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SUMMARY 

 

CALCULATION OF VOLUME CONTRACTION ACCURACY BASED ON CT PLAN 

USING TOMO THERAPY   FOR HEAD AND NECK CANCER PATIENTS 

 

Sümeyra CAN 

 

Biomedical Engineering Programme 

MSc  Thesis 

 

Advisor: Yrd. Doç. Dr. Haşim Özgür TABAKOĞLU 

 

This study aims to determine the accuracy of the volume shrinkage for target as well as 

parotid glands and dose delivery by using weekly CT images based on 0-mm margin plan for 

head and neck cancer patients and to prove that IGRT is not enough to protect parotid glands 

by reducing margin. 

For this purpose, ten head and neck patients, treated with simultaneous integrated boost on a 

Tomo Therapy unit, were selected for this study. Two different plans were generated based on 

standard margin and 0- mm margin. Calculation of volume contraction accuracy for targets 

and parotid glands was studied. 

The mean volume reduction in PTV1 is 3.3 %. The mean volume reduction in right parotid 

gland is 11.7 %. The mean volume reduction in left parotid gland is 13.5 %. The mean 

reduction in the distance between parotid glands is 2.2 %.  

Head and neck cancer patients undergo many anatomical changes; therefore, reducing margin 

is not enough to protect parotid glands. Adaptive radiation therapy is necessary for some 

cases. 

Keywords: Head and Neck, IMRT, IGRT, TomoTherapy 

FATIH UNIVERSITY - INSTITUTE OF BIOMEDICAL ENGINEERING 



 xvi 

ÖZET 

 

TOMOTERAPİ İLE TEDAVİ EDİLEN BAŞ BOYUN KANSERİ HASTALARI İCİN 

CT PLANINA GÖRE HACİM KÜ Ç.ÜLMESİNİN DOĞRULUĞUNUN 

HESAPLANMASI 

 

Sümeyra CAN 

 

Biyomedikal Mühendisliği Programı 

Yüksek Lisans Tezi 

 

Danışman: Yrd. Doç. Dr. Haşim Özgür TABAKOĞLU 

 

Bu araştırma, tümör hacmindeki ve salgı bezlerinin hacmindeki küçülme miktarının 

hesaplanmasını ve baş boyun kanseri hastaları için 0-mm magrin kullanılan tedavi 

planlamasına göre haftalık BT görüntüleri kullanılarak verilen dozun belirlenmesini amaçlar.  

Bu nedenle tomoterapi ile tedavi edilen 10 baş boyun kanseri hastası analiz edildi. Standart 

magrin ve 0-mm magrin baz alınarak iki farklı tedavi planlaması yapıldı. Tümör ve salgı 

bezlerinin hacimlerindeki küçülme miktarı hesaplandı. 

Bu sonuçlara göre, PTV1 hacmindeki ortalama küçülme miktarı 3.3%, sağ ve sol salgı 

bezlerinin hacmindeki ortalama küçülme miktarı sırasıyla 11.7% ve 13.5% olarak hesaplandı. 

Ayrıca, salgı bezleri arasındaki mesafenin ortalama küçülme miktarı 2.2% olarak belirlendi.  

Bas boyun kanseri hastalarında birçok anatomik değişiklikler gözlemlenir. Margindeki azalma 

salgı bezlerinin korunması için yeterli değildir. Bu nedenle, bazı hastalar için adaptif 

radyasyon tedavinsin gerekli olduğu kanıtlanmıştır.  

Anahtar kelimeler: Bas ve boyun kanseri, IMRT, IGRT, TomoTerapi 

FATİH ÜNİVERSİTESİ -BİYOMEDİKAL MÜHENDİSLİK ENSTİTÜSÜ 
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CHAPTER 1 

INTRODUCTION 

1.1 Literature Review 

The number of people who are treated by radiation therapy, an alternative technique for 

cancer treatment, is mushrooming.  Intensity Modulated Radiation Therapy, Image 

Guidance Radiation Therapy and so on are some radiation therapy techniques. According to 

the research, scientists have obtained successful results in treating tumors by using 

radiation therapy. Cancer, especially head and neck cancer, is not a nightmare anymore for 

most patients with the advent of advanced technology.  

In the United States, there are 52,140 new cases and 11,460 deaths each year from head and 

neck cancers based on American Cancer Society figures (Jemal et al. 2010). It is known 

that people who smoke cigarettes and drink alcohol have a high risk to become a head and 

neck cancer patient 
1
.   

Head and neck cancers are located in the paranasal sinuses, nasal cavity, oral cavity, 

pharynx and larynx. This type of cancer is mostly seen adjacent to the spinal cord, brain 

stem, parotid glands and optic pathway. It is also known as squamous cell carcinoma and 

includes epithelial malignancies. This cancer can be treated with surgery, chemotherapy 

and radiation therapy. After the delivery of radiation treatment, the long-term survival rate 

for head and neck cancer patients shows different variations.  In this study, radiation 

therapy is considered specifically as a treatment technique for this type of cancer 
2-3

. 

Radiation therapy gained its momentum with cutting-edge technology. Before 1990, 

radiologists used conformal radiotherapy techniques. With the use of this technique, the 

ability to target the tumor is improved. At the same time, its use can increase the ability to 

spare normal tissues that are close to tumor locations during treatment 
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delivery. After 2000, intensity modulated radiation therapy - IMRT - began to be used more 

widely. Since IMRT decreased xerostamia (dry mouth and symptoms of dryness in the 

mouth based on changes in the salivary glands after radiation therapy) and increased the 

long-term quality of life, it has taken the place of conventional radiation therapy (Pow et. 

al. 2006) 
4-5

.  

IMRT involves radiation therapy techniques based on the use of a linear accelerator. IMRT 

improves the therapeutic index by increasing target volume coverage using inverse 

planning technique for optimization process while reducing doses to the surrounding organs 

at risk such as the spinal cord and brainstem. In addition, this technology is applied using 

non-uniform beam intensities therefore delivering the dose with high conformity 
6
. Another 

advantage of IMRT is that it can protect organs at risk during treatment. The organs receive 

lower doses with this technique 
7
. However, it is almost impossible to spare all organs 

therefore dose accumulation can occur in some. During dose delivery, the radiologist has to 

choose to protect the smaller organs because it is easier to spare them. At the same time, 

IMRT allows the radiation oncologist to deliver the dose in a concave shape, and this is 

why this technique is useful to treat head and neck cancers due to their complex structure 
8
. 

One important concern arises while using this treatment method. Even though IMRT 

provides target coverage and can spare normal tissues, quality assurance has to be provided. 

Therefore the planning of the intensity modulated radiation therapy is one of the most 

crucial aspects of treating this cancer. 

 There are three different stages of treatment planning. Image acquisition is the first step. 

Since the tumor location has to be determined with certainty, computed tomography is used 

to take high-quality images to achieve this goal. After obtaining the first images, physicians 

have to do target delineation by defining the primary tumor and nodal target on the CT 

images. During the target delineation process, the gross tumor volume of the primary tumor 

and the clinical tumor volume have to be taken into consideration on each serial CT scan 

image. The clinical target volume has to include the gross tumor volume and nodal stations 

that have organs at risks. Tumor targets and some critical structures such as the brainstem 

and spinal cord are contoured on slice-by-slice CT images to prevent the mistake of 

installation of a clinical target volume (CTV). To complete the target delineation process, 
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physicians have to determine the actual dose for each structure that is contoured. Since 

organs at risk have specific tolerances, dose limitations should be considered throughout 

delivering the treatment. The final step of IMRT planning is to establish the specific beam 

arrangement and to develop dosimetry based on an inverse planning system
9-10

.  

Even though intensity modulated radiation therapy provides dose conformity and sparing of 

vital organs located near the tumor, it has several disadvantages such as longer treatment 

time and dose inhomogeneity within the target
11

. Additionally, the alteration of tumor 

location cannot be detected with IMRT. To overcome this obstacle, Image Guidance 

Radiation Therapy has been developed. 

Since the position and shape of the tumor and organ at risks cannot be determined for each 

treatment circumstances, volumetric images should be acquired using IGRT shaded light to 

solve this problem and to obtain images with high resolution.   

Imaging is the one of the cornerstones of radiation therapy. To prevent setup error, 

physicians began to use IGRT. It provides two or three-dimensional imaging and decision 

making at the same time, throughout the course of radiation treatment. The imaging 

coordinates of the actual treatment plan is made useful for direct radiation therapy. During 

the radiation treatment course, set- up error, organ motion, as well as a change in the 

volume and shape of the tumor due to the loss of weight can all occur. To observe these 

kinds of changes, volumetric images should be acquired. Therefore, the main goal of IGRT 

is to prevent the uncertainty caused by organ motion and so on by figuring out the patient's 

anatomical changes. So altering the patient's position and adaptive radiation therapy based 

on daily or weekly images are made possible by using image guidance radiation therapy 

(Korreman et al. 2010)
 12

. At the same time, verification of actual delivered dose is 

achieved by increasing confidence and safety
 13

. Image guidance radiation technology 

applies on kilo voltage CT- kVCT and mega voltage CT- MVCT imaging in order to be 

sure the patient position in all dimensions is accomplished with MVCT during the 

treatment. However, kVCT images are more helpful to calculate an actual dose. Since 

contouring the critical structures and all targets slice by slice on kVCT images is more 

accurate, kVCT is more informative and it is used for diagnosis.  It is especially important 

for head and neck cancer because of the tumor shape
14

. 
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 As mentioned above, IGRT is a useful tool to obtain three-dimensional images. Since 

intensity modulated radiation therapy does not have image guidance technology, the 

position and shape of the tumor and OARs cannot be certain with IMRT, so shifting of the 

location of OARs cannot be observed for each treatment circumstances. As a result, it 

causes the critical structures such as the spinal cord and parotid glands to receive a higher 

dose than the actual planned dose. In order to solve this problem, the safety margin can be 

reduced to maintain the tumor control probability by using IGRT. It is especially important 

when the tumor is adjacent to critical structures such as parotid glands, spinal cord or 

brainstem. IGRT makes organ sparing available while delivering a high dose of radiation 

by increasing safety and reducing the margin
15

. Therefore, for this study, 0-mm margin was 

applied to protect critical structures as much as possible. To extinguish the uncertainties 

caused by organ motion, patient’s weight and tumor location, some ideas emerged to 

improve image guidance technology.    

There are several treatment methods based on image guidance radiation therapy.  Tomo 

Therapy is the first tool that is used to combine image guidance. Tomo Therapy, meaning,  

―slice therapy,‖ was invented by Professor Thomas Rockwell Mackie, Ph.D. and Paul 

Reckwerdt at the University of Wisconsin. The first patients were treated in 2002. 

Basically, it is a combination of image guidance radiation therapy and intensity modulated 

radiation therapy. It provides volumetric images by using mega voltage computed 

tomography (MCVT) because modern CT simulators do not have long acquisition times. 

MVCT makes motion visualization available to estimate PTV as a target
16-17

. At the same 

time, it can be easily observed whether or not normal structures encircle the treated volume. 

Later, this technology was improved by mounting a 6 MV linear accelerator on a ring 

gantry simulator and was then called helical tomotherapy
18. Inverse planning is also used 

for helical Tomo Therapy but a rotational gantry system and binary multi-leaf collimator 

are promoted instead of a fixed number of beam angles. Two steps- pre-calculation and the 

optimization stage- are separated in helical Tomo Therapy planning. To optimize patient 

treatment, the field width with a slice width of 1 cm, 2.5 cm or 5 cm  is used  based on the 

jaws- the primary collimator- which are 40 cm wide. In this study, 2.5 cm was chosen as a 

field width to achieve high dose/ fraction delivery
19

. As a result, delivering a higher dose to 
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the target while minimizing the dose given to the vital organs is possible.  

Since IGRT allows reducing the margin, many scientists have done research in this field, 

however, this particular proposed research is unique because the 0-mm margin was used for 

the optimization process based on weekly CT images. In addition, GPU based image 

framework allows to calculate real time dose accumulation. So, the main goal of this study 

is to show the benefit of helical Tomo Therapy and image guidance radiation therapy for 

head and neck cancer treatment. In addition, another primary aim is to protect the salivary 

glands in order to increase quality of life for those patients who suffer due to xerostemia.  

Therefore, while doing the optimization process and re-planning the treatment by using 

CTV, much time was spent on the parotid glands and spinal cord to deliver lower dose than 

the actual planned dose.  

1.2  Purpose of Thesis 

The aim of the research is to determine the accuracy of the volume shrinkage for target as 

well as parotid glands and dose delivery by using weekly CT images based on 0-mm 

margin plan for head and neck cancer patients treated with helical Tomo Therapy. At the 

same time, the research aims to reduce the toxicity of delivering high-dose radiation during 

treatment. In addition, another important goal is to prove that IGRT is not enough to protect 

parotid glands by reducing margin.  

1.3 Hypothesis 

IGRT is beneficial tool to reduce margin and correct setup error. However, adaptive 

radiation therapy is necessary to provide better organ sparing. Therefore, IGRT is not 

sufficient to protect all OARs by reducing margin. As a result, adaptive radiation therapy 

should be employed for better protection of parotid glands. 
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CHAPTER 2 

HEAD AND NECK CANCER 

2.1.1    Anatomy of Head and Neck Cancer 

Normally, a cell is divided and grows under control. But sometimes it cannot control its 

growing size, therefore the division begins uncontrollably. As a result, it forms malignant 

tumors called cancer cells. Some cancer cells may also spread quickly to other body parts. 

There are more than 200 cancer types defined. Head and neck cancer is one of the most 

malignant tumors studied in this research specifically. 

Head and neck cancer is located in para nasal sinuses, nasal cavity, oral cavity, pharynx and 

larynx. This type of cancer is mostly seen adjacent to the spinal cord, brain stem, parotid 

glands and optic pathway. It is also known as squamous cell carcinoma and includes 

epithelial malignancies. Since head and neck tumors have the ability to penetrate mucosally 

and submucosally, they can grow quickly. 
20 

There are five types of head and neck cancer; oral cavity, pharynx, larynx, paranasal 

sinuses and nasal cavity, salivary glands. They are classified depending on their origin. 

Salivary glands are relatively rare compared to other types, while major glands and minor 

glands located in the oral cavity produce salivary. Also, parotid glands are responsible for 

the serous secretion. Under certain circumstances, most of the total saliva flow is produced 

by parotid glands. Since head and neck cancer has a close proximity to critical structure 

such as parotid glands, cord, brainstem and so on, delivering the radiation therapy without 

causing a damage to these structures is the most crucial part of treatment. As a result, 

preserving organ function, especially parotid glands have to be considered to increase 

quality of life for these patients. According to the research, most of the head and neck 

cancer patients suffer from xerostemia. Xerostamia is known as dry mouth and symptom of 

dryness in the mouth due to changing of salivary glands` function after the radiation 

therapy. If higher dose is delivered to salivary glands, it causes patients to lose their taste 

and to have difficulties in swallowing. Therefore an alteration occurs in quality of life. 
21-22 
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2.1.2   What causes head and neck cancers? 

There are many reasons causing head and neck cancers, however, it has been proved that 

people who smoke and drink have a higher risk to have a head and neck cancer, especially 

cancers of the oral cavity, oropharynx, hypopharynx and larynx.  

In the United States, the number of people who are affected by the human papillomavirus 

(HPV), especially HPV-16 is increasing. This virus causes oropharyngeal cancer 

particularly. This cancer type includes tonsils or the base of tongue. 
23 

In addition to the tobacco smoking, alcohol and HPV, Paan (betel liquid), mate (tea like 

beverages), conserved or salted food, poor oral hygiene, occupational exposure to wood 

dust, and   exposure to radiation cause the head and neck cancer.  

2.1.3    Signs and symptoms 

As mentioned before, head and neck cancer spreads quickly due to its nature. This benign 

tumor is usually seen around lymph nodes in the neck. For the most cases, the tumor 

location is a crucial sign for certain cancer types such as cancer of the mouth, larynx (voice 

box), throat, lymphomas and blood cancer. It is often painless and grows rapidly.  

According to the origin of head and neck, symptoms might differ. Some changes in voice 

are the initial sign of larynx cancer. Head and neck cancer located in the mouth can cause a 

pain or difficulties in swallowing. Sometimes it is painless and it causes bleeding in the late 

stages of the disease. Blood can be seen in saliva or phlegm. People who have throat or 

esophagus cancer can have problems while they are swallowing solid food or beverages.  

In addition to swallowing problem, patient’s skin might be changed because the most 

common head and neck cancer includes basal cell cancer. Exposure to sun is the most 

effective cause of basal cell cancer of the skin. Since head and neck region is exposed to the 

sun more than the other parts of the body, it is especially dangerous for this area. Head and 

neck cancer mostly includes squamous cell cancer and malignant melanoma; therefore this 

type of cancer is located on the lower lip and ear. As a result, this malignancy causes a pain 

around the ear and in the esophagus while swallowing. If this cancer is treated early, it is 
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not dangerous. Hence, people who have these signs and symptoms should go to a doctor for 

early detection.
24-25

 

2.1.4   Treatment Methods for Head and Neck Cancer 

Before doctors make their decision about which treatment should be used for particular 

patients, they have to examine them carefully. Treatment methods are determined 

according to patient’s age, tumor location and cancer type. There are three treatment 

methods; surgery, chemotherapy and radiation therapy.  

2.1.4.1   Surgery 

The tumor is removed by the surgeon. If the tumor spreads to lymph node in the neck, 

surgeon can use surgery as an alternative treatment technique. After the surgery, patient’s 

appearance can be changed. Sometimes, surgery might cause the difficulties of swallowing, 

talking or chewing.  

2.1.4.2   Chemotherapy 

This treatment method is known as anticancer drugs. These drugs have the ability to kill 

cancer cells as well as blood cells. Since some blood cells play a vital role to kill infections, 

people might be fatigue against the disease. In addition, some chemotherapy drugs have 

some side effects. Therefore, patients using these drugs can suffer from diarrhea, vomiting, 

pain in the mouth and hair loss. Also, these patients might fell themselves tired and they 

might have joint pains, loss of balance.  

2.1.4.3  Radiation Therapy  

Radiation therapy is one of the corner stones for cancer treatment. The use of radiation is 

necessary for radiation therapy, which is an alternative technique for cancer treatment. 

Radiation is delivered by an X-ray source with a high energy. When the tumor is exposed 

to radiation, it is absorbed by the tissue. Therefore it damages the cancer cells by changing 

their DNA structures. As a result, radiation stops the division of cancer cells. 
26 

Although radiation is one of the most effective tools to fight cancer, it has several 
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undesirable effects as well. Especially head and neck cancer patients suffer from 

xerostemia, which is related to radiation exposure on parotid glands. After the radiotherapy, 

these people can lose their taste, which decreases quality of life due to insufficient nutrition. 

Thus radiation oncology has been improved to reduce these side effects.
24-27

 

Today, cancer patients who are treated with radiation therapy have many options to 

overcome their cancer problem. Intensity modulated radiation therapy and image guidance 

radiation therapy are some of the most important examples of radiation therapy. Therefore 

this research aims to show that cancer, especially head and neck cancer, is not a nightmare 

anymore for cancer patients.  

INTENSITY MODULATED RADIATION THERAPY (IMRT) 

2.2.1  IMRT 

Intensity modulated radiation therapy implies the radiation therapy techniques depending 

on linear accelerator. It is provided that a tumor can be targeted from different angles by 

using many small beams or beam lets. Each beam sends the radiation from a specific 

direction and a computer controls the throughout the radiation treatment course. As a result, 

radiation is intensified by these beam lets called multi- leaf collimator (MLC).  Also, it is 

possible to block certain areas in the head and neck region during the movement of leaves. 

The precise dose is delivered to the target and also in specific areas within the target. 
28-29-30 

In addition, delivering the different doses to multiple targets is possible with only one 

treatment plan.  

IMRT expanded the idea of 3D-CRT to obtain dose conformity for complex tumor shape. It 

allows the radiation oncologist to deliver the dose in a concave shape, therefore this 

technique is useful to treat head and neck cancer due to it is complex structure. It improves 

the therapeutic index by increasing target volume coverage and using inverse planning 

while reducing the delivered dose to the surrounding organs at risk. In addition, computer 

optimization generates the IMRT plans. This technique is also important to deliver a high 

dose to the primary target and a lower dose to critical structures. 
18 

Even though IMRT is a 

useful tool to provide higher dose conformity, it increases dose inhomogeneity and steep 
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dose gradient. As a result, the radiation oncologist has to examine carefully the ―hot spots‖ 

to confirm whether or not they overlap the  OARs.
11-19-31

 

Since IMRT protects healthy tissues as much as possible against radiation toxicity, it has 

been used to treat many cancer types such as prostate cancer, head and neck cancer so far. 

Since head and neck cancer is adjacent to some important organs such as cord, parotid 

glands, patients diagnosed having this benign tumor can suffer from xerostemia relating to 

toxicity of parotid glands. As a consequence, sparing the organs at risk is especially 

important to protect these organ`s function to increase patient`s quality of life.
 32-33-34

 

However, it has limited opportunities to treat breast, thyroid as well as lung cancer.  

IMRT application consists of several steps. Immobilization is the most important part of 

intensity modulated radiation therapy to prevent a set-up error. Since tumor location and 

size can be changed due to several factors such as loosing weight, imaging and target 

volume outline have to be determined exactly. For this reason, CT images are used before 

the treatment course. After obtaining the images, the radiation oncologist should define the 

dose to be delivered depending on target and they have to consider the critical structures. 

IMRT is beneficial for plan verification because inverse planning is preferred for IMRT. 
35 

2.2.2   Advantages and Disadvantages of IMRT 

IMRT has many advantages in treating head and neck cancer; however, it also includes 

several disadvantages under certain circumstances. IMRT provides target volume coverage 

by using inverse planning technique while reducing the dose to the surrounding organs at 

risk such as cord and brainstem.
 7

 In addition, this technology is applied using non-uniform 

beam intensities, hence intensity modulated radiation therapy can deliver the dose with high 

conformity.  This is especially important for head and neck cancer because this type of 

cancer is located adjacent to critical structures. These organs might be given a lower dose 

with this technique. However, it is almost impossible to spare all these organs. To prevent 

the invading of critical structures, IMRT might block each beam, so the desired dose is 

delivered to PTV.
 36

 In addition, it provides   concave shape treatment with this way. As a 

result, this treatment method is vital for head and neck cancer due to its complex tumor 

shape. However, blocking each beam causes the dose inhomogeneity in target. But, other 
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beams can deliver the dose from other directions to increase target volume coverage while 

sparing OAR. Additionally, it affects steep dose gradient, so a very sharp dose can be 

observed in IMRT planning.
37

 Although IMRT is good at covering the target and sparing 

the critical structures, longer treatment delivery durations can make patients exhausted. 

Also, treatment-planning process is time consuming for this treatment technique.  

During the radiation treatment course, set- up errors, organ motions, as well as the change 

in the volume and shape of the tumor due to weight lost might occur. Since intensity 

modulated radiation therapy does not have image guidance technology, the position and 

shape of the tumor and OARs cannot be precise with IMRT, and so shifting of the location 

of OARs cannot be observed on every treatment circumstances. As a result, it causes the 

critical structure such as cord and parotid glands to receive a higher dose than the actual 

planned dose due to setup error.
11- 38 

2.2.3   Treatment Planning 

As explained before, head and neck cancer shows a close proximity to the critical structure. 

Therefore, treatment planning is the complex part of the treatment. However, according 

IMRT planning strategies, it has been proved that this treatment method provides organ 

sparing while delivering the high dose to target volume. According to research, IMRT is 

effective to protect salivary glands while delivering the radiation. In addition, it is a vital 

method increasing the patient`s quality of life. 
4 

Even though IMRT provides the target 

coverage and normal tissue sparing, patient` s immobilization is one of the most crucial 

part. While performing the treatment, a thermoplastic mask provides immobilization. 

Immobilization is important for the greatest dose conformity.
7 

Therefore radiation therapist 

have to consider daily setup accuracy and the patient`s correct position. This is the most 

challenging part of IMRT treatment plan since the tumor is adjacent to the organs at risk 

and IMRT shows sharp steep dose gradients between the target and these critical structures. 

As a result, so much time is spent for an accurate treatment plan. 
11-18 

IMRT planning 

includes three steps; image acquisition, target delineation and inverse planning. 
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2.2.3.1  Image Acquisition 

Imaging is one of the corner stones for the radiation therapy. For IMRT planning, patient`s 

images are obtained by kilo voltage computed tomography before the treatment. For 

providing daily images to make sure about the patient`s setup and to evaluate the treatment 

planning, the radiologist prefers to use kVCT for diagnostic purposes. However, MVCT 

images are used to determine the deformation between kVCT and MVCT images.  There is 

a similarity between them, because their working principle shares the same physics rules 

called Compton Effect (Ruchala et.al.1999).
 39 

Compton Scattering is an inelastic one 

because the momentum and energy cannot be preserved after the interaction. As a result, a 

decrease in energy and an increase in wavelength occur. Since energy of kVCT and MVCT 

are different from each other, their interactions with bone and soft tissues are quite different 

due to Compton effect. Therefore images which are obtained by MVCT are noisier and 

they have lower contrast than diagnostic kVCT. To conclude, kVCT images are more 

helpful to calculate the actual dose. Since countering the critical structures and all targets 

slice by slice on kVCT images is more accurate, kVCT is more informative and is used for 

diagnosis.  This is especially important for head and neck cancer because of its tumor 

shape.  Although kVCT makes good diagnostic images available, sometimes MRI and PET 

scan have to be fused on to CT images to determine the target that is not seen certainly on 

the CT images and to contour normal structures. 
40-41 

2.2.3.2  Target Delineation 

After obtaining the first kVCT images, target delineation takes place in IMRT planning as a 

second step. In this step, determining the gross tumor volume, the clinical target volume 

and planning target volume is the most vital part. After the physical examination, the first 

defined volume is the gross tumor volume. Sometimes it encompasses the clinical target 

volume. 

The gross tumor volume gives us information about where the gross diseases are located. 

The second important volume is the clinical target volume. Clinical target volume includes 

the gross tumor volume and/or subclinical microscopic malignant disease, which has to be 

eliminated.  It has subdivisions such as CTV1 and CTV2. The high-risk region is 
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determined under CTV1; however, the low risk region and prophylactically treated neck 

region are included in CTV2. Therefore, GTV and nodal stations are considered in CTV. 

Finally, adding safety margin, which can be expanded from 5mm to 20mm, to clinical 

target volume, forms planning target volume.   

In addition, normal structures and some critical structures are contoured in this step.
42 

Target delineation is shown in Figure 2.1. The major concern of target delineation is to 

spare as many healthy organs as possible. It is especially important for parotid glands 

because total saliva is produced by these glands. Therefore, it is really important to prevent 

xerostemia linked to radiation toxicity. However, to spare each critical structure is almost 

impossible. As a result, small organs have to be considered first for sparing. In addition, 

sometimes reducing margin is    beneficial to protect critical structures. It is important when 

the tumor touches these organs. 
1 

2.2.3.3  Inverse Planning  

The final step of IMRT planning is to establish the specific beam arrangement and to 

develop dosimetry according to inverse planning system, which is effective to deliver 

IMRT. 
32 

To complete the target delineation process, physicians have to determine the 

actual dose for each structure that is contoured. Since organs at risk have a special 

tolerance, dose limitations should be considered throughout performing the treatment. 

Usually, 70 Gy is given for GTV; however, this delivered dose is less for CTV1 and CTV2. 

CTV1 may get 66 Gy mostly and at least 54 Gy. 50-54 Gy is appropriate for CTV2. 
4 

After 

the specification of desired dose distribution conducted by treatment variables, some 

calculations about treatment variables have to be done. In this step, the objection function 

helps the radiation oncologist to find a solution by evaluating the clinical objectives in the 

form of mathematic. In addition, each iteration calculates the objective function. 

Eventually, a new dose- volume histogram is obtained according to this inverse planning 

system. 
7 -32 
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Figure 2.1 Target delineation: Contouring the organs at risk for one of the patients. Based 

on the picture, dark blue presents mandible. Pink is right parotid glands. Left parotid gland 

is shown with light blue. Orange is cord. Yellow is chosen for PTV2 and green is chosen 

for CTV2 

 

IMAGE GUIDED RADIATION THERAPY (IGRT) 

2.3.1 IGRT 

Imaging is not a new technology developed for medical purposes. The use of medical 

imaging provides direct visualization of anatomic and physiologic insight into human body. 

In previous decades, image guidance began to be used in radiation oncology.  

It includes different imaging modalities such as photon, electron, and proton external beam 

therapy. These imaging modalities play an important role to reduce setup errors during the 

treatment course. In order to obtain an image, 2D and 3D images are used in radiation 

oncology field.
12 

X- rays are a kind of electromagnetic radiation that was discovered by Wilhelm Rontgen. 

X- rays have a small wavelength and a high energy; therefore they have a great ability to 

penetrate in to the object. As a result, X- rays play an important role for medical imaging. 

Radiograph and computed tomography use X- rays for imaging purposes.  
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On the other hand, atom ionization occurs when atom is exposed to x- rays due to high 

energy of X- ray photons. Even though this characteristic of X- rays increases the cancer 

risk in medical imaging, it is beneficial to kill cancer cell. When X- rays penetrate into the 

cancer cells, X- ray photons change the function of malignant cell. Since radiation therapy 

requires high energy, this treatment method uses X- rays to treat cancer patients. Therefore, 

X- rays are used for radiation oncology for therapeutic purposes.  

Since X- ray photons are absorbed by soft tissues, it is beneficial to detect pathology of the 

skeletal system by radiograph. In addition, these photons are used in order to determine 

some disease processes in soft tissues. Computed tomography is another tool that uses x- 

ray photons for diagnostic and therapeutic purposes.  Cone beam computed tomography 

was mounted in linear accelerator to make the image guidance useful in radiation treatment. 

Tomographic images or the slice of specific region of the body can be obtained by 2- 

dimensional X- ray images. Since these X- ray images are captured from different 

directions, they can be utilized into 3- dimensional images inside the body. Therefore 

computed tomography is beneficial to diagnose and to treat patients. 
43- 44 

As mentioned above, advent of the IMRT provided and increased quality of life for head 

and neck cancer patients by sparing OARs and reducing the common toxicity. However, 

there is a limitation caused by anatomical changes. Since head and neck cancer patients 

might have significant anatomical changes due to weight loss and volume change of target, 

it effects the location of some critical structures  such as the cord and parotid glands.  

In addition, the distance between both parotid glands usually decreases. If parotid glands 

move to the high dose region, caused by the decrease of the distance, high dose is delivered 

to the parotid glands. 
45 

For head and neck cancer patients, increasing the accuracy of the 

radiation therapy, immobilization and setup correction become more important. Cho et al. 

described the relationship between the effect of setup uncertainties and equivalent uniform 

dose distribution.
46

 Even though there is a small effect on DVH and EUD when adequate 

treatment margins are used, reducing margin is especially important when the tumor 

touches critical structures and geographic miss occurs. Under these circumstances, tumor 

control probability is not provided. In addition, overdosing of OARs can be observed.
47 
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Therefore, radiation therapists have to determine whether there is a shift of OARs before 

the radiation beam begins to rotate. For this situation, tumor tracking system and re-

planning the treatment have become necessary.
15

 

Development of the imaging opened a new window to radiation oncology. With the advent 

of the 3D soft tissue imaging, which can be obtained before, during and after the treatment, 

detection of the target location and sparing the critical structures such as cord and brainstem 

become possible. In addition, computed tomography allows the planner to deliver the dose 

to the target as planned while protecting the normal tissue. Imaging is also essential not 

only for target coverage and organ sparing but also preventing setup errors due to organ 

motions. During the radiation treatment, organ motion occurs at esophagus, head and neck 

region, as well as lungs due to breathing. It causes undesired radiation toxicity. 
48 

As a 

result, patient`s quality of life decreases. But the advance of imaging overcomes this 

obstacle by providing good image quality. The change in the position of tumor, an 

anatomical change due to weight loss might be detected by image guidance technology.
14- 49 

Image guidance radiation therapy is one of the most useful tools to provide volumetric 

images during radiation treatment course. The computed tomography system located on 

rails can be moved to detect patient`s position. 
13 

Decision making process based on images 

is possible with this technology. IGRT shaded a light by providing the geometric accuracy 

of tumor location and size. Also, it is possible to detect organ motions. Furthermore, IGRT 

is beneficial to increase tumor control as well as safety and to decrease toxicity due to 

radiation. 
14- 50

As a result, the main concern of IGRT is to provide real time imaging to 

eliminate uncertainty. One of the goals of IGRT is to allow to change the patient’s position 

and to make the adaptive treatment plan possible. However, the process of IGRT is more 

complicated and it has several steps. These are; 
12

 

 Data acquisition with detection and diagnosis 

 Treatment planning 

 Target delineation and contouring the OARs 

 Dose calculation  
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Even though IGRT provides volumetric imaging by using mega voltage computed 

tomography, target localization is the most challenging part because each patient has 

different changes in their anatomy. 
51 

Hence, the main goal of IGRT is to prevent the 

uncertainty caused by organ motion and so by figuring out the patient's anatomical changes. 

So altering the patient's position and adaptive radiation therapy according to daily or 

weekly images are made possible by using image guidance radiation therapy (Korreman et 

al. 2010) 
12 

Besides, verification of actual delivered dose is achieved by increasing 

confidence and safety. To conclude, image - guided radiation therapy is crucial to track 

cancer and to protect normal structures by providing the reduction of  margin.
52- 53 – 54 

HELICAL TOMO THERAPY 

2.4.1 Helical Tomo Therapy 

Tomo Therapy, meaning ―slice therapy,‖ was invented by Professor Thomas Rockwell 

Mackie, Ph.D. and Paul Reckwerdt at the University of Wisconsin. The first patients were 

treated in 2002. Tomo Therapy is a combination of image guidance technology and 

intensity modulation radiotherapy. Basically, a linear accelerator is mounted in a ring 

gantry.   Therefore, this system has the availability to rotate continuously around patients. It 

delivers the radiation depending on jaws that is the primary collimator.  

Jaws are 40 cm wide and it has three different slice width (1cm, 2.5 cm, 5 cm) choices. 
16 

As a result, Tomo Therapy can produce a finer scan. Also, it is possible to optimize patient 

treatment. Improving the image quality and changing the length of scan is possible with this 

technology. 
55

 

Later, Tomo Therapy was improved by mounting a 6 MV linear accelerator on a ring 

gantry simulator and was then called helical Tomo Therapy. Figure 2.2 shows helical Tomo 

Therapy unit at UCLA Radiation Oncology Department. Image guided radiation therapy is 

also used for helical Tomo Therapy to guarantee patient`s setup by using daily mega 

voltage computed tomography scan. This system has the ability to rotate 360 degrees 

around the patient; therefore the radiation is delivered in a helical mode.
56 
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Figure 2.2   Helical Tomo Therapy Unit, Radiation Oncology Department, UCLA 

Helical Tomo Therapy has multi- leaf collimators. These collimators can switch itself on 

and of in 20 ms, so they are very fast. Since the number of beam angles per gantry is high, 

the radiation treatment can be delivered with high intensity modulation.  

In addition, the radiation can come from different angles in the rotational gantry system. It 

allows to deliver the dose in concave shape and to treat multiple targets at the same time.
57

 

As a result; helical Tomo Therapy is one of the most unique ways to treat head and neck 

cancer due to its complex tumor structure. This technology also provides a highly 

conformal dose distribution while sparing organs at risk.
58 

Therefore helical Tomo Therapy 

has several advantages for cancer treatment. First, a high dose can be delivered to the target 

while reducing the toxicity for critical structures such as cord, parotid glands and 

brainstem.
59

 Second, patient`s position can be corrected before delivering the treatment by 

using MVCT images. It is especially important for head and neck cancer treatment because 

patients can lose weight during the treatment course. This change might cause a decrease in 

distance between parotid gland. So, parotid glands can obtain a higher dose than the actual 

planned one. As a result, the quality of life will decrease for head and neck cancer patients 

due to radiation toxicity. This is the unwanted situation. To prevent this condition, the 

radiation oncologist began to use helical Tomo Therapy to spare OARs as much as 

possible. 
60- 61 
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2.4.2 Kilo voltage Computed Tomography (kVCT) versus Mega Voltage Computed 

Tomography (MVCT)  

As mentioned above, Tomo Therapy has high image quality by using mega voltage 

computed tomography (MVCT). MVCT imaging is a combination of fan beam and helical 

acquisition paradigm. The use of MVCT is crucial to obtain volumetric images while 

delivering the treatment to the patient. In this system 3.5 MV X-rays are produced by linear 

accelerator and photon output is reduced. Photon- efficiency is necessary to obtain 

volumetric MVCT images. 
62-63 

The number of photons affects the resolution of image. If 

the number of photons is high, noise will be reduced. As a result, high contrast will be 

obtained. Therefore to increase image quality, the number of photons should be increased.
44 

For diagnostic purposes, good image quality has to be obtained to verify the delivered dose. 

It is also necessary to correct patient` s position. 
59

 As a result, MVCT makes motion 

visualization available to estimate PTV as a target. Also, it can be easily observed whether 

or not normal structures encircle the treated volume.
64 

Even though mega voltage imaging 

provides a good image quality for bony anatomy such as head and neck region, it is not 

good enough to obtain a high resolution for soft tissues. 
44 

So, deformation cannot be 

determined on MVCT imaging due to Compton effect. kVCT is more useful than MVCT in 

preventing deformation errors and to calculate the dose.  Figure 2.3 shows the difference 

between kVCT- kVCT pair and kVCT- MVCT pair.  Since MVCT has a higher X-ray 

energy, it causes to deliver a more irradiated dose to the patient. 
58 

 

 

Figure 2.3  kVCT-kVCT and kVCT- MVCT pair respectively 
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On the other hand, if the patient has significant changes in anatomy during the treatment 

course, onboard 3D-MVCT has the opportunity to provide adaptive radiation therapy. 
65  

However, kVCT images were employed for this study because kVCT is crucial for Tomo 

Therapy planning and it provides accurate results for dose calculation.  

2.4.3  Tomo Therapy Planning 

Head and neck cancer is located adjacent to critical structures such as spinal cord, 

brainstem and parotid glands. In addition, tumor location can be changed. Anatomy of head 

and neck cancer patients can change during the treatment.  There are several reasons for 

this change; patient can lose weight, tumor volume and nodal volume can shrink, the total 

body mass alteration can occur and the decrease of body fluid can be observed. It can cause 

the parotid glands to shift towards the primary target. As a result, parotid gland can receive 

a higher dose than the actual planned one. This unexpected condition prevents the function 

of parotid glands. After the treatment course, head and neck cancer patients can have 

problems with salivary production. Furthermore, patient`s quality of life can be worse. 
66 

Because of these reasons, the radiation oncologists have to consider these kinds of 

problems before delivering radiation. To prevent radiation toxicity, organ deformation has 

to be detected by using weekly or daily imaging. If organ motion occurs, treatment 

planning has to be updated according to new target location. It is also important to deliver 

the exact dose to the planning target volume. 
59- 67 

Even though MVCT is good enough to   

show anatomical details  for bony region, kVCT should be used for dose calculation. On 

the other hand, the update of treatment plan is not conceivable enough to deliver the actual 

dose to the critical structures.
45-68 

  However, Tomo Therapy is a beneficial tool to spare 

organs at risk as much as possible while delivering the actual dose to the target. Delivering 

the dose in concave shape and organ sparing are shown in Figure 2.4. This technology also 

provides dose homogeneity in target and helical Tomo Therapy accomplishes sharp dose 

gradient. It is possible to treat multiple targets at the same time. 
70- 71 
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Figure 2.4  Delivering dose in concave shape and organ sparing. PTV1, parotid glands and 

the cord are shown 

The first step of Tomo Therapy planning is target delineation. Before the image guidance 

technology, all targets had the expansion around the CTV to prevent irradiation for normal 

tissues due to organ motion. After image guidance radiation therapy began to use to 

determine deformation and organ motion, reducing the margin became possible.  

Therefore, using helical Tomo Therapy while delivering the treatment can provide target 

volume contraction accuracy. 
72 

 

For this study, all PTV, CTV and critical structures were contoured as usual. PTV1 was 

determined as a target. It includes gross tumor volume and CTV1. To prevent setup errors, 

PTV1 has maximum 5mm margin around CTV surface. Usually all planning target 

volumes have expansions. Since daily kVCT images were obtained during the treatment 

course, clinical target volume was used as a main target. The targets and the critical 

structures were contoured slice by slice on kVCT images.  The purpose of  using CTV as a 

target  reduces toxicity for critical structures especially for parotid glands. Irradiation of 

parotid glands causes xerostemia for head and neck cancer patients.
73

 Therefore, this 

research aims to protect OARs by planning the treatment by using CTV instead of PTV. 

While doing the target delineation, radiation oncologists have to be careful to prevent 

overlaps. However, it is usually impossible depending on tumor location. If tumor abuts the 
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critical structures, especially parotid glands, these organs can overlap on to clinical target 

volume. At that time, parotid glands receive a higher dose than the actual planned one. 

Even though this overlapping occurs, one of the parotid glands can be spared. It is 

sufficient to produce saliva to increase quality of life for patients.
74 

Helical Tomo Therapy planning is similar to IMRT treatment planning. Inverse planning is 

also used for helical Tomo Therapy but a rotational gantry system and binary multi-leaf 

collimator are promoted instead of a fixed number of beam angles. Therefore the planned 

dose is delivered to the target in helical mode while the couch moves longitudinally. The 

irradiation of normal tissues is prevented with this way. 
70

 Since Tomo Therapy uses multi- 

leaf collimator, complete blocking is possible with Tomo Therapy software system. It is 

important to protect critical structures because other fan beams cannot send the radiation to 

the blocked area. It provides a better organ sparing while delivering the radiation in 

concave shape to the target. On the other hand, blocking provides in-homogenous dose 

coverage for target. In addition, it causes to deliver a higher dose to the unblocked region. 

75
 Two steps- pre-calculation and the optimization stages are separated in helical Tomo 

Therapy planning. A convolution - superposition algorithm provides dose calculation to 

plan treatment for Tomo Therapy. Some parameters such as field width, pitch and 

modulation factor are important for Tomo Therapy planning.  The field width can be 1cm, 

2.5 cm, 5 cm and it is the thickness of the fan beam. To accomplish a high dose fraction, 

field width has to be bigger than 1 cm. The pitch is the ratio between couch and field 

width.
32  

There are three options for pitch;
 

 Pitch 1: Fine 

 Pitch 2: Normal 

 Pitch 3: Course 

These pitch values play a role to change couch velocity. The modulation factor determines 

the speed of gantry rotation. Plan parameters for the selective cases are shown in Table 2.1. 

For this research, 2.5 cm was chosen as a field width to provide a high dose fraction. 

Decreasing the field width and pitch and increasing the modulation factor provide larger 
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irradiation periods. It means dose distribution can be achieved for tumor, which has a 

complex shape, with steep dose gradient. 
76 

Table 2.1 Plan parameters for the selected case (Patient-4). 

2.Gy Fraction 

Number 

of 

Fractions 

Duration 

(sec) 

Gantry 

Rotations 

Gantry 

Period 

Expected 

MU 

Couch 

Travel 

(cm) 

Couch 

Speed 

(cm/sec) 

Planned Field 

Widths 

 

35 373.4 28.7 13.0 5.267 20.7 0.05541 9.2 

 

2.4.3.1 Optimization 

Optimization process begins with positioning the beam angles and beam lets. The beam lets 

determine the success of the optimization process. To have higher dose conformity, the 

number of beam lets that can be appropriate for treatment should be excessive. 
17

After 

changing the field width, pitch and modulation factor, optimization is taken into 

consideration to have better organ sparing. Optimization process is beneficial to attenuate 

the delivered dose to the critical structures. Also, delivering the actual dose to the target is 

the most important part of optimization process. Optimization process is executed based on 

the number of iteration. The process can be controlled by stopping and restarting it. Dose 

volume histograms can be evaluated with optimization process. While running the process, 

importance, maximum and minimum dose penalties can have different values. The 

importance reveals comparative quantity of planning target volume and critical structures. 

Maximum and minimum penalties show the restriction for critical structures. In this 

research, it is aimed to increase the homogeneity of delivered dose in target. Therefore, 

PTV coverage is the most crucial part of optimization process.
 8

 In addition, the planner 

considers to constraint organs at risk such as spinal cord, brainstem, and parotid glands. 

The pulse of radiation coming from the beam is changed by inverse planning system. Also, 

dose volume histogram is updated throughout optimization process. Dose volume 

histogram provides useful information about how much dose the relative volume receives. 

Figure 2.5 shows dose volume histogram received after optimization process. 
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Figure 2. 5  Dose Volume Histogram- Standard Cumulative Mode Relative. 95% of the 

PTV1 (70 Gy) volume receives at least 70 Gy for the current plan.  

If organ sparing and dose homogeneity are satisfying, the planner can stop the optimization 

process. Before giving the final dose, the system generates a dose calculation. After 

finishing it, final dose is calculated by the system. As a result Tomo Therapy plan is ready 

to deliver treatment. 
18
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CHAPTER 3 

MATERIALS AND METHODS 

3.1  Patient Population and Treatment Planning 

Ten H&N cases treated with simultaneous integrated boost on a TomoTherapy unit were 

retrospectively analyzed (Accuracy Inc., CA). 70% of the patients were diagnosed with 

malignant neoplasm of tonsil, 10% had nasopharynx cancer and 20% of the patients were 

diagnosed based of tongue. Patients` characteristics are shown in Table 3.1. The patients` 

weight was recorded during six to eight weeks. These patients treated with intensity 

modulated radiation therapy on helical Tomo Therapy unit.  During the treatment, a thermal 

plastic mask was used to provide immobilization. Each patient had one planning CT and 

daily kVCT images during the 6 to 8 weeks radiation treatment course. Treatment plan was 

done based on planning CT. Standard protocols were followed for target delineation and 

contouring the OARs.  All targets including PTV1 (gross disease volume), PTV2 (next 

echelon nodal regions), PTV3 (areas harboring subclinical disease) were delineated on the 

planning CT regarding other anatomical boundaries of structures. The standard margin plan 

was generated by giving 3- mm margin to CTV1, CTV2 and CTV3. It was the reference 

plan. Patients were treated based on this plan. These patients' treatment was re-planned by 

using 0-mm margin for CTV2 and CTV3. However, standard margin was protected for 

PTV1.   At the same time, daily kVCT images were obtained to correct set-up errors. For 

helical Tomo Therapy planning system, the field width was determined as 2,5 cm and the 

pitch value as 0,277. Lastly, the planning modulation factor was chosen as 2,200. The 

prescription dose was 70 Gy. The treatment was delivered in 35 fractions.  Moreover, 62.7 

and 56.1 Gy were prescribed for PTV2 and PTV3 respectively.  
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Table 3.1 The characteristics of patients 

 

Patient 

 

 

Diagnosis 

 

 

Prescription 

Dose  

(Gy) 

 

 

Tx 

Duration 

(Days) 

 

Initial 

Weight 

(kg) 

 

Final 

Weight 

(kg) 

 

Weight 

Change 

(kg) 

2 

4 

14 

21 

23 

25 

28 

29 

33 

3 

Tonsil 

BOT 

Nasopharynx 

Tonsil 

Tonsil 

Tonsil 

Tonsil 

Tonsil 

Tonsil 

BOT 

70 

70 

69.96 

70 

70 

70 

70 

70 

66 

70.2 

53 

51 

47 

56 

39 

50 

43 

45 

43 

50 

72.1 

63.5 

81.6 

95.7 

83.9 

88 

93.4 

107.5 

86.4 

99.8 

63.3 

62.6 

76.2 

84.8 

76.9 

85.9 

83.8 

96 

82 

89.1 

-8.8 

-0.9 

-5.4 

-10.9 

-7 

-2.1 

-9.6 

-11.5 

-4.4 

-10.7 

       

3.2  Optimization Process Based on Zero-Margin 

These patients were treated on the basis of the first plan (standard margin plan). Since 

image guidance allows reducing the margin for the optimization process, the treatment was 

re- planned with CTV as a target instead of PTV. However, 3 mm margin of PTV1 was 

saved to provide tumor coverage. As a result, the new plan was generated based on 0-mm 

margin to give the same dose as the original plan to the target while minimizing the 

delivered dose for critical structures.  

In the second step, the pitch value and the field width were chosen as the same value with 

the actual plan. It was assured that the red lasers were located correctly based on BBs.  

After making sure of these steps, the optimization process was started. For each structure, 

approximately 100- 120 iterations were accepted. And then, maximum dose, minimum dose 

and mean dose were compared with the actual planned dose for target and critical 

structures. If the value of composite dose of this structure was smaller than the actual 

delivered dose, calculating the final dose ended the optimization process. On the other 

hand, if the values of maximum dose, minimum dose and average dose were higher than 

the actual planned dose, the optimization was repeated by changing some parameters such 
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as importance, maximum dose penalties and minimum dose penalties. For some important 

structures, higher importance was given to obtain a good optimization. After changing the 

parameters, the process was run again and then the planned dose was compared with the 

standard margin plan. The final dose calculation was acquired to complete the optimization 

based on the clinical target volume (CTV). Eventually, the new dose- volume histogram 

was obtained. The planned dose regarding standard margin plan and 0-mm margin plan are 

shown in Table 3.2 and Table 3.3. PTV1, CTV2-3, cord and parotid glands were taken into 

consideration for data analysis. 

Table 3.2  Plan parameters based on standard margin plan 

Standard Margin Plan  

 

Patient 

PTV1 CTV2 CTV3 Cord Left  

Parotid 

 

Right 

Parotid 

Max 

(Gy) 

Ave. 

(Gy) 

Max. 

(Gy) 

Ave. 

(Gy) 

Max. 

(Gy) 

Ave. 

(Gy) 

Max. 

(Gy) 

Ave. 

(Gy) 

Ave. 

(Gy) 

2 

4 

14 

21 

23 

25 

28 

29 

33 

34 

Mean 

76.69 

74.39 

74.45 

74.22 

74.11 

77.93 

73.99 

76.47 

69.33 

74.16 

74.43 

71.83 

71.01 

71.37 

72.07 

70.99 

71.13 

71.43 

71.56 

67.31 

71.14 

70.98 

74.43 

73.36 

73.55 

73.7 

72.92 

75.03 

73.99 

76.47 

68.93 

73.01 

73.54 

72.25 

71.82 

66.05 

70.39 

71.07 

68.02 

71.7 

69.05 

66.61 

67.02 

69.39 

74.0 

72.4 

72.9 

62.36 

72.68 

70.90 

73.48 

73.3 

68.93 

72.12 

71.28 

72.29 

67.67 

66.99 

57.71 

69.22 

64.23 

67.7 

59.13 

58.91 

61.99 

64.58 

41.51 

41.83 

33.22 

44.91 

39.65 

39.63 

43.39 

44.32 

42.71 

40.18 

35.03 

22.4 

24.02 

56.42 

62.98 

60.93 

24.85 

40.98 

27.48 

7.56 

22.76 

41.13 

38.88 

61.41 

49.19 

23.37 

24.55 

24.56 

14.02 

22.92 

38.83 

20.81 

31.85 

 

 

 



 28 

Table 3.3 Plan parameters based on 0-mm margin plan. 

0-mm Margin Plan 

 

Patient 

PTV1 CTV2 CTV3 Cord Left  

Parotid 

 

Right 

Parotid 

Max 

(Gy) 

 

Ave. 

(Gy) 

Max. 

(Gy) 

Ave. 

(Gy) 

Max. 

(Gy) 

Ave. 

(Gy) 

Max. 

(Gy) 

Ave. 

(Gy) 

Ave. 

(Gy) 

2 

4 

14 

21 

23 

25 

28 

29 

33 

34 

Mean 

74.65 

74.61 

73.57 

75.45 

78.26 

76.38 

76.21 

77.0 

71.6 

73.87 

75.3 

71.68 

71.35 

69.85 

72.48 

71.27 

70.9 

71.35 

71.86 

67.84 

71.43 

70.95 

72.46 

72.8 

72.81 

75.06 

72.03 

77.55 

73.96 

76.76 

70.31 

73.48 

73.81 

70.11 

69.79 

67.06 

70.38 

68.98 

67.79 

71.24 

69.11 

66.77 

66.93 

69.01 

71.78 

73.06 

71.27 

61.59 

73.25 

69.83 

72.35 

73.96 

69.95 

72.56 

70.78 

68.75 

67.15 

65.16 

57.81 

69.2 

63.91 

66.81 

59.1 

59.15 

62.04 

64.09 

38.11 

29.06 

27.77 

34.7 

29.35 

36.73 

38.68 

41.24 

43.89 

39.53 

35.5 

19.55 

13.09 

51.34 

58.71 

57.01 

21.03 

40.83 

26.52 

6.87 

21.24 

31.61 

29.35 

59.03 

48.92 

19.37 

14.14 

19.90 

12.72 

21.16 

37.68 

12.85 

27.52 

 

 

3.3  Deformable Image Registration 

Pretreatment kilo voltage CT for target delineation and daily kilo voltage CT to correct set-

up error were obtained before the treatment. Resizing and resampling of CT images were 

done for the registration process. In order to obtain kV-to-kV registration, alignment was 

done manually. The main concern of the registration process was to provide a close 

overlaid for two scans as mush as possible. As a result, daily kVCT was resampled. GPU 

algorithm helped to contribute a suitable match to the planning CT resolution. Among the 

advantages of GPU algorithm are the use of texture memory and the combination of the 

three dimensional linear interpolation. Anatomical changes were tracked by using 

deformable image registration. Deformable image registration algorithm was developed by  
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Anand Santhanam and Yugang Min 
78

. An optical flow was employed for this algorithm. 

Deformation vectors were obtained based on each Cartesian direction. The smoothing 

factor, the number of levels, the number of warps and the maximum number of iterations 

are known as registration parameters. 5 levels, 2 warps, and 150 iterations were applied for 

this study. Jacobian analysis was performed for deformed anatomy. In order to determine 

non rigid- change in the patient- setup, deformation based on each contoured structure was 

evaluated. U, V and W matrices were used for Jacobian determinant for each voxel. The 

determinant is defined by  

 

For this study, 6 to 8 kVCTs were selected for each patient. These kVCTs were 

superimposed on to the planning CT images. Targets and OARs volume were re-outlined 

on each kVCT images automatically. The doses were then recalculated from each kVCT to 

determine actual delivered dose to the targets and the critical structures. The cumulative 

dose was calculated by summing, week by week, to give total calculated dose.  To make a 

comparison between the accumulated dose and the planned dose, Gamma analysis was 

performed. Based on our model, all patients were treated identically and the change in the 

anatomy was not considered for dose distribution. For Gamma analysis, 1% and 1 mm was 

chosen as the default criteria. The equation for gamma calculation is defined by 

 

3.4  Data Analysis 

In order to determine whether or not there is a difference between the standard margin plan 

(3.1) 

(3.2) 
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and the 0- mm margin plan, effective size test was done for the first data analysis. Effective 

size test is defined by the difference in two mean doses and dividing this by average 

standard deviation.  

 

All targets, parotid glands, and cord were regarded to analyze whether there is a correlation 

or not for planned dose between both plans. There are three different levels based on this 

test result; significant difference, middle difference, and low difference. And then basic 

comparison was made based on the graphics to observe how much difference have been 

obtained between maximum dose, minimum dose and average dose regarding the standard 

margin plan and the 0- mm margin plan. Instead of all structures, some critical structures 

such as parotid glands and cord have been taken into consideration for this step.  

The delivered dose was evaluated regarding center of mass (COM) displacement by using 

the GPU based 3D image framework, which allows the real time dose accumulation and 

evaluation. The correlation between COM and the delivered dose was evaluated based on 

the results. In order to determine whether the delivered dose is affected by COM 

displacement or not, a basic comparison was made between the ratio of the composite dose 

and the planned dose, and the change in COM displacement based on initial location and 

final location. In addition, the volume contraction for targets and parotid glands were 

studied for each patient to determine the change over time. This change was compared with 

the original volume at the time of planning. A basic comparison was done for the dose 

changes over time.   

Effective Size = 

=  

Average of the post mean dose – Average of the pre mean dose 

Average Standard deviation 

 

   (3.3) 
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CHAPTER 4 

RESULTS 

4.1.1  Effective size test results 

The planned dose and weekly delivered dose were studied based on two different plans 

(standard plan and 0-mm margin plan) by using GPU- based image framework. This 

technique allows us to evaluate real time dose accumulation. Spinal cord, parotid glands, 

PTV1, CTV2 and CTV3 were considered. According to the literature, a threshold for 

parotid glands determines that the xerostemia will become permanent. If the delivered dose 

to parotid glands is approximately 25- 30 Gy for the mean dose or 30 Gy for the dose 

received by  50 % of the parotid volume, xerostemia will become permanent. Summary of 

dosimetric parameters of the standard margin plan and the 0-mm margin plan is shown in 

Table 3.2 and Table 3.3. The average planned dose from ten patients based on the standard 

margin plan is 35.03 and 31.85 for left and right parotid glands respectively. However, the 

average planned dose from ten patients based on the 0-mm margin plan is 31.61 and 27.52 

for left and right parotid glands. In order to detect whether there is statistical difference 

between the standard margin plan and the 0-mm margin plan or not, effective size test was 

employed for this research. If the test results are higher than 0.6, the difference between 

two plans is significant. If the range is between 0.6 and 0.27, medium difference is 

obtained. If the range is smaller than 0.27, the difference between two plans is not 

significant. Based on the effective size test result, 1.04 for maximum dose of spinal cord 

was obtained. The difference between the standard margin plan and the 0-mm margin plan 

was crucial for the cord. Reducing margins will improve the sparing of the cord by ≈ 23%. 

Maximum difference was taken into consideration.  

The average dose was considered for parotid glands. The test result was 0.32 and 0.11 for 

right parotid gland and left parotid gland respectively.  As a result, medium difference was 

obtained for the right parotid gland. 
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On the other hand, there was no crucial difference in the planned dose of left parotid gland. 

Reducing margin will improve sparing by ≈ 16.5 % and 9 % for right parotid gland and left 

parotid gland respectively.  As a result, the difference in the planned dose regarding the 

standard margin plan   and 0- mm margin plan was 15.5 % for the cord, 14.7 % for right   

parotid   gland, 2.76 % for left parotid gland. Since the location and the size of tumor affect 

the planned dose and the delivered dose, fewer doses were tried to be planned to protect the 

critical structures.  The planned dose for critical structures regarding standard margin plan 

versus 0- mm margin plan is shown in Figure 4.1.     

 

(a) 

Figure 4.1 The planned dose for critical structures regarding standard margin plan versus  

0-mm margin plan  (a) Cord planned dose   (b) Left parotid planned dose   (c) Right parotid 
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(b) 

 

(c) 

Figure 4.1  (continue)  The planned dose for critical structures regarding standard margin 

plan versus 0- mm margin plan  (a) Cord planned dose      (b) Left parotid planned dose   

(c) Right parotid planned dose 
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After delivering the treatment, the delivered dose was compared based on the standard 

margin plan and the 0-mm margin plan. The difference in the delivered dose regarding 

standard margin plan and 0- mm margin plan was ≈ 10 % for the cord, ≈ 8 % for the left 

parotid gland, ≈ 19 % for the right parotid gland. The cord received a higher dose than the 

planned dose with a range of 1 Gy- 15 Gy in 5 patients, when standard margin was 

employed.  However, the cord of 2 patients received a higher dose than the planned dose 

with an average of 10.5 Gy by the usage of 0-mm margin plan. The delivered dose for 

critical structures regarding standard margin plan versus 0- mm margin plan is shown in 

Figure 4.2. Last patient`s cord received higher dose than the actual planned dose. This 

patient lost approximately 10 kilos during the treatment. Because of the anatomical change, 

this patient`s treatment was re-planned after 3
rd

 week. But statistical analysis was done 

based on first plan. The second plan was not considered.  

 

(a) 

Figure 4.2 The delivered dose for critical structures regarding standard margin plan versus 

0- mm margin plan  (a) Cord delivered dose   (b) Left parotid delivered dose                     

(c) Right parotid delivered dose 
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(b) 

 

(c) 

Figure 4.2 (continue)  The delivered dose for critical structures regarding standard margin 

plan versus 0- mm margin plan   (a) Cord delivered dose    (b) Left parotid delivered dose  

(c) Right parotid delivered dose 
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One of the purposes of this research is to deliver the same dose to the targets as the planned 

dose. Although safety margin was reduced to make the high dose region smaller while 

sparing OARs, it did not affect the deliver dose to the PTV1 and CTVs. The difference in 

the delivered dose for ROI from 10 patients is shown in Figure 4.3. All results are doses 

from standard margin plan and 0- mm margin plan, normalized to planned dose of standard 

margin plan in order to determine whether there is a difference regarding standard margin 

plan and 0- mm margin plan or not.   

  

 

Figure 4.3   The difference in delivered dose for ROI from 10 patients. All results are doses 

from standard margin plan and 0- mm margin plan, normalized to planned dose of standard 

margin 
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shape and many factors can affect tumor location and size, it is unknown why tumor 

volume change is not crucial in 2 cases even though these patients lost weight. However, 

the volume of tumor of patient- 10 decreased significantly during the treatment course 

because this patient lost 10 kilos during the treatment. The mean volume reduction in PTV1 

was 3.3 % with the range of 6.3- 1%.  Even though weight loss caused volume shrinkage 

for some patients, it is a general situation for all cases.  

Weight loss affected the volume of parotid glands as well. The volume of right parotid 

gland was decreased significantly for patients who lost more weight during the treatment 

course. The mean volume reduction in right parotid gland was 11.7 % with the range of 

29.3- 1.3 %. For three patients, weight lost affected the right parotid gland volume. On the 

other hand, patient-10 lost approximately 11 kilos; the decrease of the volume of right 

parotid gland was not significant.  

The treated volume of left parotid gland fluctuated every week as well. Rises and falls 

were observed. As a result, volume change was not symmetric for each week. The same 

result was acquired for the volume of left parotid gland that decreased compared to the 

initial treated volume and the final treated volume. The mean volume reduction in left 

parotid gland was 13.5 % with the range of 25.9- 5.7 %. There was not a correlation 

between weight loss and the decline of parotid gland volume for  patient-2. Even though 

this patient lost approximately 1 kilo during the treatment course, the change in volume was 

significant. The changes in the volume of CTV2 and CTV3 were evaluated. The mean 

volume reduction in CTV2 was ≈ 7 % with the range of 18 – 0.8 %. The mean reduction in 

CTV3 volume was 8.6 % with the range of 18 – 5.2 %. The volume change of ROI during 

the treatment course is shown in Figure 4.4. Average volume change from 10 patients was 

considered.  
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Figure 4.4  Volumetric Changes of ROI from 10 patients during the treatment course. The 

volumes were normalized to the planning volume. Average volume change was considered. 

Error bars are standard error. 

 

It was proved that the distance between the right parotid and the left parotid glands was 

decreased due to anatomical changes. In addition, the decrease in the volume of parotid 

glands affected the distance between right and left parotid glands. As a result, the location 

of parotid glands changed. The decline of the distance between parotid glands is shown in 

Figure 4.5. The distance was calculated according to 3 dimensional Cartesian coordinate 

system. The mean reduction in the distance between parotid glands was 2.2 % while the 

range of maximum decrease in the distance between parotid glands was 3- 0.5 %. 

Moreover, the decrease of the distance between the cord and PTV as well as parotid glands 

and PTV was calculated according to 3- dimensional and 2 - dimensional Coordinate 

system. The shift of COM displacement was asymmetric. The maximum shift was 8% and 

the minimum shift was 3%. Even though the decrease of the distance was milimetric, it 

caused a change in the delivered dose to the parotid glands because parotid glands entered 

the high dose region. 
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Figure 4. 5  The change in the distance between parotid glands from all patients. The 

distance was calculated by using 3 dimensional Cartesian coordinate system 

4.1.3  Dose comparison between standard margin plan and 0-mm margin plan 

Based on Jacobian and Gamma analysis, COM displacement versus delivered dose, 

accumulated dose versus planned dose and volume change versus delivered dose were 

evaluated for ROI including targets, cord and parotid glands.  

First of all, the accumulated dose was compared with the planned dose for all structures in 

order to quantify how closely the plan was followed.  Weekly kVCT images were used for 

dose calculation. The delivered dose was corrected depending on the number of fractions 

for each week. One of the purposes of this research is to deliver the same dose as the actual 

planned dose to the target. Since V95, that is the volume (%) of receiving the 95% of the 

prescription dose, is clinically acceptable for tumor coverage, 95% of the treated volume 

was considered for this research. The difference in delivered  dose between standard and 0-

mm margin plan  for PTV1 is shown in Figure 4.6.  The difference between the planned 

dose and the delivered dose was ≈ 2 %.  D95 based on standard margin plan was ≈ 4.5% 

higher for three cases; however, the planned dose was delivered to the PTV1 as expected. 

Dose discrepancies due to geographic miss were not observed.  
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Figure 4.6 The difference in delivered  dose between standard and 0-mm margin plan  for 

PTV1 

Another purpose of this research is to provide CTV coverage with 0-mm margin plan. 

PTV1 66.5 Gy was considered for 95% of the treated volume in order to determine the 

delivered dose based on the standard margin plan and the 0-mm margin plan. The 

difference in mean dose between standard and 0- mm margin plans for CTV2 is shown in 

Figure 4.7. D95 was ≈ 3 % higher for 2 cases out of 10 others. This may be caused by the 

anatomical changes of the CTV. On the other hand, the difference between standard margin 

and 0- mm margin plans was ≈ 1 %. CTV2 received the same dose as the original plan. A 

similar result was obtained for CTV3. Dose discrepancies were not observed.  The same 

dose was delivered with 0- mm margin plan. The difference in mean dose between standard 

margin and 0-mm margin plans for CTV3 is shown in Figure 4.8. 
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Figure 4.7 The difference in mean dose between standard and 0- mm margin plans for 

CTV2 

 

 

Figure 4.8 The difference in mean dose between standard margin and 0-mm margin plans 

for CTV3 
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D95 based on margin plan was ≈ 5 % higher for patient-1 and ≈ 4.5 % higher for patient-3. 

However, D95 for CTV3 was nearly 100%. In addition, the difference in mean dose 

between standard margin and 0- mm margin plans was ≈ 1.5 %. Even though safety margin 

was reduced, 0- mm margin did not affect the delivered dose to the targets. In addition to 

the delivered dose, 95 % of the treated volume was taken into consideration in order to 

determine how much tumor coverage was provided.  The dosimetric effect of different 

margins for targets is shown in Figure 4.9. All results are parameters from both plans, 

normalized to the planned parameters. There was no significant difference between the 

standard and 0- mm margin plans regarding V95. However, one patient`s PTV1 received ≈ 

12 % less dose than the planned dose due to anatomical changes. Giving additional margin 

or re-planning the treatment regarding anatomical changes was necessary for this patient.  

On the other hand, tumor coverage was provided for 9 cases.  

 

 

Figure 4.9  The dosimetric effect of different margins for targets 

In addition to the delivered dose, 95 % of the treated volume was taken into consideration 

in order to determine how much tumor coverage was provided. Since tumor coverage was 

important with the usage of 0- mm margin for level 2 and level-3 planning target volume, 

0,92

0,94

0,96

0,98

1

1,02

P
T

V
1

D
m

ea
n

P
T

V
1
 D

9
5

P
T

V
1
 V

9
5

C
T

V
2

D
m

ea
n

C
T

V
2

 D
9
5

C
T

V
2

 V
9
0

C
T

V
3

D
m

ea
n

C
T

V
3

 D
9
5

C
T

V
3

 V
9
0

D
o
se

 

Dosimetric Effect of Margins 

standard margin

0-mm margin



 43 

V90 was studied for CTV2 and CTV3 as well. The difference in V90 based on 0-mm 

margin plan was ≈ 2 % higher than standard margin plan  for CTV2 and ≈ 5 % less than 

standard margin plan for CTV3. V90 received the planned dose as expected. As a result, 

tumor coverage was provided for targets Therefore, reducing margin did not affect 

delivered dose to the targets. Tumor coverage and weekly delivered dose for the selective 

cases are shown in Figure 4.10.  

 

Figure 4.10  Tumor coverage and weekly delivered dose during 6 weeks of the treatment 

course for selected case. (Patient-3) 

One major problem regarding the parotid gland is the volume contraction. Since head and 

neck cancer patients undergo many anatomical changes during the treatment course, these 

changes cause the volume contraction of parotid glands as well as targets. In addition, the 

change in body fluid mass affects the volume of this structure. Even though the volume 

contraction is small for these structures, it affects their the delivered dose. There is an 

inverse relationship between the delivered dose and volume contraction. Parotid gland 

volume decreased during the treatment course, however, the dose that was received by 

parotid gland increased for some cases. As a result, it can affect patient`s quality of life 

because xerostemia is related to radiation toxicity because radiation toxicity affects the 

function of parotid glands. The volume change versus delivered dose to right parotid gland 

and left parotid gland are shown in Figure 4.11.  
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(a) 

(b) 

Figure 4.11  (a) The volume change versus delivered dose for left parotid gland                 

(b) The volume change versus delivered dose for right parotid gland. Error bars are 

standard 
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In our cases, left parotid gland shrank during the treatment course.  The delivered dose was 

not affected by the volume change of left parotid gland. There was not a significant 

correlation between volume changes versus delivered dose for left parotid     (R
2
= 0.00622, 

R= 0.0788). However, delivered dose was higher in 5 patients. On the other hand, the 

delivered dose to left parotid gland was less than the planned dose in 2 patients. There was 

a decrease in the delivered dose to the right parotid gland. The correlation between the 

changes in the volume of right parotid gland versus delivered dose was not crucial while it 

was higher than the correlation that was done for left parotid gland (R
2
= 0.15098, R= 

0.388). Even though there was decrease in the delivered dose, the right parotid gland 

received a higher dose in 5 patients. Like the left parotid gland, the delivered dose to right 

parotid was less than the planned dose in 2 patients. The dose distribution based on 

standard and 0- mm margin plans is shown in Figure 4.12 for the selected case.  

 

 

Figure 4.12  The dose distribution based on the standard margin plan and 0-mm margin 

plans for selected case respectively (Patient-4). (Red= Prescription dose- 70 Gy. Blue= 63 

Gy Green= 57 Gy) 
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Even though 0- mm margin plays a significant role to make high dose region smaller, it is 

not sufficient to deliver less dose to the OARs.  As a matter of fact, the volume of both 

parotid glands decreased during the treatment course; it is not the only factor that affects 

the delivered dose to the parotid gland.  Tumor location is also essential for the given dose 

to the critical structure. Another reason why the parotid glands received a higher dose is the 

change in volume of tumor and the change in the COM of PTV. Since tumor was located so 

close to the parotid glands in the head and neck region, these changes affected the dose that 

was received by parotid glands. 

As mentioned above, tumor shrinkage during the treatment course can be observed. In our 

patients, the volume of PTV1 shrank with the range of 2 mL- 13 mL in all patients. 

Therefore, there was a decrease regarding delivered dose versus the change in volume of 

PTV1 (R
2
= 0.319). The volume change for CTV2 and CTV3 was studied. The volume of 

CTV2 shrank with the range of 1 mL- 14 mL. Even though CTV2 volume changed during 

the treatment course, the delivered dose to CTV2 was not affected by the volume change.  

There was no crucial correlation regarding delivered dose versus volume change           

(R
2
= 0.0811).  However, the delivered dose to CTV2 was higher than planned dose in 7 

patients. In addition, CTV2 received 14 % less dose in one patient.  

The similar results were obtained for CTV3. The volume of CTV3 shrank with the range of 

3mL- 13mL. Although there was a small increase in delivered dose versus volume change, 

the correlation was not significant. The delivered dose was higher than the planned dose in 

6 patients. On the other hand, CTV3 received 9 % less dose than the planned dose in one 

patient. The change in volume versus delivered dose  for targets is shown in Figure  4.13. 

It was proved that the volume of parotid glands shrank during the treatment course. 

However, center of mass displacement was asymmetric. Based on the initial and final 

location of parotid glands, the delivered dose increased. There was no correlation between 

volume change and COM displacement. Since each patient had different anatomical 

changes, generalization of COM displacement was impossible. It is known that the distance 

between parotid glands decreased, even though the COM displacement was not symmetric.  
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(a) 

(b) 

Figure 4.13 (a) The change in volume versus delivered dose  for PTV1 (b) The change in 

volume versus delivered dose  for CTV2 (c) The change in volume versus delivered dose  

for CTV3 
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(c) 

Figure 4.13 (continue) (a) The change in volume versus delivered dose  for PTV1 (b) The 

change in volume versus delivered dose  for CTV2 (c) The change in volume versus 

delivered dose  for CTV3. All doses are from 0- mm margin plan, normalized to planned 

dose. Standard error bars were used.   

As a result, there was an increase in the delivered dose to the critical structure including the 

cord (R
2 

= 0.31651).  COM displacement affected the delivered dose to the cord. The cord 

received an average of 12 % higher dose than the planned dose in 4 patients. The cord of 
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change in COM displacement versus delivered dose for the cord is shown in Figure 4.14. In 

addition, the change in distance between parotid glands caused them to enter the high dose 

region. Thereafter, left parotid gland received a higher dose than the  original plan.  

The correlation regarding delivered dose versus COM displacement of left parotid gland 

was less than the correlation made for the cord and. (R
2
= 0.2188). Based on the change in 

COM displacement, the left parotid gland received a higher dose than the planned dose 
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Figure 4.14 The change in COM displacement versus delivered dose for the cord 

On the other hand, the delivered dose was ≈ 10 % less than the planned dose in 2 patients. 

There is a decrease regarding delivered dose versus COM displacement for right parotid 

gland (R
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= 0.19332). On the other hand, the delivered dose to the right parotid gland was ≈ 
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displacement versus delivered dose for parotid glands is shown in Figure 4.15.  
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the standard margin plan was higher than 0- mm margin plan.  
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(a) 

(b) 

Figure 4.15   (a) The change in COM displacement versus delivered dose for left parotid. 

(b) The change in COM displacement versus delivered dose for right parotid.  
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Reducing margin was essential to protect critical structures for some cases.  As a result, 

IGRT allows to track anatomical changes. In this study results, volume contraction and 

COM displacement were evaluated. There were crucial changes in the patient`s anatomy; 

however, tumor coverage was provided with 0-mm margin. Reducing margin was 

important for the protection of critical structures, however, they can receive higher dose 

than actual planned dose under certain circumstances. Giving additional margin to critical 

structures was not necessary. Tumor coverage was provided for PTV1 and CTV2-3 with 

the usage of 0- mm margin. Re-planning the treatment due to the change in each patient’s 

anatomy was necessary for the protection of OARs in some cases. In this study, 3 patients 

needed adaptive radiation therapy regarding the change in the volume and COM 

displacement to provide better protection against radiation toxicity.  

DISCUSSION 

In this study, the standard margin plan was compared to the 0-mm margin plan. It was 

determined whether IGRT was sufficient or not to protect critical structure by reducing 

margin. In addition, the change in volume of PTV1 and parotid glands were observed 

during the treatment course. The accuracy of the volume shrinkage for targets and parotid 

gland was evaluated.  The distance between parotid glands and the distance between the 

cord and PTV1 were calculated by 3- dimensional Cartesian coordinate system. The 

distance between parotid glands as well as between the cord and PTV1 decreased during 

the treatment course. Based on these changes, the planned dose and the delivered dose of 

the original plan were compared to the 0-mm margin plan. Moreover, the effect of reducing 

margin was studied by using GPU- based image framework for this thesis. This is capable 

of calculating real time dose verification and accumulation. One of the goals in this 

research is to provide tumor coverage to deliver highly conformal radiation dose to the 

target. Even tough 0-mm margin was employed for this study tumor coverage was provided 

for PTV1 and CTV2-3. Moreover, it was proved that reducing margin is essential to reduce 

the delivered dose to the cord. However, it is not enough to protect both parotid glands in 

all cases. Since head and neck cancer patients undergo many anatomical changes such as 

weight loss and change in body fluid mass, it affects the treated volume of tumor.  
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In addition, these anatomical changes caused to the distance to be reduced between parotid 

glands. As a result, delivered dose to critical structures was higher than the planned dose 

for some cases. To protect critical structures and to cover 95 % of treated volume of tumor, 

giving additional safety margin would be necessary. However, the more the treated volume 

expands the high dose region the more beneficial IGRT is   to track tumor and set-up error. 

Making high dose region smaller became possible by reducing margin with IGRT. In this 

study, high dose region was made smaller with 0-mm margin plan. This fact is important to 

deliver fewer doses to the cord and brain stem.  In addition, at least one of the parotid 

glands was protected.  One parotid gland received a higher dose than the original plan in 

three patients. In addition, cord of two patients received higher dose.   Not only margin but 

also tumor location and size are important for the delivered dose. The planned dose of 

parotid glands was less than the original plan, however, the delivered dose to the left 

parotid gland is higher, because the tumor mostly was located on the left side of head and 

neck region in our cases. Besides, the change in volume of parotid glands affected the 

delivered dose. In these patients, volume of both parotid glands and PTV1 volume 

decreased during the treatment course. The COM displacement is another crucial factor on 

delivered dose to the critical structures. Since the distance between left and right parotid 

glands decreased, it caused the parotid glands enter the high dose region. Therefore, at least 

one of the parotid glands received a high dose than planned dose based on dose distribution. 

On the other hand, the insignificant correlation between COM displacement and delivered 

dose to the critical structures including parotid glands and the cord could be obtained 

because only 10 cases were analyzed for this research. But, when case-by-case 

investigation was taken into consideration, a strong correlation was observed between 

weekly delivered dose and COM displacement.    

Many researches have been done before regarding reducing margin. Choonik Lee et. al. 

analyzed the change in parotid gland dose resulting from anatomical changes.
45

 For 

deformable image registration, the daily MVCT images were used. To evaluate daily and 

accumulated doses, voxel mapping was employed. As a result, 3 out of the 10 patients were 

estimated to have received 10 % higher dose than the original plan. There was a strong 

correlation between the COM change of the parotids and the percentage differences 
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between the plan and the cumulative mean doses. In 2009, a cumulative dose was reported 

and then adaptive re-planning was compared based on 0-mm, 3-mm, and 5-mm margin.
77 

Firstly, dosimetric effect of tumor and normal tissue shrinkage were evaluated. Similar 

results were obtained. Volume shrinkage did not affect the target dose. But parotid glands 

received a higher dose when tighter margin was employed. Secondly, the effect of planning 

margin based on the planning dose was evaluated [Dmean (Parotid)= 35.7 Gy]. However, the 

delivered dose was not taken into consideration. One major problem regarding this research 

is that most PTVs overlap on to parotid glands, however; non-overlapping parotid glands 

was represented to be used in IMRT optimization. The entire parotid gland was used in plan 

evaluation. Therefore, parotid glands received higher dose. Lastly, tumor shrinkage and 

contour change during radiotherapy was evaluated in 2010.
67

 MVCT images were 

superimposed to planning kVCT. Target volume and OAR were re-outlined on MVCT. The 

actual delivered dose was taken into consideration based on MVCT images. According to 

this research result, there was no significant relationship between the percentage volume 

reduction and the planned dose. While at first sight, those researches had similar results; 

they were really different from this study.   In this study, four variables were compared to 

evaluate anatomical changes versus dose. Firstly, the planned dose of the standard margin 

plan was compared to the planned dose of 0-mm margin plan. And then it was compared to 

the delivered dose for both plans based on real time imaging modalities. However, re-

planning the treatment was not employed for this research.  Therefore, treatment plans were 

generated based on planning  CT images. The treatment was performed according to this 

plan. The accumulated dose and the delivered dose of each week were evaluated depending 

on GPU based -3D image framework. As a result, the difference between delivered dose 

and planned dose regarding the plans of each week could not be evaluated. Moreover, there 

were unknown questions regarding uncertainties caused by anatomical changes. Since there 

is patient instead of illness, further investigation will be done on adaptive radiation therapy 

and tumor tracking system.  

CONCLUSION 

IGRT is one of the most effective tools to correct set-up error. This technique allows the 

planner to reduce margin. As a result, making high dose region smaller is possible.  In 
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addition, GPU- based 3D image framework was crucial to determine the accuracy of the 

volume contraction for targets as well as parotid glands and COM. In addition it is used for 

real dose accumulation and evaluation. Head and neck cancers are located in paranasal 

sinuses, nasal cavity, oral cavity, pharynx and larynx. Since this type of cancer is mostly 

seen adjacent to the spinal cord, brain stem, parotid glands and optic pathway, reducing 

margin is especially important to protect the cord and OARs. However, protecting parotid 

glands is impossible by reducing margin in all cases due to anatomical changes. At least 

one of them received a higher dose than planned dose, even though     0-mm margin was 

employed. Head and neck cancer patients undergo many anatomical changes during the 

treatment course. These changes affect the COM displacement, the distance between 

parotid glands, the volume of PTV1 and parotid glands, as well as the distance between 

PTV1 and the cord. Therefore, reducing margin is not enough to protect parotid glands. 

Adaptive radiation therapy is crucial in view of the change in every patient’s anatomy for 

each week. A better organ sparing can be provided with re-planning the treatment for some 

cases. As a result, patient`s quality of life would be increased. 
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