to be 

clarified as. 

 Individual- systematic error for individual patient is the mean error over the 

course of treatment. 

 Population- systematic error for a group of patients is an indication of the spread 

of individual mean error. It is calculated as the standard deviation (SD) of the 

distribution of mean error for each individual patient and is given the capital 

sigma symbol (). 

 Systematic errors may be introduced into a patient’s treatment at the localization, 

planning or treatment delivery phases. For this reason these types of errors are often 

referred to as treatment preparation errors. Systematic error will occur in each treatment 

fraction. Possible treatment preparation errors are summarized below. 

 Target delineation error – this may be introduced when the CTV is first 

delineated and represents the difference between the defined and ideal CTV. 
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 Target position and shape – this is a change in target position and shape between 

delineation and treatment. Possible causes includes tumor regression or growth, 

bladder filling and rectal distension. 

 Phantom transfer error – this is the error that accumulates when transferring 

image data from initial localization through the treatment planning system to 

the linear accelerator. It is measured using a test phantom and may be sub-

divided into geometric imaging, treatment planning system and linac geometry 

error. Possible causes include differences in laser alignment between CT and 

linear accelerator, CT couch longitudinal position indication image resolution, 

margin growing algorithm, field edge and multileaf collimator (MLC) leaf 

position, isocentre location, source to surface distance indication, gantry and 

collimator angle accuracy. 

 Patient set-up error – this describes all cause of treatment set-up error or by the 

phantom transfer error and includes all the errors listed under gross error. 

Possible causes include changes in the patient’s position, shape or size, i.e. 

weight change. It also encompasses more subtle effects such as the displacement 

of target relative to skin set-up marks caused by the CT scan and treatment being 

performed on different couches. Patient set-up error is only one possible 

component of the overall measured systematic set-up error. The chosen method 

of treatment verification will determine how many of the above sources of 

systematic error will be incorporated into measured into the measured set-up 

error. 

2.1.7.2 Random error (σ) 

The random error is a deviation that can vary in direction and magnitude for each 

delivered treatment fraction. The random variations represent the mean deviation 

around fraction-to-fraction variations. The term random error refers to the individual 

patient or to the treatment population. This distinction is to be clarified as. 

 Individual- random error for individual patient is the standard deviation (SD) of 

the measured errors over the course of treatment and quantifies and spread of 

errors. 
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 Population- random error for a group of patients is calculated as the mean of the 

individual random errors and is given the lower case sigma symbol (σ). 

Random error occurs at the treatment delivery stage that can be often referred to 

treatment (or daily) execution errors. They are summarized below. 

 Patient set-up errors – these are varying, unpredictable changes arising from 

change in a patient position, treatment equipment or set-up methodology 

between each delivered fraction. 

 Target position and shape – the change in target position and shape between 

fractions. This error is essentially the same as that described above for 

systematic errors but accounts for motion between fractions rather than from 

delineation to treatment. 

 Intra-fraction errors – this describes changes in the patient’s position and 

internal anatomy arising during the delivery of a single fraction, for example, 

due to breathing. 

Random errors are influenced by the immobilization system, patient compliance 

and department protocols. If a new immobilization device is introduced, it is likely that 

the random error will be affected. The daily set-up errors plotted (in millimeters) from 

anterior – posterior images acquired for two patients over the course of their treatment. 

Patient 1 exhibits a small systematic (mean) set-up compared to Patient 2. Patient 1 has 

a larger, random spread of errors than Patient 2 as illustrated in figure 2.7 and 2.8. 

 
Figure 2.7 Set-up errors in Patient 1 (mm) 

 Patient 2 set-up displacements 

× Average (systematic) error 

 

Left - right 
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Figure 2.8 Set-up errors in Patient 2 (mm) 

 The considering geometric uncertainties in radiotherapy are influenced by the 

systematic errors, whereas random errors point in different directions for each treatment 

fraction. It is generally smaller value of random errors than systematic errors. The 

blurring effect of the random errors leads to small decreasing of dose at the edge of the 

high dose region that will moderately affect all patients. The systematic errors, on the 

other hand, lead to a shift of the dose that will strongly affect to some patients (i.e., 

when the shift is such that the CTV moves outside the high-dose region). When 

allowing a fixed reduction of the minimum cumulative dose (i.e. to 95%), the margin 

for random errors is small (i.e. 0.7). 

 The impact of geometric deviations on the dose distribution is relative to the CTV. 

Random (Treatment execution) deviations lead to a blurring of the dose distribution, 

while systematic (Treatment preparation) deviations lead to known shift in the 

cumulative dose distribution relative to the CTV as illustrated in figure 2.9. The normal 

situation comprise a combination of systematic and random components. The 

systematic error will remain throughout the course of treatment potentially 

compromising dose coverage to the CTV.[21, 22] 

  

 Patient 2 set-up displacements 

× Average (systematic) error 
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                       Figure 2.9 The impact of geometric deviations  

Geometrical uncertainties are separated into systematic and random errors to the 

dose distribution over the CTV and allows evaluation of the probability distribution to 

the minimum dose delivered to the CTV. There are the various margin recipes from the 

literatures to define the margins required for these errors. Stroom’s and Van Herk’s 

margin determinations are based on varying contribution of systematic and random 

errors depending on percentage population, CTV or dose level coverage. Stroom’s 

margin ensures percentage coverage of CTV volume by a particular dose of 2Σ + 0.7σ. 

Stroom’s margin aims at coverage of 99% of CTV volume by 95% of the prescribed 

dose. The widely Van Herk’s margin determines contribution of systematic errors and 

estimates population coverage (Σ), 2.50 is required for 90% population coverage. 

Similarly, linear addition of varied contribution of random errors will result in different 

dose level coverage, e.g., 0.7σ (95%). The generally used PTV margins determine of 

2.50Σ + 0.7σ to ensure 90% population coverage for 95% prescribed dose.[3, 23-25]  
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2.2 Review of related literatures 

Tanyi J.A., He T., Summers P.A., et al.[4] studied of the determination planning 

target volume margins for prostate cancer based on inter- and intra-fraction motion. In 

this study, 14 patients who underwent definitive intensity-modulated radiotherapy for 

prostate cancer using four daily localization techniques: three-point skin mark 

alignment, volumetric imaging with bony landmark registration, volumetric imaging 

with implanted fiducial marker registration and implanted electromagnetic 

transponders (beacons) detection. Each patient was implanted with three electro- 

magnetic transponders and underwent a course of 39 treatment fractions. Daily 

localization was based on three-point skin mark alignment followed by transponder 

detection and patient repositioning. Transponder positioning was verified by volumetric 

imaging with cone-beam computed tomography of the pelvis. Relative motion between 

the prostate gland and bony anatomy was quantified by offline analyses of daily cone-

beam computed tomography. Intra-treatment organ motion was monitored 

continuously by the Calypso System for quantification of intra-fraction setup error. The 

results as expected, setup was largest with skin mark alignment, requiring margins of 

7.5 mm, 11.4 mm, and 16.3 mm, in the lateral (LR), longitudinal (SI), and vertical (AP) 

directions, respectively. Margin requirements accounting for intra-fraction motion were 

smallest for transponder detection localization techniques, requiring margins of 1.4 mm 

(LR), 2.6 mm (SI), and 2.3 mm (AP). Bony anatomy alignment required 2.1 mm (LR), 

9.4 mm (SI), and 10.5 mm (AP), whereas image-guided marker alignment required 

2.8mm (LR), 3.7 mm (SI), and 3.2mm (AP). Clinically reliable tools such as the 

electromagnetic transponder detection system for pretreatment target localization and, 

subsequently, intratreatment target location monitoring allow clinicians to reduce 

irradiated volumes and facilitate safe dose escalation. 

Juan-Senabre X.J., Lopez T.J., Conde M.A., et al.[26] evaluated the magnitude of 

systematic and random errors from a subset of 100 prostate and 26 head and neck 

(H&N) cancer patients treated with conventional conformal radiotherapy. After 

treatment, the uncertainties involved and the CTV to PTV margins were evaluated. An 

inter observer study was also performed to evaluate the influence of inter and intra-

observer variation for matching on the CBCT image sets. The first CBCT before 
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treatment of each one of first five fractions and the following CBCT acquired were used 

to calculate the set-up uncertainty (inter-fraction uncertainty). The second CBCT after 

treatment of each one of the first five fractions were used to calculate the internal 

motion uncertainty (intra-fraction uncertainty). Finally, the total uncertainty was 

obtained by the equation 2.1 and 2.2, and the suggested margin (PTV margin) was 

calculated by equation 2.3. This ensured a minimum dose of 95% of that prescribed in 

the CTV for 90% of patients. 

Σtot
2 = Σsetup

2 + Σint motion
2 + Σinterob

2 ………………..……………   (2.1) 

σtot
2 = σsetup

2 +  σint motion
2

 + σinterob
2

………………………..……………………    (2.2) 

PTVmargin = 2.5Σtot+ 0.7σtot…………………………………………….………………..    (2.3) 

The result showed small inter-observer variability. From the inter-fraction 

measures, set-up uncertainties were assessed. It is expected that the group systematic 

(M) values should be close to zero. This was accomplished for all outcomes except for 

RL H&N translations, where the value found was 1.0 mm. One explanation for this 

could be the tumor shrinkage during the treatment observed in several patients. Then, 

the mask was not tight enough for the patient. Finally, the main uncertainties were 

detected in the RL direction for H&N treatments (5.3 mm for CTP to PTV margin) and 

in the AP direction for prostate treatments (8.6 mm for CTP to PTV margin). For 

prostate, it is worth mentioning the AP systematic translation error and LR systematic 

rotation error values obtained. These are due to the prostate’s own pendulum motion, 

deformation produced by the continuous changes in the size of the bladder and rectum. 

From the intra-fraction measures, internal motion uncertainties were determined. For 

H&N treatments CTV to PTV margins were within 0.5 mm, and within 2-3 mm for 

prostate treatments. 

Kataria T., Abhishek A., Chadha P., et al.[27] determined the inter-fractional of 

three-dimensional set-up errors using X-ray volumetric imaging (XVI). The 125 

patients were sub grouped into tumors of brain, head and neck, thorax, and abdomen-

pelvis. After matching of reference and acquired volume view images, set-up errors in 

three translation directions were recorded and corrected online before treatment each 

day. Mean displacements of population systematic (Σ) and random (σ) errors were 
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calculated and analyzed using SPSS (v16) software. The optimum CTV to PTV margins 

was calculated using Van Herk's (2.5Σ + 0.7σ) and Stroom's (2Σ + 0.7σ) formulas.  The 

mean vector displacement recorded were 0.18 cm, 0.15 cm, 0.36 cm, and 0.35 cm for 

brain, head and neck, thorax, and abdomen-pelvis, respectively. Analysis of individual 

mean set-up errors revealed good agreement with the proposed of 0.3 cm isotropic 

margins for brain and 0.5 cm isotropic margins for head-neck. Similarly, 0.5 cm 

circumferential and 1 cm craniocaudal proposed margins were in agreement with thorax 

and abdomen-pelvic cases. The calculated mean displacements were well within CTV-

PTV margin estimates of Van Herk (90% population coverage to minimum 95% 

prescribed dose) and Stroom (99% target volume coverage by 95%prescribed dose). 

Employing these individualized margins in a particular cohort ensured comparable 

target coverage as described in literature, which was further improved if XVI-aided set-

up error detection and correction was used before treatment. 



 

 

CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Research design 

This study is observational descriptive study with prospective method. 

3.2 Research question 

          What are the PTV margins in VMAT prostate cancer patients using CBCT 

technique? 

3.3 Research design model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Research design model 
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3.4 Conceptual framework 

 

 
Figure 3.2 Conceptual framework 

3.5 The sample size determination 

3.5.1 Target population 

The 15 patients who were treated with VMAT technique of prostate cancer in 

TrueBeam linear accelerator and used prostate protocol according to King 

Chulalongkorn Memorial Hospital from March 1st to November 30th, 2014. 

3.5.2 Sample population 

 The sample size determined using formula as following 

N pair =   (Z/2+ Z²² 

                          d² 

Where; - Z is the percentile of the normal distribution  

  - Z/2 =1.96,   Z  = 1.28(which correspond to 95% CI) 

                  - 2is the variance of patient set-up error and patient             

movement, = 0.119 (From pilot study)  

         - d2is the mean difference of patient set-up error and patient 

movement, d= 0.099 (From pilot study) 

  - N is sample size, N= 15 cases 
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3.6 Materials 

3.6.1 CT simulator 

The CT simulator scanner with 4 slices GE LightSpeed RT (GE Medical system, 

Waukesha, WI, USA) is a multi-slice CT scanner with simultaneous collecting 4 rows 

of scan data. The distance from tube to isocenter is 606 mm. and the distance from the 

tube to detector focus is 1062 mm. Bore diameter is 800 mm. The machine is illustrated 

in figure 3.3. The 3D images from CT are employed for treatment planning and are 

used as the standard for the treatment verification. 

 

 

Figure 3.3 CT simulator scanner with 4 slices (GE LightSpeed RT) 

3.6.2 Linear accelerator with the OBI system 

The Varian TrueBeamTM linear accelerator (Varian Medical system, Inc, Palo 

Alto, USA) with the On-Board Imager (OBI) system has photon beams of 6 MV, 

10MV, 6MV(FFF), 10MV(FFF) and six electron beam energies of 6,9,12,15,18 and 22 

MeV as illustrated in figure 3.4. The maximum photon field size is to 40×40 cm2 at 

isocenter. The distance from the target to isocenter is 100 cm. The maximum dose rates 

are 600 MU/min for conventional mode, 1400 MU/min for 6XFFF high intensity mode 

and 2400 MU/min for 10XFFF high intensity mode. The 120 Multileaf Collimator 

(120™ MLC) with 5mm leaves wide are designed for inner 20x20 cm2 field and 10 mm 

leaves width for peripheral fields. In this study, 10 MV photon beam is used to treat the 

prostate cancer patient. 
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The On-Board Imager (OBI) is a kV imaging system that can be installed in high 

energy linear accelerators. The OBI acquires high-quality digital images in the 

treatment room, allowing to position a patient accurately before treatment. The OBI 

consists of a kV X-ray source and an amorphous silicon panel. The kV imaging system 

moves as the gantry rotates and shares the same isocenter as the MV treatment beam. 

This system robotically controlled arms that operate with three axes of motion, 

optimizing positioning of the imaging system. It enables used to improve tumor 

targeting, reduce side effects by reducing treatment margins and develop new 

treatments using hypo-fractionated techniques. The OBI software is the program for 

manual or automatic registration with the Mutual information method as illustrated in 

figure 3.5. This software is used for detection of the patient setup error (inter-fraction) 

and patient movement during treatment (intra-fraction). Both 2D radiographic 

projections and 3D Cone beam computed tomography (CBCT) images can be acquired 

with the OBI. CBCT uses a cone-beam x-ray source that encompasses a large volume 

with a single or half rotation around the patient. Images are reconstructed into 3D 

images kV imaging system provides improved tumor targeting using high resolution 

and low-dose digital imaging.[28] The treatment plan can be adjusted according to the 

anatomical changes by using this system during the treatment course of radiation 

therapy as called adaptive radiotherapy (ART). 

 

 

Figure 3.4 Varian TrueBeam linear accelerator with the OBI system 

 

kV Source 

MV Source 

kV Detector 

MV Detector 
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         Figure 3.5 On-Board Imager (Version2.0) software 

3.6.3 Eclipse treatment planning system (TPS) 

Eclipse treatment planning version 11.0.31(Varian Medical System, Palo Alto, 

CF, and USA.) is an integrated treatment planning system supporting radiation 

treatment modalities such as 2D, 3D conformal, IMRT, VMAT and electron beam. 

Eclipse is designed to increase productivity for clinicians using leading edge automated 

tools to create, import and optimize plans across numerous multiple linear accelerators. 

The Eclipse treatment planning system is illustrated in figure 3.6. 

 

 

        Figure 3.6 Eclipse treatment planning system (TPS) V 11.0.31 

3.6.4 Alderson RANDO phantom 

The Alderson RANDO phantom incorporates materials to simulate various body 

tissue-muscle, bone, lung and air cavities. It makes of tissue equivalent material with a 
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density of 0.985 g/cm3 and effective atomic number of 7.3. It is modeled according to 

the International Commission on Radiation units and Measurement (ICRU) Report No 

44. The phantom is shaped into a human torso and is sectioned transversely into slices 

of 2.5 cm each containing a matrix of 0.5 cm diameter holes spaced 3 cm apart. The 

Alderson RANDO phantom is illustrated in figure 3.7. 

 

 

Figure 3.7 Alderson Rando phantom 

3.6.5 CATPHAN 504 phantom 

The CATPHAN 504 phantom (The Phantom Laboratory, Salem, NY) composes 

of several modules for image quality QC, which each module containing different test 

object. The phantom needed to be scanned only once for a given CBCT protocol to 

perform the different test in the modules. The CATPHAN phantom is used to measure 

various image quality parameters i.e., image uniformity, high-contrast resolution and 

low contrast resolution. The CATPHAN 504 phantom is illustrated in figure 3.8. 
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Figure 3.8 CATPHAN 504 phantom 

3.7 Methods 

The process was divided into the quality control performance of treatment 

machines and imaging system, then the clinical data for systematic and random data for 

prostate cancer patients were collected in the following sequence. 

3.7.1 The accuracy of couch movement 

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. The couch position verification is 

illustrated in figure 3.9. 

 

                               

                  (a)         (b) 

Figure 3.9 Couch position verification (a) for vertical direction, (b) for longitudinal 

                  directions 
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3.7.2 The quality control of CBCT images 

The center of CATPHAN 504 phantom was placed on the treatment couch at the 

imaging isocenter. The pelvis CBCT protocols were selected for the scan of phantom. 

The CBCT images were analyzed according to Varian acceptance test in density 

calibration, spatial linearity measurement, image uniformity, high and low contrast 

resolution. The Catphan phantom setting up is illustrated in figure 3.10. 

 

 

Figure 3.10 The setup of Catphan phantom for image quality control 

3.7.2.1 Density calibration 

The accuracy of the HU values was verified using the poly vinyl alcohol (PVA) 

calibration tool to calibrate the HU values of the Catphan phantom of CTP 404 module. 

The 14x14 pixels ROIs were selected to measure each homogenous substance of the 

Catphan phantom at air, Acrylic, and Low density polyethylene (LDPE) position and 

the different mean value of HU was determined in each position. The actual values were 

compared to the specification (within±50 HU). The density calibration specification is 

illustrated in figure 3.11. 
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                                            (a)                                               (b) 

Figure 3.11 Density calibration (a) diagram, (b) image result 

3.7.2.2 Spatial linearity (Distance) 

The distance was verified by measuring the distances between the 

verification holes located (Three Air and one Teflon) on Catphan phantom using the 

measuring tool of CTP 404 Module. The measured distances at lines number 1, 2, 3 and 

4 were compared with specification (within±5mm). The Spatial linearity (Distance) is 

illustrated in figure 3.12. 

 

Figure 3.12 The spatial linearity test 

3.7.2.3 Image uniformity  

The uniformity of scanned image was measured by observing the difference 

values between mean Hounsfield Units (HU) at center ROI (reference value) and each 

of peripheral ROIs,#1 Left, #2 Top, #3 Right, #4 Bottom, and  was compared to the 

specification (within 30 HU). The HU or CT number was a value assigned to pixel 
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corresponding to the radiodensity relative water in the corresponding voxel. The 40x40 

ROI pixel was used to measure the HU at each homogenous substance of the Catphan 

phantom. The image uniformity is illustrated in figure 3.13. 

 
Figure 3.13 The image uniformity module 

3.7.2.4 High contrast resolution  

The spatial resolution of the scanned image was measured using the high contrast 

resolution gauge ranging from 1 through 21 line pair per cm (lp/cm) of CTP 528 module 

to evaluate the spatial resolution. The spatial resolution was the ability to distinguish 

the finest of the image between density of object and background. The line pair/cm 

gauge number that was able to differentiate line pair was recorded and compared to 

specification (>4 line pair/cm) as shown in table 3.1. The high contrast resolution part 

is illustrated in figure 3.14. 

        Table 3.1 Contrast sensitivity table with leads test 

Line Pair/cm Gap Size (cm) Line Pair/cm Gap Size (cm) 

1 0.500 12 0.042 

2 0.250 13 0.038 

3 0.167 14 0.036 

4 0.125 15 0.033 

5 0.100 16 0.031 

6 0.083 17 0.029 

7 0.071 18 0.028 

8 0.063 19 0.026 

9 0.056 20 0.025 

10 0.050 21 0.024 

11 0.045   
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       (a)              (b) 

    Figure 3.14 The high resolution module with 1 to 21 lp/cm (a) diagram, (b) image  

                        result 

3.7.2.5 Low contrast resolution 

The low contrast resolution of the scanned image was measured using the low 

contrast sensitivity Module of CTP 515 module in the Catphan phantom. The low 

contrast resolution was the ability to distinguish the smallest diameters of objects that 

can detect from the image. This module contains three groups of supra-slice target, sub-

slice target, and nominal target contrast levels. The supra-slice 1% target diameter was 

used in this study. The biggest hole in supra-slice 1% that was equivalent to 15.0 mm 

diameter should be read able as shown in table 3.2. The low contrast resolution is 

illustrated in figure 3.15 

          Table 3.2 The low contrast resolution at supra-slice 1% target diameters test 

            Supra-slice 1% Target Diameters                     Position 

2.0 mm 10 

3.0 mm 8 

4.0 mm 7 

5.0 mm 6 

6.0 mm 5 

7.0 mm 4 

8.0 mm 3 

9.0 mm 2 

15.0 mm 1 
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7            

                                        (a)                                                    (b) 

Figure 3.15 The low contrast module with supra- slice contrast target (a) diagram, (b) 

                    image result 

3.7.3 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. The 

Rando phantom setting up is illustrated in figure 3.16. 

 

Position 1 

Position 5 

 

Position 4 

 

Position 6 

 

Position 2 

 
Position 3 
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Figure 3.16 The setup of Rando phantom for image registration check 

3.7.4 Clinical application for CTV to PTV margins in prostate cancer 

The 15 prostate cancers were employed to determine 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 signed informed consent was obtained in order to allow the acquisition of multiple 

CBCT during the treatment. 

3.7.4.1 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 expansion 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 
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optimized 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.  

3.7.4.2 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 shift 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. The 120 images were also registered with the planning 

CT scan images for acquiring the patient movement verification. The translations of 

treatment couch shift were recorded. The bony anatomy and natural mark calcification 

matching with automatic and manual-match methods by experience technologist were 

used for images registration between weekly pelvic CBCT images and planning CT 

images, as illustrated in figure 3.17.  The error in bony anatomy and natural mark 

calcification registration for both registration methods were determined from the 

position of one clearly defined calcification in the prostate gland. 
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Figure 3.17 The CBCT registration with natural calcium matching by manual- 

                          matching 

3.7.4.3 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 

for setup and patient movement as express in equation (3.1) and (3.2). The suggested 

CTV to PTV margins from each axis could be calculated by equation (3.3). This ensures 

a minimum dose of 95% of that prescribed in the CTV gets 90% of the patient. 

Σtot
2 = Σsetup

2 + Σpatient movement
2 ………………………….............   (3.1) 

σtot
2 = σsetup

2 +  σpatient movement
2

…………………………………………………….    (3.2) 

PTVmargin = 2.5Σtot+ 0.7σtot…………………………………………………………….     (3.3) 
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3.8 Outcome to be measured 

3.8.1 Main outcome 

The primary outcome is adequate treatment CTV to PTV margins. 

3.9 Measurement  

Determine PTV margins: mean and standard deviation of systematic and random 

error of individual and population. 

3.10 Data collection 

The setup error and patient movement were determined in systematic and random 

error for individual and population. The data collection is calculated by isocentric 

deviation read out by On-Board Imager 2.0 software. 

3.11 Statistical analysis 

3.11.1 Summarization of data 

The results were analyzed by mean, standard deviation (SD) and root mean square 

in X, Y and Z directions. 

3.11.2 Data presentation 

The systematic error of population was represented by the standard deviation 

(SD) of mean error and random error of population was defined by the mean error of 

standard deviation for individual patient. 

3.11.3 Statistical evaluation 

The setup error and patient movement were determined in systematic and random 

error. The statistical evaluation was calculated by Microsoft Excel program for the 

average and standard deviation values in both individual and population. 

3.12 Expected benefit 

The appropriate PTV margins for prostate cancer patients in VMAT at Division 

of Therapeutic Radiology and Oncology at King Chulalongkorn Memorial Hospital 

could be determined. 
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3.13 Ethical consideration 

This study was directly operated to the patients who routinely delivered imaging 

to check the patient positioning. The CBCT system currently available on TrueBeamTM 

linear accelerator with OBI, pelvis mode of the CBCT was used. The effective dose 

was 5 mSv per CBCT series and then the total dose was 40 mSv for 8 weekly CBCT in 

full course that patient was already received from routine treatment. The increasing 

doses for this research due to the post treatment CBCT was only 40 mSv or 0.5 percent 

compared with prescribed dose (dose prescription is 8000 cGy for prostate treatments), 

however the patient will acquire the more precision and accurate of treatment beam. 

The proposal was approved by the Ethics Committee of Faculty of Medicine, 

Chulalongkorn University as shown in figure 3.18. The patient information sheet and 

consent form are illustrated in appendix A. 

 

 

Figure 3.18 Certificate of approval from ethic committee of faculty of medicine,  

                         Chulalongkorn University.  
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CHAPTER 4 

RESULTS 

According to 4 parts of methods, the results were following: 

4.1 The accuracy of couch movement 

The results of mechanical check of the couch indicator are shown in table 4.1. 

The maximum differences 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) directions, respectively. 

   Table 4.1 Couch position shift value 

Known couch shift                     Actual couch position (mm)  

(mm) Lateral: X Longitudinal: Y Vertical: Z 

-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 

 

4.2 The quality control of CBCT images 

4.2.1 Density calibration 

The reading values of the HU of air, acrylic and LDPE are shown in table 4.2.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. 

         Table 4.2 The HU data for density calibration test 

Material Specification Actual Difference Pass/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 
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4.2.2 Spatial linearity (Distance) 

 Table 4.3 presents the results of checking the accuracy of distances between the 

verification holes located (three Air and one Teflon) on Catphan phantom using the 

measuring tool. 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. 

         Table 4.3 The distance for spatial linearity measurements test 

Position Specification Actual (mm) Difference (mm) Pass/fail 

1 

50 mm±0.5 mm 

49.9 0.1 Pass 

2 50.2 -0.2 Pass 

3 49.9 0.1 Pass 

4 50.2 -0.2 Pass 

 

4.2.3 Image uniformity  

The results of checking image uniformity are shown in table 4.4. 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. 

        Table 4.4 Image uniformity test 

 

Position 

 

HU 

Value 

HU Value Calculated Specification Pass/fail 

Center 

(#5) 

HU 

Difference 

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 

 

4.2.4 High contrast resolution 

The gauge can be clearly differentiated each other at the fifth group that 

represented to 5 line pair/cm resolution that represented to 0.1 cm gap size as illustrated 

in table 4.5, while the high contrast resolutions criteria of 4 line pair/cm of 0.125 cm 

gap size. 
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        Table 4.5 The high contrast resolution test 

 

4.2.5 Low contrast resolution 

The results of 1% supra–slice contrast of low contrast resolutions are illustrated 

in table 4.6. 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. 

        Table 4.6 The low contrast resolution at supra-slice 1% target diameters test 

Specification(mm)           Actual(mm) Pass/Fail 

Target Size: 15.0     5.0  Pass 

 

4.3 The accuracy of image registration software 

The calculated couch shifts in lateral, longitudinal, and vertical from automatic 

matching software are illustrated in table 4.7. 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 4.7 Shifts value in image registration for three axes 

Known shifted 

value (mm) 

Actual shifted (mm) 

Lateral (X) Longitudinal (Y) Vertical (Z) 

-20.0 -20.2 -19.9 -20.1 

-10.0 -10.1 -10.0 -10.0 

-5.0 -5.2 -4.6 -5.1 

5.0 5.0 5.4 5.0 

10 9.9 9.4 9.4 

20.0 19.9 19.7 19.6 

 

Specification Actual Pass/fail 

>4 line pair/cm 5    Pass 
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4.4 Clinical application for CTV to PTV margins in prostate cancer 

The mean and SD calculation of inter and intra-fraction for individual patient are 

displayed in table 4.8 as an example of patient number 1, while the raw data of all cases 

are demonstrated in Appendix C. The calculated systematic () and random () errors 

of setup error and patient movement for patient population in lateral, longitudinal and 

vertical directions are illustrated in table 4.9. The deviation data were comparable for 

all axes. 

Table 4.8 The calculated mean and SD of inter and intra-fraction for individual patient 

Patient No.1 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
Lat. 

(mm) 

Long. 

(mm) 

Vert. 

(mm) 

Lat. 

(mm) 

Long. 

(mm) 

Ver. 

(mm) 

1 -1 -2 -2 0 -2 0 

2 0 -2 -3 1 0 0 

3 -4 1 0 0 2 0 
4 -1 2 0 0 1 0 
5 3 -4 3 0 1 -2 
6 -1 5 0 0 0 1 
7 0 0 0 -1 0 0 
8 -5 0 -1 1 1 0 

mean -1.13 0.00 -0.38 0.13 0.38 -0.13 
SD 2.47 2.78 1.77 0.64 1.19 0.83 

 

   Table 4.9 The calculated systematic and random of setup error and patient  

                    movement for patient population in three axes. 

Parameters 
       Deviation (mm)  

Lateral Longitudinal Vertical 

popSet-up 1.59 1.37 1.59 

popMovement 0.49 0.28 0.59 

pop Set-up 2.94 2.38 2.74 

popMovement 1.23 0.68 1.15 

 

The average of three directions result for population of systematic setup error, 

systematic movement, random setup and random movement were 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 4.10. 
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  Table 4.10 The calculated PTV margins of prostate cancer in each direction 

Parameters 
Lateral  

(mm) 

Longitudinal 

(mm) 

Vertical  

(mm) 

∑ tot 1.66 1.40 1.70 

σ tot 3.19 2.48 2.97 

PTV margins 6.38 5.24 6.33 

 

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. 
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

 

5.1 Discussion 

5.1.1 The information for the accuracy of couch movement 

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 and 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,[29] therefore 

the very good agreement results were actually obtained. It can be confirmed that this 

mechanical movement of treatment couch is very accurate.  

5.1.2 The quality control of CBCT images 

The high image quality of CBCT with pelvis protocol were obtained due to 

passing all of the Varian criteria [30] needed as discuss in the following. 

5.1.2.1 Density calibration 

The measured different results of the HU of air, acrylic and LDPE from true 

values were 8.8, 1.6 and 10.2, respectively.  It showed the accurate HU reading because 

the measured HU value differed from specification criteria less than 50 HU for all 

materials. 

5.1.2.2 Spatial linearity (Distance) 

 The accuracy of distances between the verification holes located (Three Air and 

one Telflon) on Catphan phantom using the measuring tool showed that the 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. These deviations were within the limitation of 0.5 

mm error. 

5.1.2.3 Image uniformity  

The difference in HU between center and position 1, 2, 3 and 4 were -10.8, -10.2, 

-6.3 and -9.6, respectively. The deviated values for all position were within the 

specification of ±30 HU that represented to the uniform images in water equivalent part 



 

 

44 

for pelvis-scanned protocol. It implied that the image with pelvis protocol were uniform 

in water equivalent area. 

5.1.2.4 High contrast resolution 

The results of gauge can be clearly differentiated each other at the fifth group that 

represents to 5 line pair/cm resolution. The result passed the high contrast resolutions 

criteria of 4 line pair/cm that mean the pelvis scanned image had the ability to clearly 

distinguish object from background on the image up to 0.1 cm gap size. 

5.1.2.5 Low contrast resolution 

The results of 1% supra–slice contrast of low contrast resolutions are illustrated 

in table 4.6. The biggest hole of number 1 of supra-slice at 1% target diameter that was 

equivalent to 15.0 mm diameter was the lowest criteria to be seen on the image, 

however, the whole circle up to the hole number 6 which represented to 5.0 mm 

diameter was observed in this study. So, the 5 mm diameter was the smallest object we 

can observe on the low contrast image that was excellent result compared with the 

criteria. 

5.1.3 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 vertical 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.[31], 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. 
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5.1.4 Clinical application for CTV to PTV margins in prostate cancer 

The results of mean and SD calculation of inter-fraction and intra-fraction for 

individual and population patients are displayed in Appendix B. From the data, it seem 

to be the uncertainty due to inter-fraction motion was higher than intra-fraction motion, 

indicated that the setup error was 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 4.10. 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, 

especially from the effect of bladder-rectum filling. These results were the same trend 

as the studied from Tanyi J.A., et al.[4] who reported the set up for prostate cancer 

patients treated with IMRT. From Tanyi J.A., et al studied, the intra-fraction motion 

was less impact than inter-fraction motion and systematic error was also less impacted 

compared with random error. 

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 results were smaller than 

the study from Juan-Senabre X.J.[26] 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 IMRT treatment technique. The difference from Juan-Senabre X.J. 

were due to the different machine model, immobilization used, the smaller size of Thai 

patient and less treatment time in VMAT treatment technique. 

5.2 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 
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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. 

The objective of this study is to calculate PTV margins from the setup error as 

inter-fraction motion and patient movement as intra-fraction motion in fifteen prostate 

cancer patients who undergoing VMAT with 10 MV X-ray beam from Varian 

TrueBeam linear accelerator with the OBI system. 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 image with bony 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 show 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 the results, patient setup 

variation between fractions is more effect than patient movement during treatment. 

 
The calculated PTV margins in the lateral (X), longitudinal (Y), vertical (Z) 

directions reduce to 6.38, 5.24 and 6.33 mm, respectively. From 8 mm margin in our 

routine protocol at King Chulalongkorn Memorial Hospital, 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 treated with VMAT 

technique. 
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APPENDIX A 

 
ข้อมลูส ำหรับผู้ เข้ำร่วมกำรวจิยั (Patient Information) 

ช่ือโครงกำรวิจยั:ก ำหนดคำ่ควำมคลำดเคลือ่นของต ำแหนง่กำรฉำยรังสใีนผู้ ป่วยมะเร็งตอ่มลกูหมำกที่รักษำด้วย
เทคนิคกำรปรับควำมเข้มของล ำรังสี (VMAT) โดยใช้เคร่ืองถ่ำยภำพเอกซเรย์คอมพวิเตอร์แบบโคน 

เรียน ผู้เข้าร่วมการวิจัยทุกท่าน 

ท่ำนได้รับเชิญให้เข้ำร่วมในโครงกำรวิจยันีเ้นื่องจำกทำ่นเป็นผู้ ป่วยหนึ่งคนจำกทัง้หมดสิบห้ำคนก่อนที่
ท่ำนจะตดัสินใจเข้ำร่วมในกำรศึกษำวิจยัดงักลำ่ว ขอให้ท่ำนอ่ำนเอกสำรฉบบันีอ้ย่ำงถ่ีถ้วน เพื่อให้ท่ำนได้ทรำบ
ถึงเหตผุลและรำยละเอียดของกำรศกึษำวิจยัในครัง้นี ้หำกทำ่นมีข้อสงสยัใดๆ เพิ่มเติม กรุณำซกัถำมจำกทีมงำน
ของแพทย์ผู้ท ำวิจยั หรือแพทย์ผู้ ร่วมท ำวิจยัซึง่จะเป็นผู้สำมำรถตอบค ำถำมและให้ควำมกระจ่ำงแก่ท่ำนได้ทำ่น
สำมำรถขอค ำแนะน ำในกำรเข้ำร่วมโครงกำรวิจยันีจ้ำกครอบครัว เพื่อน หรือแพทย์ประจ ำตวัของท่ำนได้ ท่ำนมี
เวลำอย่ำงเพียงพอในกำรตดัสินใจโดยอิสระ ถ้ำท่ำนตดัสินใจแล้วว่ำจะเข้ำร่วมในโครงกำรวิจยันี ้ขอให้ท่ำนลง
นำมในเอกสำรแสดงควำมยินยอมของโครงกำรวิจยันี ้ก่อนที่ทำ่นตกลงเข้ำร่วมกำรศกึษำดงักลำ่วขอเรียนให้ทำ่น
ทรำบถึงเหตผุลและรำยระเอียดของกำรศกึษำวิจยั ในครัง้นี ้

 กำรรักษำผู้ ป่วยมะเร็งต่อมลูกหมำกด้วยเทคนิคกำรฉำยรังสีแบบปรับควำมเข้มล ำรังสี  (VMAT) ให้
ครอบคลมุเฉพำะก้อนมะเร็งให้ได้มำกที่สดุ หลีกเลี่ยงปริมำณรังสีที่อวยัวะข้ำงเคียง อย่ำงไรก็ตำมแพทย์ได้ท ำ
กำรฉำยรังสทีี่เผื่อขอบเขตออกไปเลก็น้อยเพื่อป้องกนัควำมคลำดเคลือ่นท่ีอำจเกิดขึน้ได้จำกกำรจดัทำ่ผู้ ป่วย กำร
เผ่ือขอบเขตกำรฉำยรังสจีำกกำรจดัทำ่ผู้ ป่วยนีถ้้ำเผ่ือมำกเกินไปจะท ำให้อวยัวะปกติที่อยูข้่ำงเคียงได้รับปริมำณ
รังสีที่สงู แต่ถ้ำเผ่ือน้อยเกินไปอำจท ำให้ก้อนมะเร็งไม่ได้รับปริมำณรังสีตำมที่ต้องกำร ดงันัน้กำรหำค่ำขอบเขต
กำรฉำยรังสีที่เหมำะสมจึงเป็นสิ่งส ำคญั เนื่องจำกเทคนิคกำรกำรฉำยรังสีแบบปรับควำมเข้มล ำรังสีไปตำม
รูปร่ำงของก้อนมะเร็งจึงต้องจ ำกดัเฉพำะขอบเขตถ้ำมีกำรคลำดเคลื่อนของต ำแหน่งผู้ ป่วยจะสง่ผลข้ำงเคียงไป
ยงัอวยัวะที่อยู่รอบๆก้อนมะเร็งมำกกว่ำเทคนิคกำรฉำยรังสีแบบ 2-3 มิติที่เผ่ือขอบเขตกำรคลำดเคลื่อนของ
ต ำแหน่งผู้ ป่วยมำกกว่ำ ดงันัน้กำรฉำยรังสีด้วยเทคนิคนี ้ (VMAT) ได้มีกำรใช้ระบบภำพน ำวิถีแบบ 3 มิติเข้ำมำ
ช่วยในกำรตรวจสอบต ำแหน่งของก้อนมะเร็งในตวัผู้ ป่วยก่อนกำรฉำยรังสี ท ำให้กำรรักษำควำมมีควำมถกูต้อง
แมน่ย ำมำกขึน้ 

วตัถปุระสงค์หลกัจำกกำรศึกษำในครัง้นีค้ือเพื่อก ำหนดขอบเขตควำมคลำดเคลื่อนท่ีเหมำะสมของต ำแหนง่กำร
ฉำยรังสีในผู้ ป่วยมะเร็งต่อมลกูหมำกที่รักษำด้วยเทคนิคกำรปรับควำมเข้มของล ำรังสีเพื่อใช้เป็นค่ำมำตรฐำน 
จ ำนวนผู้ เข้ำร่วมในโครงกำรวิจยั คือ 15 คน 

ในกำรศึกษำนีห้ลงัจำกท่ำนให้ควำมยินยอมที่จะเข้ำร่วมในโครงกำรวิจยันี ้ผู้ วิจัยจะท ำกำรถ่ำยภำพ
เอกซเรย์คอมพิวเตอร์แบบโคน (Cone Beam Computed Tomography) ก่อนกำรฉำยรังส ี(Inter-fraction) และ
หลังฉำยรังสี (Intra-fraction) เพื่อตรวจสอบควำมถูกต้องของต ำแหน่งกำรฉำยรังสีในทุกๆสัปดำห์โดย
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เปรียบเทียบกบัภำพเอกซเรย์คอมพิวเตอร์ที่ได้จำกกำรจ ำลองกำรรักษำ (CT Simulation image) ซึ่งใช้เป็นภำพ
อ้ำงอิงเพื่อหำควำมคลำดเคลือ่นของต ำแหนง่กำรฉำยรังสี 

โดยกำรถำ่ยภำพก่อนกำรฉำยรังสนีัน้มีขัน้ตอนดงันี ้
-ทำ่นนอนในทำ่เดียวกบักำรจ ำลองกำรฉำยรังสด้ีวยเคร่ืองเอกซเรย์คอมพวิเตอร์ (CT Simulator) และกำรฉำย
แสง ในชว่งที่ก ำลงัถำ่ยภำพนัน้ อำสำสมคัรควรนอนน่ิงๆเพื่อให้ต ำแหนง่ของภำพถ่ำยรังสตีรงกนัเพือ่ลด
ข้อผิดพลำดจำกกำรจดัทำ่ 
-รวมเวลำในถำ่ยภำพเอกซเรย์คอมพิวเตอร์ก่อนกำรฉำยรังสี (Inter-fraction) และหลงัฉำยรังส ี(Intra-fraction) 
จะใช้เวลำประมำณ 5 นำที หำกทำ่นมีคณุสมบตัิตำมเกณฑ์คดัเข้ำ ผู้วิจยัหรือผู้ ร่วมท ำวิจยัจะท ำกำรถ่ำยภำพ
รวมทัง้สิน้ 16 ครัง้ (สปัดำห์ละสองครัง้เป็นระยะเวลำ 8 สปัดำห์) 

ควำมรับผิดชอบของอำสำสมคัรผู้ เข้ำร่วมในโครงกำรวจิยัเพื่อให้งำนวจิยันีป้ระสบควำมส ำเร็จ ผู้ท ำวจิยั
ใคร่ขอควำมควำมร่วมมือจำกท่ำน  โดยจะขอให้ท่ำนปฏิบตัิตำมค ำแนะน ำของผู้ท ำวิจยัอย่ำงเคร่งครัด รวมทัง้
แจ้งอำกำรผิดปกติตำ่ง ๆ ที่เกิดขึน้กบัทำ่นระหวำ่งที่ทำ่นเข้ำร่วมในโครงกำรวิจยัให้ผู้ท ำวิจยัได้รับทรำบ 

ควำมเสี่ยงต่ออำสำสมัครที่อำจได้รับจำกกำรท ำวิจัยกำรถ่ำยภำพเอกซเรย์คอมพิวเตอร์แบบโคน  
(Cone Beam Computed Tomography: CBCT) เป็นกำรถ่ำยภำพทำงรังสีรอบตัวผู้ ป่วย 1 รอบ โดยเคร่ือง
ถ่ำยภำพรังสีจะมีแหลง่ก ำเนิดรังสีเอกซ์ เป็นรูปกรวยและตวัรับภำพ (Detector) ในระหว่ำงกำรหมนุนีต้วัรับภำพ
จะรับรังสีที่ผ่ำนจำกเนือ้เยื่อผู้ ป่วยและสง่สญัญำณเข้ำไปยงัเคร่ืองคอมพิวเตอร์เพื่อประมวลผลและแสดงข้อมลู
เป็นภำพรังสีในระบบดิจิทลั (Digital) สำมำรถน ำไปสร้ำงเป็นภำพ 3 มิติในขณะที่ภำพรังสีโดยทัว่ไปไม่สำมำรถ
ท ำได้เนื่องจำกปกติกำรรักษำผู้ ป่วยด้วยกำรฉำยรังสไีด้มีกำรท ำกำรถ่ำยภำพเอกซเรย์คอมพิวเตอร์แบบโคน ครัง้
แรกก่อนกำรฉำยรังส ี(Inter-fraction) และทกุๆสปัดำห์อยูแ่ล้วแตเ่พื่อให้ได้ควำมถกูต้องของต ำแหนง่กำรฉำยรังสี
มำกขึน้จึงเพิ่มกำรถ่ำยภำพหลงักำรฉำยรังสี (Intra-fraction) เพื่อตรวจสอบควำมถกูต้องของต ำแหน่งหลงักำร
ฉำยรังสีซึ่งเป็นกำรตรวจสอบกำรขยบัตวัของผู้ ป่วยระหวำ่งกำรฉำยรังสี (Patient movement) ภำพรังสีจำกวิธีนี ้
มีประโยชน์อย่ำงยิ่งในกำรช่วยติดตำมควำมเปลี่ยนแปลงรูปทรง ขนำดและต ำแหน่งของก้อน แล้วใช้ภำพ
ดงักลำ่วช่วยในกำรจดัทำ่ผู้ ป่วยและล ำรังส ีให้รอยโรค (Target) และอวยัวะตำ่งๆอยูใ่นต ำแหนง่เดียวกนักับภำพ
กำรจ ำลองกำรรักษำ (CT Simulation image) ซึ่งใช้เป็นภำพอ้ำงอิง ที่วำงแผนและค ำนวณไว้แล้วก่อนท ำกำร
ฉำยรังสีเพื่อให้กำรฉำยรังสีมีควำมถูกต้องแม่นย ำ ซึ่งกำรศึกษำนีเ้ป็นควำมพยำยำมเพิ่มประสิทธิภำพและ
มำตรฐำนของควำมถกูต้องของต ำแหน่งกำรรักษำโดยที่ท่ำนไม่ต้องเสียค่ำใช้จ่ำยใดๆเพิ่มเติมจำกคำ่รักษำเดิม
ของทำ่นทัง้สิน้ 

         ปริมำณรังสีที่ใช้รักษำในผู้ ป่วยโรคมะเร็งต่อมลกูหมำกประมำณ 8000 cGy โดยกำรถ่ำยภำพเอกซเรย์
คอมพิวเตอร์แบบโคนหนึ่งครัง้ผู้ ป่วยจะได้รับปริมำณรังสีประมำณ 5 mSv ต่อครัง้ซึ่งปริมำณรังสีที่ผู้ ป่วยได้รับ
ตำมปกติในกำรรักษำ 40 mSv ตลอดกำรรักษำแต่ในกำรวิจัยนีผู้้ ป่วยจะได้รับปริมำณรังสีเพิ่มเพื่อตรวจสอบ
ควำมถกูต้องของต ำแหน่งหลงักำรฉำยรังสี 40 mSv อย่ำงไรก็ตำมปริมำณรังสีระดบันีถื้อว่ำน้อยมำกเมื่อเทียบ
กบัปริมำณรังสีที่ใช้รักษำผู้ ป่วย (8000 cGy) ซึ่งปริมำณรังสีที่น้อยระดบันีไ้ม่มีผลข้ำงเคียงต่อเนือ้เยื่อปกติที่อยู่
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รอบๆเมื่อเปรียบเทียบกบัประโยชน์ที่ผู้ ป่วยได้รับรวมทัง้ไมม่ีกำรฉีดสำรใดๆเข้ำร่ำงกำยทัง้สิน้ ดงันัน้เมื่อพิจำรณำ
ถึงควำมเสี่ยงต่ออำสำสมคัรจึงมีน้อย แต่กลบัมีผลประโยชน์ต่ออำสำสมคัรเองท ำให้อำสำสมคัรได้รับกำรฉำย
แสงได้ถกูต้อง แมน่ย ำตำมที่ได้วำงแผนกำรรักษำ  

ควำมเสีย่งที่ไมท่รำบแนน่อนทำ่นอำจเกิดอำกำรข้ำงเคียง หรือควำมไมส่บำย นอกเหนือจำกที่ได้แสดง
ในเอกสำรฉบบันี ้ซึ่งอำกำรข้ำงเคียงเหลำ่นีเ้ป็นอำกำรที่ไมเ่คยพบมำก่อน เพื่อควำมปลอดภยัของท่ำน ควรแจ้ง
ผู้ท ำวิจยัให้ทรำบทนัทีเมื่อเกิดควำมผิดปกติใดๆ เกิดขึน้หำกท่ำนมีข้อสงสยัใดๆ เก่ียวกบัควำมเสี่ยงที่อำจได้รับ
จำกกำรเข้ำร่วมในโครงกำรวิจยั ทำ่นสำมำรถสอบถำมจำกผู้ท ำวิจยัได้ตลอดเวลำ  

 หำกมีกำรค้นพบข้อมูลใหม่ ๆ ที่อำจมีผลต่อควำมปลอดภัยของท่ำนในระหว่ำงที่ท่ำนเข้ำร่วมใน
โครงกำรวิจยั ผู้ท ำวิจัยจะแจ้งให้ท่ำนทรำบทนัที เพื่อให้ท่ำนตดัสินใจว่ำจะอยู่ในโครงกำรวิจัยต่อไปหรือจะขอ
ถอนตวัออกจำกกำรวิจยั 

 หำกมีอำกำรข้ำงเคียงใด ๆ เกิดขึน้กบัทำ่น ขอให้ทำ่นรีบมำพบแพทย์ที่สถำนพยำบำลทนัที ถึงแม้วำ่จะ
อยู่นอกตำรำงกำรนดัหมำย เพื่อแพทย์จะได้ประเมินอำกำรข้ำงเคียงของท่ำน และให้กำรรักษำที่เหมำะสมทนัที 
หำกอำกำรดงักลำ่วเป็นผลจำกกำรเข้ำร่วมในโครงกำรวิจยั ทำ่นจะไมเ่สยีคำ่ใช้จ่ำย  

ประโยชน์ที่อำจได้รับต่อตวัอำสำสมคัรเองคือ ท่ำนจะได้รับกำรฉำยรังสีที่ถกูต้องตรงต ำแหน่ง แม่นย ำ
ตรงตำมที่ได้วำงแผนกำรรักษำมำกยิ่งขึน้ 

            ประโยชน์จำกกำรวิจยัคือ ได้ค่ำก ำหนดควำมคลำดเคลื่อนของต ำแหน่งกำรฉำยรังสีในผู้ ป่วยมะเร็งตอ่ม
ลกูหมำกที่รักษำด้วยเทคนิคกำรปรับควำมเข้มล ำรังสี (VMAT) โดยใช้เคร่ืองถ่ำยภำพเอกซเรย์คอมพิวเตอร์แบบ
โคน (CBCT) เพื่อใช้เป็นคำ่มำตรฐำน 

อนัตรำยที่อำจเกิดขึน้จำกกำรเข้ำร่วมในโครงกำรวจิยัและควำมรับผิดชอบของผู้ท ำวิจยั/ผู้สนบัสนนุกำร
วิจัยหำกพบอนัตรำยที่เกิดขึน้จำกกำรวิจัย ท่ำนจะได้รับกำรรักษำอย่ำงเหมำะสมทนัที  หำกพิสจูน์ได้ว่ำท่ำน
ปฏิบัติตำมค ำแนะน ำของทีมผู้ท ำวิจัยแล้ว ผู้ท ำวิจัย /ผู้ สนับสนุนกำรวิจัยยินดีจะรับผิดชอบค่ำใช้จ่ำยในกำร
รักษำพยำบำลของท่ำน และกำรลงนำมในเอกสำรให้ควำมยินยอม ไม่ได้หมำยควำมว่ำท่ำนได้สละสิทธ์ิทำง
กฎหมำยตำมปกติที่ทำ่นพงึมี 

ค่ำใช้จ่ำยอื่นที่เก่ียวข้องกบัโครงกำรวิจยั เช่น ค่ำกำรถ่ำยภำพทำงรังสีหลงักำรฉำยรังสี ผู้สนบัสนนุกำร
วิจยัจะเป็นผู้ รับผิดชอบทัง้หมด (ทำ่นไมต้่องเสยีคำ่ใช้จ่ำยใดๆทัง้สิน้จำกกำรเข้ำร่วมในโครงกำรวิจยันี)้ 

กำรเข้ำร่วมในโครงกำรวิจยัครัง้นีเ้ป็นไปโดยควำมสมคัรใจ หำกท่ำนไม่สมคัรใจจะเข้ำร่วมกำรศึกษำ
แล้ว ทำ่นสำมำรถถอนตวัได้ตลอดเวลำ กำรขอถอนตวัออกจำกโครงกำรวิจยัจะไมม่ีผลตอ่กำรดแูลรักษำโรคของ
ทำ่นแตอ่ยำ่งใด 

 ผู้ท ำวิจยัอำจถอนท่ำนออกจำกกำรเข้ำร่วมกำรวิจยั เพื่อเหตผุลด้ำนควำมปลอดภยัของท่ำน หรือเมื่อ
ผู้สนบัสนนุกำรวิจยัยตุิกำรด ำเนินงำนวิจยั หรือในกรณีดงัตอ่ไปนี ้

 -     ทำ่นไมส่ำมำรถปฏิบตัิตำมค ำแนะน ำของผู้ท ำวิจยั 



 

 

53 

- ทำ่นตัง้ครรภ์ระหวำ่งที่เข้ำร่วมโครงกำรวิจยั 

- ทำ่นเกิดอำกำรข้ำงเคียง หรือควำมผิดปกติของผลทำงห้องปฏิบตัิกำรท่ีใช้ในกำรศกึษำ 

- ทำ่นต้องกำรปรับเปลีย่นกำรรักษำที่ไมไ่ด้รับอนญุำตจำกกำรวิจยัครัง้นี ้

กำรปกป้องรักษำข้อมลูควำมลบัของอำสำสมคัรข้อมูลที่อำจน ำไปสูก่ำรเปิดเผยตวัท่ำน จะได้รับกำร
ปกปิดและจะไม่เปิดเผยแก่สำธำรณชน ในกรณีที่ผลกำรวิจยัได้รับกำรตีพิมพ์ ช่ือและที่อยู่ของท่ำนจะต้องได้รับ
กำรปกปิดอยูเ่สมอ โดยจะใช้เฉพำะรหสัประจ ำโครงกำรวิจยัของทำ่น 

 จำกกำรลงนำมยินยอมของทำ่นผู้ท ำวิจยั และผู้สนบัสนนุกำรวิจยัสำมำรถเข้ำไปตรวจสอบบนัทกึข้อมลู
ทำงกำรแพทย์ของท่ำนได้แม้จะสิน้สดุโครงกำรวิจยัแล้วก็ตำม หำกท่ำนต้องกำรยกเลิกกำรให้สิทธ์ิดงักลำ่ว ท่ำน
สำมำรถแจ้ง หรือเขียนบนัทกึขอยกเลกิกำรให้ค ำยินยอม  

 หำกท่ำนขอยกเลิกกำรให้ค ำยินยอมหลงัจำกที่ท่ำนได้เข้ำร่วมโครงกำรวิจยัแล้ว ข้อมลูสว่นตวัของทำ่น
จะไมถ่กูบนัทกึเพิ่มเติม อยำ่งไรก็ตำมข้อมลูอื่น ๆ ของทำ่นอำจถกูน ำมำใช้เพื่อประเมินผลกำรวิจยัและทำ่นจะไม่
สำมำรถกลบัมำเข้ำร่วมในโครงกำรนีไ้ด้อีก ทัง้นีเ้นื่องจำกข้อมลูของท่ำนที่จ ำเป็นส ำหรับใช้เพื่อกำรวิจยัไมไ่ด้ถกู
บนัทกึ 

 จำกกำรลงนำมยินยอมของทำ่นแพทย์ผู้ท ำวิจยัสำมำรถบอกรำยละเอียดของทำ่นท่ีเก่ียวกบักำรเข้ำร่วม
โครงกำรวิจยันีใ้ห้แก่แพทย์ผู้ รักษำทำ่นได้ 

หำกทำ่นไมไ่ด้รับกำรชดเชยอนัควรตอ่กำรบำดเจ็บหรือเจ็บป่วยที่เกิดขึน้โดยตรงจำกกำรวิจยั  หรือทำ่น
ไมไ่ด้รับกำรปฏิบตัิตำมที่ปรำกฏในเอกสำรข้อมลูค ำอธิบำยส ำหรับผู้ เข้ำร่วมในกำรวิจยั ทำ่นสำมำรถร้องเรียนได้
ที่ คณะกรรมกำรจริยธรรมกำรวิจัย คณะแพทยศำสตร์ จุฬำลงกรณ์มหำวิทยำลัย  ตึกอำนันทมหิดลชัน้ 3  
โรงพยำบำลจฬุำลงกรณ์ ถนนพระรำม 4 ปทมุวนั กรุงเทพฯ 10330 โทร 0-2256-4493ตอ่ 14, 15 ในเวลำรำชกำร 
หรือในกรณีที่ทำ่นได้รับอนัตรำยใด ๆ หรือต้องกำรข้อมลูเพิ่มเติมที่เก่ียวข้องกบัโครงกำรวิจยั ทำ่นสำมำรถติดต่อ
กบัผู้ท ำวิจยัคือ นำงสำวกมลรัตน์ เสอืงำมเอี่ยม เบอร์โทรศพัท์ 0846678201 ได้ตลอด 24 ชัว่โมง สำขำวิชำฉำยำ
เวชศำสตร์ ภำควิชำรังสวีิทยำ คณะแพทยศำสตร์ จฬุำลงกรณ์มหำวิทยำลยั  

 

ขอขอบคณุในกำรร่วมมือของทำ่นมำ ณ ท่ีนี ้

 
                      .................................................................................. 
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ใบยนิยอมเข้าร่วมการวิจัย  

       (Consent form) 

กำรวจิยัเร่ือง  ก ำหนดคำ่ควำมคลำดเคลือ่นของต ำแหนง่กำรฉำยรังสใีนผู้ ป่วยมะเร็งตอ่มลกูหมำกที่รักษำด้วย
เทคนิคกำรปรับควำมเข้มของล ำรังสี (VMAT) โดยใช้เคร่ืองถ่ำยภำพเอกซเรย์คอมพวิเตอร์แบบโคน 
วนัให้ค ำยินยอม  วนัท่ี.....เดือน........................................พ.ศ...................................................................... 
 ข้ำพเจ้ำ นำย/นำง/นำงสำว................................ ...............................................................ที่อยู่
..................................................................................................................ได้อำ่นรำยละเอียดจำกเอกสำร
ข้อมูลส ำหรับผู้ เข้ำร่วมโครงกำรวิจัยวิจัยที่แนบมำฉบับวนัที่......................... และข้ำพเจ้ำยินยอมเข้ำร่วม
โครงกำรวิจยัโดยสมคัรใจ 
            ข้ำพเจ้ำได้รับส ำเนำเอกสำรแสดงควำมยินยอมเข้ำร่วมในโครงกำรวิจยัที่ข้ำพเจ้ำได้ลงนำม และ วนัท่ี 
พร้อมด้วยเอกสำรข้อมลูส ำหรับผู้ เข้ำร่วมโครงกำรวจิยั ทัง้นีก้่อนทีจ่ะลงนำมในใบยินยอมให้ท ำกำรวิจยันี ้
ข้ำพเจ้ำได้รับกำรอธิบำยจำกผู้วจิยัถงึวตัถปุระสงค์ของกำรวจิยั ระยะเวลำของกำรท ำวจิยั วิธีกำรวจิยั อนัตรำย 
หรืออำกำรท่ีอำจเกิดขึน้จำกกำรวิจยั รวมทัง้ประโยชน์ที่จะเกิดขึน้จำกกำรวิจยัและแนวทำงรักษำโดยวิธีอื่นอยำ่ง
ละเอียด ข้ำพเจ้ำมเีวลำและโอกำสเพียงพอในกำรซกัถำมข้อสงสยัจนมีควำมเข้ำใจอยำ่งดีแล้ว โดยผู้วิจยัได้ตอบ
ค ำถำมตำ่ง ๆ ด้วยควำมเต็มใจไมปิ่ดบงัซอ่นเร้นจนข้ำพเจ้ำพอใจ 
 ข้ำพเจ้ำรับทรำบจำกผู้วิจยัวำ่หำกเกิดอนัตรำยใด ๆ จำกกำรวิจยัดงักลำ่ว ข้ำพเจ้ำจะได้รับกำร
รักษำพยำบำลโดยไมเ่สยีคำ่ใช้จำ่ย  
 ข้ำพเจ้ำมีสิทธิที่จะบอกเลิกเข้ำร่วมในโครงกำรวิจยัเมื่อใดก็ได้ โดยไม่จ ำเป็นต้องแจ้งเหตผุล และกำร
บอกเลกิกำรเข้ำร่วมกำรวิจยันี ้จะไมม่ีผลต่อกำรรักษำโรคหรือสทิธิอื่น ๆ ท่ีข้ำพเจ้ำจะพงึได้รับตอ่ไป 
 ผู้วิจัยรับรองว่ำจะเก็บข้อมลูส่วนตวัของข้ำพเจ้ำเป็นควำมลบั และจะเปิดเผยได้เฉพำะเมื่อได้รับกำร
ยินยอมจำกข้ำพเจ้ำเทำ่นัน้ บคุคลอื่นในนำมของบริษัทผู้สนบัสนนุกำรวิจยั คณะกรรมกำรพิจำรณำจริยธรรมกำร
วิจัยในคน ส ำนักงำนคณะกรรมกำรอำหำรและยำอำจได้รับอนุญำตให้เข้ำมำตรวจและประมวลข้อมูลของ
ข้ำพเจ้ำ ทัง้นีจ้ะต้องกระท ำไปเพื่อวตัถปุระสงค์เพื่อตรวจสอบควำมถกูต้องของข้อมลูเท่ำนัน้ โดยกำรตกลงที่จะ
เข้ำร่วมกำรศกึษำนีข้้ำพเจ้ำได้ให้ค ำยินยอมที่จะให้มีกำรตรวจสอบข้อมลูประวตัิทำงกำรแพทย์ของข้ำพเจ้ำได้ 
 ผู้ วิจัยรับรองว่ำจะไม่มีกำรเก็บข้อมูลใด ๆ เพิ่มเติม หลังจำกที่ ข้ำพเจ้ำขอยกเลิกกำรเข้ำร่วม
โครงกำรวิจัยและต้องกำรให้ท ำลำยเอกสำรและ/หรือ ตัวอย่ำงที่ใช้ตรวจสอบทัง้หมดที่สำมำรถสืบค้นถึงตวั
ข้ำพเจ้ำได้ 
 ข้ำพเจ้ำเข้ำใจวำ่  ข้ำพเจ้ำมีสทิธ์ิท่ีจะตรวจสอบหรือแก้ไขข้อมลูสว่นตวัของข้ำพเจ้ำและสำมำรถยกเลิก
กำรให้สทิธิในกำรใช้ข้อมลูสว่นตวัของข้ำพเจ้ำได้ โดยต้องแจ้งให้ผู้วิจยัรับทรำบ 
 ข้ำพเจ้ำได้ตระหนกัวำ่ข้อมลูในกำรวจิยัรวมถงึข้อมลูทำงกำรแพทย์ของข้ำพเจ้ำที่ไมม่กีำรเปิดเผยช่ือ จะ
ผ่ำนกระบวนกำรต่ำง ๆ เช่น กำรเก็บข้อมลู กำรบนัทึกข้อมลูในแบบบนัทึกและในคอมพิวเตอร์ กำรตรวจสอบ 
กำรวิเครำะห์ และกำรรำยงำนข้อมลูเพื่อวตัถปุระสงค์ทำงวิชำกำร รวมทัง้กำรใช้ข้อมลูทำงกำรแพทย์ในอนำคต
หรือกำรวิจยัทำงด้ำนเภสชัภณัฑ์ เทำ่นัน้  
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 ข้ำพเจ้ำได้อ่ำนข้อควำมข้ำงต้นและมีควำมเข้ำใจดีทกุประกำรแล้ว ยินดีเข้ำร่วมในกำรวิจยัด้วยควำม
เต็มใจ จึงได้ลงนำมในเอกสำรแสดงควำมยินยอมนี ้
 
                   ...............................................................................ลงนำมผู้ให้ควำมยนิยอม 
     (.................................................................................) ช่ือผู้ยินยอมตวับรรจง 
    วนัท่ี ................เดือน....................................พ.ศ............................. 
 
 ข้ำพเจ้ำได้อธิบำยถึงวตัถปุระสงค์ของกำรวจิยั วิธีกำรวิจยั อนัตรำย หรืออำกำรไมพ่งึประสงค์หรือควำม
เสี่ยงที่อำจเกิดขึน้จำกกำรวิจัย รวมทัง้ประโยชน์ที่จะเกิดขึน้จำกกำรวิจัยอย่ำงละเอียด ให้ผู้ เข้ำร่วมใน
โครงกำรวิจยัตำมนำมข้ำงต้นได้ทรำบและมีควำมเข้ำใจดีแล้ว พร้อมลงนำมลงในเอกสำรแสดงควำมยินยอมด้วย
ควำมเต็มใจ 
 
 
     ......................................................................................ลงนำมผู้ท ำวจิยั 
    (....................................................................................) ช่ือผู้ท ำวิจยั ตวับรรจง 
    วนัท่ี ................เดือน....................................พ.ศ............................. 
 ......................................................................................ลงนำมพยำน 
 
    (....................................................................................) ช่ือพยำน ตวับรรจง 
    วนัท่ี ................เดือน....................................พ.ศ............................ 
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APPENDIX B  

Data from individual fifteen patients 

                 Table I. Data of inter and intra-fraction for individual patient in lateral, longitudinal  

                               and vertical directions using cone beam CT. 

Patient No.1 

  

Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

(mm) 

SI 

 (mm) 

AP 

(mm) 

LR 

(mm) 

SI 

 (mm) 

AP 

(mm) 

1 -1.00 -2.00 -2.00 0.00 -2.00 0.00 

2 0.00 -2.00 -3.00 1.00 0.00 0.00 

3 -4.00 1.00 0.00 0.00 2.00 0.00 

4 -1.00 2.00 0.00 0.00 1.00 0.00 

5 3.00 -4.00 3.00 0.00 1.00 -2.00 

6 -1.00 5.00 0.00 0.00 0.00 1.00 

7 0.00 0.00 0.00 -1.00 0.00 0.00 

8 -5.00 0.00 -1.00 1.00 1.00 0.00 

mean -1.13 0.00 -0.38 0.13 0.38 -0.13 

SD 2.47 2.78 1.77 0.64 1.19 0.83 

 

 

 

Patient No.2 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP  

(mm) 

1 -6.20 -6.30 1.40 0.30 0.10 -0.60 

2 -2.40 -1.50 3.90 0.60 2.00 -0.40 

3 -2.70 -3.60 2.90 -2.30 -3.60 2.90 

4 -5.00 1.60 3.20 -0.70 0.20 -0.70 

5 -1.00 0.40 -2.50 -0.50 0.40 -0.60 

6 -2.00 0.20 4.00 1.60 0.20 -0.10 

mean -3.22 -1.53 2.15 -0.17 -0.12 0.08 

SD 1.97 2.95 2.46 1.33 1.85 1.40 
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Patient No.3 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

1 0.5 -1.6 0.8 0.8 0.3 0.6 

2 -2.3 -2.2 -0.9 -0.6 0.7 0.6 

3 3.4 -3.6 1.0 0.6 0.6 -0.8 

4 5.9 -2.2 -0.7 -0.4 0.1 0.7 

5 2.6 -5.3 2.8 -0.1 0.5 1.1 

6 0.5 0.7 -1.2 -1.0 0.2 -0.6 

7 -4.5 -1.2 -1.0 1.4 0.5 -0.1 

mean 0.87 -2.20 0.11 0.10 0.41 0.21 

SD 3.51 1.89 1.48 0.86 0.22 0.72 

 

 

Patient No.4  

Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

1 3.50 0.00 -1.20 3.60 0.70 -3.20 

2 -3.30 0.20 -1.10 1.30 -1.70 0.20 

3 3.20 -2.70 -3.10 -0.20 -0.70 -0.80 

4 -4.30 -2.50 -2.80 1.90 0.30 -0.70 

5 -2.60 -3.60 0.40 0.40 -1.30 0.00 

6 0.90 -3.00 -4.10 -0.50 0.30 -0.20 

7 -0.80 1.60 -4.10 3.30 0.30 -1.80 

8 3.40 2.22 -2.10 0.70 -2.30 0.10 

mean 0.00 -0.97 -2.26 1.31 -0.51 -0.80 

SD 3.20 2.25 1.57 1.53 1.11 1.17 
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Patient No.5  
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

1 0.80 -0.40 -1.90 0.50 0.10 -1.10 

2 2.90 -3.00 -5.60 0.70 0.00 -0.70 

3 1.40 -0.70 -5.00 -0.40 0.40 -1.00 

4 2.90 -2.40 -1.10 0.10 0.00 3.00 

5 0.70 -2.30 0.70 1.20 -0.40 0.40 

6 -0.40 -6.30 -1.10 0.90 0.30 -1.00 

mean 1.38 -2.52 -2.33 0.50 0.07 -0.07 

SD 1.31 2.12 2.46 0.58 0.28 1.60 

 

Patient No.6 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

1 -0.30 -3.10 -7.60 0.10 0.70 -0.70 

2 6.00 1.10 0.60 -0.10 -0.10 2.10 

3 -5.40 -2.40 -0.10 -0.50 0.60 1.30 

4 -0.20 -1.10 -0.10 0.20 0.60 -0.50 

5 1.30 -5.50 0.50 -0.10 0.70 1.00 

6 4.20 5.00 0.20 1.10 -1.90 0.40 

7 -1.90 -2.40 -2.30 -1.20 -0.60 -1.80 

8 -0.20 -0.10 2.40 -0.70 -0.60 -1.80 

mean 0.44 -1.06 -0.80 -0.15 -0.08 0.00 

SD 3.52 3.16 3.03 0.68 0.93 1.44 
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Patient No.7 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

1 -2.60 0.00 2.60 0.50 0.00 -0.50 

2 4.00 3.80 1.40 -1.80 -0.50 -1.40 

3 0.00 1.80 -3.00 -0.40 -0.50 -0.90 

4 -0.30 0.00 -0.70 -0.30 1.30 -0.10 

5 -5.00 4.60 -1.20 4.70 0.00 -2.40 

6 -8.60 2.90 -0.90 -0.50 0.00 -0.70 

7 -9.20 2.10 0.00 -0.20 -1.40 -0.50 

mean -3.10 2.17 -0.26 0.29 -0.16 -0.93 

SD 4.82 1.76 1.83 2.06 0.81 0.76 

 

 

Patient No.8  
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

1 0.00 0.00 -3.60 0.00 0.00 -1.40 

2 1.00 2.70 -8.60 -6.80 0.00 -0.80 

3 0.40 -0.10 3.50 0.90 0.00 0.00 

4 -0.10 -3.10 -3.70 0.00 0.00 -0.70 

5 9.00 -0.10 -5.70 8.00 0.00 -5.70 

6 3.10 -2.60 -6.00 -1.80 0.00 -0.40 

mean 2.23 -0.53 -4.02 0.05 0.00 -1.50 

SD 3.52 2.10 4.11 4.78 0.00 2.11 
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Patient No.9 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

1 1.40 -1.10 0.70 -0.30 0.30 0.70 

2 1.60 1.50 0.30 0.70 1.50 0.30 

3 0.00 1.50 -3.10 0.90 0.00 0.00 

4 7.80 2.80 1.40 2.00 -1.20 0.00 

5 -3.50 4.60 -6.70 -0.50 0.00 -2.50 

6 0.30 3.20 -0.50 0.20 1.50 0.60 

mean 1.27 2.08 -1.32 0.50 0.35 -0.15 

SD 3.69 1.94 3.06 0.91 1.03 1.19 

 

 

Patient No.10 

  

Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

1 -2.80 -2.50 -5.20 0.00 0.00 0.60 

2 0.60 2.70 -0.50 -0.60 0.00 0.00 

3 7.10 -0.10 0.60 -0.30 -0.30 2.80 

4 -0.50 0.00 1.40 -2.60 0.00 -0.50 

5 -2.70 0.00 -0.90 -1.00 0.10 -0.10 

6 -1.40 2.70 1.00 0.00 0.10 -0.10 

mean 0.05 0.47 -0.60 -0.75 -0.02 0.45 

SD 3.69 1.98 2.42 0.98 0.15 1.20 

 

 

Patient No.11  
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

1 -3.10 4.70 6.80 0.90 0.80 2.40 

2 -2.10 -0.50 -5.90 0.90 0.00 1.00 

3 -2.10 -1.70 4.70 0.50 1.00 2.00 

4 3.00 -1.40 -3.00 0.20 -0.30 -1.00 

5 3.40 -0.50 1.00 0.00 0.00 0.60 

6 0.10 -0.80 4.70 0.30 0.50 -1.20 

7 3.20 3.10 1.90 -1.00 1.00 0.10 

mean 0.34 0.41 1.46 0.26 0.43 0.56 

SD 2.84 2.47 4.55 0.65 0.53 1.38 
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Patient No.12  

 

Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

 (mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

1 -1.20 5.70 0.80 -1.80 -0.80 -0.80 

2 -2.00 -2.30 2.10 -0.40 0.50 -0.60 

3 1.90 0.70 -1.50 -0.50 0.20 -2.50 

4 5.30 0.00 2.90 1.20 0.00 0.00 

5 3.10 -3.10 -0.50 1.00 1.20 0.60 

6 1.60 -5.00 -1.60 -0.60 1.60 -1.40 

mean 1.45 -0.67 0.37 -0.18 0.45 -0.78 

SD 2.71 3.75 1.88 1.12 0.86 1.09 

 

Patient No.13 

 

Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR  

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

1 1.00 0.00 0.00 -0.70 0.00 -0.70 

2 -0.50 4.10 -6.50 -1.00 0.20 -0.10 

3 -1.10 0.20 2.90 0.70 0.00 0.00 

4 -3.50 1.50 -3.10 0.90 0.20 0.10 

5 -0.70 0.00 -4.30 0.50 0.20 -0.50 

6 -0.30 -0.90 5.00 -2.20 0.00 -0.70 

7 -0.20 0.10 0.30 0.00 0.20 0.80 

8 1.00 0.00 0.00 -0.70 0.00 -0.70 

mean -0.76 0.71 -0.81 -0.26 0.11 -0.16 

SD 1.37 1.65 4.07 1.11 0.11 0.53 
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Patient No.15 
Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

1 -0.50 4.90 -2.70 0.00 0.00 -1.00 

2 -1.90 0.30 -1.30 -0.80 -0.10 0.10 

3 -2.00 -1.70 -5.00 0.30 0.90 -1.00 

4 -2.00 0.90 -2.30 0.30 -0.40 -2.00 

5 -0.30 -1.10 -1.30 -1.00 -0.50 -1.60 

6 -2.10 -1.70 0.20 0.40 1.00 -1.00 

mean -1.47 0.27 -2.07 -0.16 0.15 -1.08 

SD 0.83 2.51 1.75 0.68 0.65 0.71 

 

  

Patient No.14   

 

Inter-fraction Intra-fraction 

(Set-up error) (Patient movement) 

Fraction 
LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

LR 

(mm) 

SI 

(mm) 

AP 

(mm) 

1 -4.60 4.70 4.40 0.40 0.00 -1.20 

2 -4.30 -1.00 -10.10 -0.50 1.20 1.30 

3 -3.50 0.30 1.20 -1.20 0.00 -1.20 

4 8.30 -3.10 -5.10 -0.50 0.00 0.50 

5 -1.00 1.30 -2.50 -1.20 0.30 0.80 

6 0.70 0.90 -1.70 -0.30 0.40 -1.20 

7 2.80 2.10 -2.10 -0.40 0.50 0.50 

mean -0.23 0.74 -2.27 -0.53 0.34 -0.07 

SD 4.65 2.44 4.59 0.55 0.43 1.09 
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