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 Purpose:  Brachytherapy is frequently used to boost volumes at risk in the treatment of 

cervical cancers.  Not all centers have HDR, or LDR capabilities, however, all have at least a  

linear accelerator. The possibility of using external beam radiation therapy utilizing a 

Stereotactic Body Radiation Therapy (SBRT) or Intensity Modulated SBRT (IM-SBRT) 

approach was evaluated in this project. Method and Materials: Volumes covered by the 

HDR prescription were used to define a Clinical Target Volume (CTV), with a prescription 

of 3250 cGy to the CTV over 5 fractions. Planning started with 33 equally spaced non-

coplanar beams. Beam weight optimization was used to choose the most effective beam 
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orientations. An SBRT plan was generated using unmodulated beams and then, by allowing 

beam modulation, IM-SBRT plans were generated. Minimum doses to 0.5, 1, 2, and 5 cc of 

rectum and bladder in the highest dose region were compared among HDR, SBRT, and IM-

SBRT plans. Total Dose Volume Histograms (DVHs) were also compared. Results: 98% of 

the CTV was covered by the prescription dose for SBRT and IM-SBRT plans. Comparing 

plans, the highest doses to small volumes, showed that the dose to the high dose region of the 

rectum was increased by 8% for both SBRT and IM-SBRT plans, and the dose to the bladder 

was 8% higher using SBRT and 3% lower using IM-SBRT planning. The rectal DVHs for 

two patients were very similar for all three plans while IM SBRT showed an advantage for 

three patients. The bladder DVHs were similar for all plans for all patients. In general the 

rectum and bladder received a higher dose using SBRT, while the femoral heads received 

less dose using HDR. As expected, a larger volume of normal tissue was exposed to radiation 

using external beam irradiation.  Conclusion: SBRT and IM-SBRT methods provided similar 

tumor coverage to HDR though normal structures received less dose using IM-SBRT 

approach than SBRT approach. It is feasible to replace HDR with external beam. This 

substitution makes the standard of care available to females worldwide and has the potential 

to treat large and irregularly shaped tumors.  
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CHAPTER ONE 
Introduction 

 
CERVICAL CANCER 

 

“Cancer of the cervix is the second most common cancer among women worldwide, with an 

estimated 493,000 new cases and 273,000 deaths from cervical cancer in the year 2002. 

Eighty-three percent of new cases and 85% of deaths from cervical cancer occur in 

developing countries.”1 Because Papanicolaou (Pap) smear screening has increased, the 

number of patients diagnosed with cervical cancer has decreased dramatically in developed 

countries.1 Cervical cancer is still widespread among females from developing countries and 

females from lower socioeconomic backgrounds in developed countries. Lack of education, 

low income, and lack of health insurance have all been cited as causes for inadequate 

screening in the United States.2,3 According to the American Cancer Society, in the year 2000 

in the United States, cervical cancer was the third most common female genital tract 

malignancy with an annual incidence of 12,800 cases and 4600 deaths per year.4 

Different modalities are used to treat cervical cancers depending on their size and nodal 

involvement. The American Cancer Society’s Clinical Oncology textbook lists stage-based 

criteria for choosing appropriate modalities of treatment for cervical cancer. For early stage 

lesions less than 3-4 cm in their maximum dimension surgery is the preferred choice. 

Adjuvant radiotherapy is indicated after hysterectomy for high risk features found on final 

pathologic examination of the surgical specimen. These include tumor sizes larger than 4 cm, 

a positive surgical margin, nodal metastasis, deep stromal invasion, grade 3 lesions, and 
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2 
lymphovascular invasion. Patients with stage IIB-IV disease are locally advanced and are 

treated with radiotherapy alone. Radiation can also be prescribed for patients with early 

disease who are medically unfit for surgery. Chemotherapy is generally used as a 

radiosensitizer with radiotherapy or for treatment of distant metastasis.5

RADIOTHERAPY:  Definitive radiotherapy is usually given by a course of teletherapy 

followed by a brachytherapy boost. The teletherapy is typically delivered using linear 

accelerators (linacs). External beam radiation therapy is delivered at the central tumor from 

different directions. Traditionally for a pelvic treatment, the dose is split into 4 parts and has 

been given from the anterior, posterior, right and left lateral directions. In this arrangement, 

the machine rotates around the patient and there is no need to rotate the patient to treat 

different directions.  

The field of radiotherapy has been revolutionized by the generation of linacs. These 

machines did not need a radioactive source to generate radiation. There are different types of 

linacs available on the market; however, they all have a similar basic design. Electrons in the 

range of 40-50 KeV are ejected by an electron gun into the accelerator tube. The accelerator 

tube has many small sections in which electrons are accelerated and gain energy. These high-

speed electrons hit a target, typically tungsten, and x-rays are produced. Since various 

energies of electrons can be obtained from different parts of the accelerator tube, various 

energies of x-rays can be produced. X-rays produced in this manner have a spectrum of 

energies with the maximum energy corresponding to the electron energy that hit the target. In 

order to improve the energy spectrum of linacs, filters are added to the machine to eliminate 

the low energy x-rays (beam hardening). The great advantage of linacs is the ability to obtain 

 



3 
a range of different energies from 4 MV-23 MV for clinical use. The higher the energy, the 

deeper the depth of maximum dose (d-max). For this reason, the pelvis is typically  treated 

with energies 15 MV or higher. Having a deeper d-max has virtually eliminated skin 

reactions previously seen with teletherapy machines using low energy. Modern linacs also 

have a source to skin distance (SSD) of 100 cm. This provides adequate clearance between 

the head of the machine and the patient, thus reducing scatter from the head of the machine to 

the patient.  

Radiation is collimated in the head of the linacs by primary jaws that are fixed in position. It 

is collimated further by secondary jaws which are controlled by the user (some linacs may 

not have these type of jaws). Tertiary collimation is done by cerrobend blocks or multileaf 

collimators (MLCs). A physician outlines the shape of the desired treatment area on the x-ray 

film from each beam direction. Then this outline is transferred to a template from which 

cerrobend blocks are created. Cerrobend (an alloy of lead, bismuth, tin and cadmium) is very 

heavy and a 5-7 cm thickness is needed to attenuate radiation to less than 5% (acceptable by 

the physicians). These blocks are mounted on a tray manually and placed in the head of the 

linac in the path of each radiation beam. These trays are very heavy and have to be 

exchanged for each treatment field. This type of accessory has been replaced in many 

modern linacs by multileaf collimators (MLCs). MLCs are typically permanently mounted in 

the head of the linac so there are few occasions where therapists need to lift heavy blocks. 

Depending on the type of linear accelerator, the number of leaves can vary from 52-180. 

Figure 1 shows an 80 leaf MLC. The width of each leaf is 1.0 cm and each individual leaf 

can travel independently of the others. Having a small diameter and with independent 
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movement for each leaf, a MLC can conform the radiation beam to irregular shapes. 

 

Figure 1: Photo of an 80 leaf multileaf collimators conformed to the shape of tumor. 

 Modern linacs are often equipped with an on board imaging (OBI) device or cone beam CT 

(CBCT) device for imaging treatment fields and obtaining three dimensional information of 

the position of the internal organs. 

Linacs are capable of taking radiographs of the treatment fields using MV energy. Films 

obtained in this manner are called “port films” and are used by physicians to verify the shape 

and position of treatment fields. Since high-energy x-rays in the MV range are used to 

generate these films, there is limited contrast between soft tissue and bone. Therefore, the 

quality of port films is not as good as diagnostic x-ray which uses low energy x-rays in the 

KV range. In the new models of linacs, KV x-ray imagers have been added. KV imagers 

have enabled linacs to take radiographs with diagnostic quality. With the adding of the x-ray 

tube to the linacs, a clear radiograph can be obtained without disturbing the patient position. 

KV imaging on a treatment machine has the potential to improve the reproducible 

localization techniques due to enhanced image quality. 
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Another addition to recent models is cone beam CT. In CBCT techniques, the x-ray source 

and imaging panel rotate around the patient similar way to how images are acquired on a CT 

machine. Volumetric CT information can be reconstructed in a short period of time. This 3D 

volume can be compared to the original planning volume to make sure that the treatment 

position is as planned.  

As stated earlier teletherapy treatment for cervical cancer is traditionally composed of a four-

field technique, two fields opposing in the anterior-posterior direction and two fields in the 

lateral directions. Guidelines for setting the field borders for pelvic treatment are as follows: 

in general the superior border is placed at the L4-L5 interspace to cover the external iliac 

nodes and hypogastric nodes. If the common iliac nodes are involved, this margin will 

increase to L3-L4 interspace. If there is no vaginal extension, the inferior border is set 

inferior to obturator foramen and laterals borders of anterior-posterior fields are placed 2 cm 

lateral to the pelvic margins; the anterior border of the lateral fields are placed at the pubic 

symphysis and the posterior margin is set to cover at least 50% of the rectum for early stage 

and extend to the sacral hollow in more advanced cases.6 If possible, these fields are treated 

with high energy photons (greater than 15 MV) to spare the skin. Typical fields of a four-

field box are shown in Fig. 2.  

 



6 

    

Figure 2: Examples of fields treated in a four-field technique: Anterior-posterior field on the left and 
right lateral field on the right. 

 These fields are typically treated to 45-50 Gy in 20-25 fractions of 1.8-2 Gy/fraction. The 

goal of this large field treatment is to control the spread of microscopic disease through the 

nodal route. However, the actual gross tumor itself needs more irradiation for local control 

and cure. The small bowel frequently limits the dose that can be given in the pelvic area. 

Morbidity of the small intestine has been reported as less than 1% for 50 Gy or less, 2% for 

50-60 Gy, and increase rapidly for higher doses. 7 For this reason, external beam irradiation 

has traditionally been limited to 45-50 Gy. However, total doses in range of 65-82 Gy are 

required to control an area of gross disease depending on the stage and size of cervical 

tumor.8 Hence, brachytherapy has been an excellent choice to augment teletherapy to treat 

cervical cancer. In intracavitary brachytherapy, radioactive sources are sent through catheters 

attached to applicators inside the uterus and vagina. There is a rapid falloff of dose a few 

centimeters away from the radioactive sources. The inverse square law, which states that the 

exposure of a source is inversely proportional to the square of the distance, is only valid for 
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in air measurements. However, for short distances, brachytherapy point sources in tissue 

behave the same way because attenuation of the primary beam is compensated by the scatter 

component.9 Therefore, the radioactivity of a point source measured 2 cm away drops to 

almost one-fourth. Even though brachytherapy sources are not point sources, dose falloff is 

still very rapid. As seen in the fig. 3 the10,000-cGy line is reduced to 2500-cGy 

approximately 1.7 cm away. This is a significant advantage for the use of brachytherapy 

because it enables the physician to treat the central tumor to a very high dose yet 3-4 cm 

away from it has approximately no dose. Therefore, the central tumor can be treated to a high 

dose without damaging the normal tissue surrounding the tumor. For these reasons the 

American Brachytherapy Society (ABS) “recommends that definitive irradiation for cervical 

carcinoma must include brachytherapy as a component.”8 

 

Figure 3: Axial cross section showing that isodose lines are reduced rapidly as distance increases from the 
center. 

There are two types of brachytherapy methods commonly used, Low Dose Rate (LDR) and 

High Dose Rate (HDR). A dose rate of lower than 2 Gy/hour is considered low dose rate and 
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a dose rate of 12 Gy/hour or higher is considered high dose rate.10 In LDR a few cylindrical 

sources, each about 2 cm in length, are inserted in the applicators (tandem and ovoid) and 

these applicators are inserted inside the uterus and vagina for 2-3 days continuously 

depending on the prescription dose. Even though there are remote afterloaders for LDR 

treatment, most LDR treatments in the United States are done manually.11 A typical LDR 

plan uses three cylindrical sources in the tandem and one in each ovoid. In order to 

manipulate the dose distribution, different activities of radioisotope, (usually 137Cesium), are 

kept in the inventory. The half-life of Cesium is about 30 years; therefore, the inventory is 

good for many years without any substantial decay. By placing different activities of Cesium, 

the physician has some control over the shape of the isodose lines. However, there is minimal 

control over optimization due to the few sources placed in the applicator. In order to achieve 

better optimization, there are times that the physician may exchange sources with different 

activities once or twice during a continuous treatment course.11 During the entire treatment, 

which may last 48-72 hours, the patient is confined to the hospital bed in a shielded room or 

in a room with mobile shielding to protect other patients in neighboring rooms. Radiation 

protection measures including limitation on time spent with the patient and maintaining a 

safe distance should be followed whenever the hospital staff and visitors are in the room with 

the patient. Some of the other disadvantages of LDR treatment are patient discomfort, 

applicator movement, radiation exposure to the staff and family members.  

In HDR treatment, a small source, which is controlled by an afterloader, travels through the 

applicator and has the capability of stopping in different locations for a preplanned time. 

Since the source has a very high activity, it can deliver high doses of radiation in short 
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amounts of time. Therefore, each HDR treatment is performed in just a few minutes. Because 

a computer controls the movement of the source inside a shielded room, the radiation 

exposure to the staff is very minimal in contrast to LDR. Using definitive radiotherapy, the 5 

year specific survival for stage I & IIa, IIb, IIIa, IIIb, and IV is about 80%, 70%, 55%, 45%, 

and 10%.12  Even though some authors have reported better results with LDR for treating 

patients with stage III compared to HDR, 13 in general, the outcome of LDR and HDR are 

comparable to each other in 5-year disease specific survival rates and 5-year pelvic 

recurrence free survival rates.14-17 Therefore, HDR brachytherapy is gradually replacing the 

LDR treatment in most centers. 

HDR BRACHYTHERAPY 

Afterloader:  Traditionally in LDR brachytherapy, catheters or applicators are placed inside 

the body and radiopaque “dummy” sources can be placed for planning purposes. Then, the 

actual radioactive sources can be inserted for treatment. This method requires manual loading 

and the person who loads the radioactive sources receives minimal amounts of radiation. In 

addition, medical staff and family are exposed to some radiation when taking care of the 

patient or visiting the patient. All of these factors prompted the radiation oncology 

community to invent remote afterloading devices. Problems with prolonged treatment time 

and movement of the applicator gave rise to developing remotely controlled HDR 

afterloaders where the sources were small and highly radioactive and therefore the treatment 

time was cut from days to minutes. Different radioisotopes were suggested for these 

afterloading devices: 60Cobalt, 137Cesium, 226Radium, and 192Iridium. One of the original 
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designs had three sources and these sources circulated back and forth during treatment to 

give the optimized dose distribution. 18

Modern afterloaders in the United States use a functionally single 192Ir source. The basic 

design of the VariSource 200 afterloader (Varian, Milpitas, CA) is as follows. Two 192Ir 

sources, each measuring 2.5 mm in length and 0.34 mm in diameter, are embedded directly 

into the tip of a thin solid wire. The placement is such that both sources act as a single source 

with a 5 mm active length. This source can travel 150 cm away from the afterloader through 

a catheter and can stop in preplanned positions. The activity of a new 192Ir  source is about 10 

Ci. Since the half-life of 192Ir is about 74 days, the source is exchanged every 3-4 months. 

There are 20 channels in the afterloader, therefore multiple catheters can be used in one plan. 

In these cases, the source will deliver treatment one catheter at a time in a sequential fashion. 

Figure 4 shows a picture of VariSource 200 with channels 1-3 attached to catheters. 

 

Figure 4: Picture of an afterloader with three catheters attached to channels 1-3. 

Total treatment time depends on the source activity, the number of channels in use and the 

prescription dose.  In general, the overall time is relatively short in order of minutes. For 
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example, the treatment time for a typical GYN case could range from 15-30 minutes 

depending on the source strength. 

The safety features in afterloaders are another attractive feature. Since the source is 

controlled remotely, radiation exposure to the staff is very minimal. If the patient needs 

medical assistance in the middle of the treatment, the staff can interrupt the treatment. In this 

case the source retracts back to its shielded housing, and medical assistance can be provided 

to the patient. Then the treatment can continue from where it left off.  

Applicators: There are many different designs of applicators by different manufacturers in 

use in the radiation community.10 The general purpose of these applicators is to be inserted in 

the uterus and vagina so the radiation can be delivered locally. Either ovoids or a ring are 

inserted into the vagina. Different tandem tilt angles are designed to fit different degrees of 

anteversion of the uterus. Depending on the manufacturer, there are also attachments such as 

rectal retractor or tenaculum in order to increase space from radioactive source to rectum and 

bladder to spare these organs. The overall rule of insertion is to find an applicator which fits 

best inside the body. In this research two types of applicators were used for treatments, which 

are explained in more detail.  

In a tandem-ovoid applicator, the tandem is inserted in the uterus and two ovoids are placed 

in the vaginal fornices. Gauze packing is used to push the rectum and bladder away from the 

radioactive sources. This placement is done under general anesthesia or spinal anesthesia in 

the operating room. Orthogonal radiographs or ultrasound are used to verify the positions of 

the tandem and ovoid. 
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In a ring-tandem system, a plastic sleeve is sutured to the external os of the cervix under 

anesthesia in the operating room. The tandem and ring can be placed and removed on an 

outpatient basis as needed for treatment. The sleeve remains sutured to the cervix until all the 

treatments are completed.  The ring-tandem applicator is similar to the previous system; 

however, there is no OR time needed to insert the applicators. Since the sleeve is already 

sutured inside the patient, the tandem can be inserted through the sleeve in the uterus in the 

HDR room. The ring can be applied to the external os in HDR room as well. Since the 

placement of ring-tandem is done without anesthesia, some have reported that less posterior 

packing is possible.19 However, if an applicator with a rectal retractor is purchased, no 

packing is necessary. The rectal retractor pushes the rectum away and keeps it in that position 

for the duration of the treatment. Fig. 5 shows a picture of a ring-tandem applicator along 

with the rectal retractor assembled. 

 

Figure 5: Ring-tandem applicator assembled: tandem inserts through the ring into the uterus and the 
rectal retractor pushes the rectum more posteriorly, eliminating the need for gauze packing. 

In general, HDR treatment has a lot of advantages and it has become the standard of care in 

recent years. However, there are some facts about HDR that are worth mentioning because it 

contributed to the motivation for this research project.  
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Expense and maintenance: An HDR unit along with its computer planning system and other 

accessories cost approximately $500,000-$750,000. This price is economically feasible for a 

large center with a high patient load in the United States. However, for small centers in rural 

areas or developing countries, this is not affordable. For this reason developing countries 

cannot afford to buy many HDR units and the few that are purchased are most likely being 

placed in large cities. As of 2002, there were 1000 HDR units worldwide and only 400 were 

in developing countries.20 As mentioned earlier, 83% of cervical cancers worldwide occur in 

third world countries. Furthermore, in addition to the start up costs, there are additional 

expenses for maintaining the system. The Iridium source has to be replaced every 3-4 

months. A maintenance contract must be in place for the unit also. The presence of a medical 

physicist and physician are required at the time of the treatment to oversee the procedure and 

act in emergency situations. 

Shielding and safety procedures: Either the center has to have a dedicated room with 

adequate shielding for the unit or use one of their treatment vaults to place the HDR unit. In 

the latter case, the HDR schedule may interfere with the regular patients’ schedule. 

Moreover, since there is a radioactive source in the machine, the center has to maintain a 

radioactive license and follow the regulations for keeping a radioactive source by the state or 

other agencies. Special procedures have to be placed and practiced in cases of emergencies. 

Since the source is highly radioactive, if an emergency situation arises, the exposure to the 

patient and staff entering the room is much higher. 

Optimization:  Along the length of the catheters, the Iridium source can stop in predefined 

positions (dwell positions) for predefined time (dwell times). By varying these two 
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parameters, an optimal plan can be created which treats the affected area. If the dose to the 

rectum and bladder is high, then, dwell positions or dwell times next to these organs are 

manipulated so that the overall results are satisfactory to the physician. Varying dwell time 

and position is a great tool in shaping the isodose line around the tumor and, hence, many 

optimization methods have been proposed in the literature.21,22 Figure 6 shows a typical 

“pear-shaped” optimized isodose distribution for an HDR plan. The volume covered by the 

100% isodose line is one of the criteria that physicians use to evaluate an HDR plan. 

  

Figure 6: Coronal view of a tandem and ovoid isodose lines showing classical pear-shaped dose 
distribution. The volume encompassed by 100% isodose line is one of the criteria that the physicians use 
to evaluate an HDR optimization. 

In spite of the flexibility of dwell time and position in optimizing an HDR plan, it must be 

understood that geometry of the applicator is fixed and dwell times and dwell positions can 

only be varied to a certain degree. For example, the planner does not have the ability to place 

a dwell position outside the catheter or give negative dwell time. If treatment is needed 
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further away from the catheter, the dwell time has to be increased which may cause more 

normal tissue complications. If a tumor is asymmetric or irregular, HDR does not have the 

ability to deposit dose in the affected side and avoid the normal side. In this case, 

brachytherapy might be inadequate in treating tumor, and additional modalities are also used. 

One option is interstitial brachytherapy to boost low dose regions.10

STATEMENT OF THE PROBLEM 

HDR brachytherapy works well in most cases to treat cervical cancers. However, the 

following problems exist with the HDR brachytherapy treatment. 

First the expenses involved in starting and maintaining an HDR unit are very high; therefore, 

small centers, centers in the rural areas or developing countries cannot afford one. If a patient 

lives in a remote area, where brachytherapy is not available, she may have to travel some 

distance to get standard of care treatment. However, not all patients are able to take time off 

for their treatments or are able to afford extra expenses for lodging and traveling. For this 

reason, in some cases, external beam therapy might be substituted for brachytherapy which 

may not be fully beneficial for the patient. 

Second, HDR optimization is limited and it cannot adequately cover large tumors or 

irregularly shaped tumors. 20-40% of advanced cervical cancers recur locally 23 and 5 year 

survival rates for these tumors are between 10-25%. 12, 24 Therefore, the typical “pear-

shaped” dose distribution of an HDR treatment does not adequately cover the tumor volume 

in advanced stages of cervical cancers. In addition, if the cervical tumor is irregular in shape 

and affects one side of the cervix more than the other, HDR optimization lacks the ability to 
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conform the dose to the affected side only and avoid the healthy side. These issues have 

perhaps contributed to the low survival rates for the advanced cervical cancers.   

MOTIVATION 

Optimal cancer treatment should be available to all patients regardless of their socioeconomic 

backgrounds. The motivation for this research project is to find a way to modify the current 

available technology (linacs) and achieve the same dosimetry and disease control as is seen 

with HDR. Therefore, the cancer care would be available for all females with cervical 

cancers regardless of their socioeconomic backgrounds, or geographic locations. 

In this research, feasibility of using linacs to deliver a dose distribution similar to an HDR 

plan will be evaluated. This may allow centers without an HDR unit to treat their patients 

using linacs with the same benefit as the actual HDR unit. 

Furthermore, if a linac can be substituted for an HDR unit, optimization of cervical tumors 

can be improved tremendously. When using a linac for treatment, the dose can be conformed 

over irregular volumes with greater ease than with HDR. Optimization is not compromised 

due to the large sizes or irregular shapes of tumors anymore. This optimization could enable 

physicians to treat unusual tumor shapes and sizes that cannot currently be treated by HDR 

alone and this may very well increase the survival rates for advanced stages of cervical 

cancers.  

 

 

 



 

CHAPTER TWO 
Methods and materials 

 
 

In order to evaluate the feasibility of substituting HDR treatment with external beam 

radiotherapy treatment, a retrospective planning study was performed using computed 

tomography (CT) on 5 patients who had previously received external beam therapy and HDR 

treatment as a boost. Computer planning systems used for planning comparison were Brachy 

Vision (Varian, Milpitas, CA) for HDR and ADAC (Pinnacle, Milpitas, CA) for external 

beam therapy. The same CT data sets used for HDR planning were sent to the external beam 

treatment planning system. Two external beam plans were generated for each patient and 

these two plans were compared with the original HDR plan. In two patients, tandem-ovoid 

system was used and in the other three, ring-tandem. As mentioned before, a complete course 

of treatment for these patients composed of treating large fields using external beam method 

and then boosting the volume at risk with HDR. The focus of this study is on the HDR 

section of the treatment and not the original large field. In order to compare external beam 

plans with HDR plans, an understanding of traditional HDR planning, prescription dose and 

external treatment planning system is necessary.  

CLINICAL TARGET VOLUME (CTV) AND PRESCRIPTION 

CT has not always been an integral component of HDR treatment planning; so there were 

other means to defining goals for treatments. Traditionally after placement of the applicator, 

two orthogonal radiographs were obtained, anteroposterior (AP) and lateral views. Four 

points (points A and B, rectal and bladder points) along with the dose distribution on the 

17 
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orthogonal radiographs helped physicians to evaluate an HDR plan. These points were based 

on the geometry of the applicator. For this reason, the correct placement of the applicator has 

been emphasized in the literature.11, 25-27 “Ideally, the tandem and colpostats [ovoids] should 

be inserted so that the tandem bisects the colpostats on the lateral view. The tandem should 

fall midway between the colpostats and parallel to the body axis on anteroposterior view. The 

flange should be at the level of the exocervix as defined by the cervical markers”. 11 When 

using ring-tandem applicator similar guidelines should be followed as well. Figure 7 shows a 

sketch of point A and B relative to the tandem. 

 

Figure 7: Sketch of relationship of points A and B to the tandem. Point A represents an anatomical 
location where the uterine vessels cross the ureter, and point B represents the location of lymph nodes. 

When the applicator is tightly fitted inside the uterus and vagina, point A, located 2 cm 

superior along the tandem and 2 cm lateral to it, represents the location where the uterine 

vessels and ureter cross each other. This is a dose limiting structure and therefore it has been 

 



19 
chosen as a prescription point.28 Point B, 2 cm superior to the external os and 5 cm lateral to 

midline of the pelvis, represents the location of lymph nodes. Bladder and rectal points are 

placed such that they represent the maximum dose to these organs from the implant. 

International Commission on Radiation Units (ICRU) 29 report 38 has detailed guidelines in 

placing these points. 

Even though CT planning is the standard of care for most treatment sites, some physicians 

are still following the same target volume for their HDR treatments and just use CT to 

visualize this volume in three dimensions. Although several institutions have described the 

benefits of using MRI, CT and PET to draw more accurate target volumes specific to each 

patient,30-33 this work was performed using the traditional definition of HDR volume. For the 

purpose of this research, the high dose volume encompassed by the HDR prescription dose 

(100% isodose line in fig. 6) was transferred to the external beam treatment planning system 

(Pinnacle, Milpitas, CA) and was used as a clinical target volume (CTV). 

Traditionally, the HDR dose has been prescribed to point A right, point A left, or an average 

of both. Different regimens of dose per fraction and number of fractions are practiced in the 

radiation oncology field. The number of fractions varies from 1-12 and daily dose per 

fraction varies from less than 500 cGy to greater than 600 cGy; 34 fraction size as high as 900 

cGy is routinely practiced in some centers.35 In order to make the comparison easy and 

meaningful among the study patients, in this research, a prescription of 650 cGy in 5 

fractions was used based on the recommendation of the American Brachytherapy Society. 8 

In HDR plan, this dose was prescribed to point A, and in external beam plans, this dose was 
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prescribed to the target volume (CTV) such that 98% of the volume was covered by this 

dose. 

EXTERNAL BEAM TREATMENT PLANS  

Treatment planning systems have revolutionized the art of radiotherapy in the past decades. 

With the widespread use of fast-computerized treatment planning systems in most centers, 

physicians have the ability to conform isodose lines around the desired target volume and 

spare the normal tissues adjacent to the target. Each patient must be planned with great care 

to ensure an optimum dose distribution to the tumor while sparing normal tissues. Central 

tumors are located centrally in the body. In order to spare the normal tissues, beams are 

created from different angles to aim at the target volume. Each beam is tightly conformed 

around CTV using Multileaf Collimators (MLCs).  

Inverse planning is one of the modern methods used in planning. In this method, goals 

(objectives) of planning are given to the planning system and the planning system generates 

the solutions. Objectives are given in the form of dose constraints to a volume. If this volume 

is the tumor, the goal is to treat the whole volume with the maximum dose prescribed. On the 

other hand, if the volume is the rectum or bladder, the goal is to spare this volume as much as 

possible. For example, the main goal of this research was set such that 98% of CTV receives 

the prescription dose while sparing other normal organs as much as possible.  

In order to accomplish this, all normal structures near the target volume should be contoured 

in addition to the target volume. In this project, on each patient, the rectum was contoured 

from ischial tuberosity to sigmoid colon; the entire bladder and femoral heads were also 

contoured. In order to minimize dose to other normal tissues, a separate structure was created 
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which was the entire body less the contoured organs. This structure was named external 

tuning and was given a maximum dose constraint (around 30% of the prescription dose) so 

that the planning computer does not deposit excess dose in this structure. 

 The planning process started with 33 beams from different angles and different couch 

positions for each patient. Then beam weight optimization was used to select the beams for 

treatment. Each critical organ was given a dose objective and a priority number. In this 

inverse planning method, the computer system adds up the dose contribution of each beam to 

each voxel of the contoured volume. For example, the sum of doses from each beam is 

calculated for each voxel of the CTV. Then, the planning system sets up a cost function to 

compare the current dose to the prescribed dose (in this case, the prescription dose).  There 

can be a different weight for under-dosing and over-dosing.  This process is repeated for each 

voxel within the CTV and the costs are then added.  If the sum of the square differences 

between the calculated dose and the objective dose is larger than some threshold set by the 

planner, the system will then change weighting of each beam based on a gradient search 

algorithm and the process repeats. This process is repeated until a satisfactory solution is 

found in which the sum of the square differences is within the set threshold. The system, not 

only evaluates the dose to the CTV, but it also considers dose to the other normal structures 

as well according to the given priority numbers. The final beam weightings are such that the 

CTV receives requested dose and normal tissues only receive the allowed dose. In this 

process, if a beam is not useful, the software weighs that beam very low. These low weighted 

beams are deleted and the process is repeated for many times till a practical number of beams 

are left. A plan was created for each patient using the 10-12 final beams and called 
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Stereotactic Body Radiation Therapy (SBRT) plan. In SBRT planning, the intensity of the 

radiation is uniform for each beam. This plan can be optimized further by allowing the 

computer to modulate the intensity across each beam.  

In Intensity Modulated Radiation Therapy (IMRT) the same process as above is used except 

that each beam is broken into many beamlets (1 cm X 1 cm normally).  The weighting of 

each beamlet is the optimized program. In this method, the computer evaluates the objectives 

and increases or decreases the intensity of the beamlets accordingly. For example, if the 

beam passes through the rectum partially and irradiate the target volume, the intensity of 

beam will be decreased on the rectum and increased on the target volume. This process is 

repeated for each beam until a satisfactory result is obtained. Changing intensity of each 

beam is possible by creating multiple beamlets in each beam using MLCs. Figure 8 shows 

the difference between a static field and an intensity modulated beam. Static beams only use 

one shape throughout the treatment while intensity modulated beams use multiple segments 

to treat each field. This technique will enable the computer to optimize the dose just around 

the target volume and spare the normal tissue surrounding the target volume.  
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Figure 8: MLC is conformed to the CTV in a static beam on the left. The same beam with multiple 
segments in an intensity modulated plan on the right. 

 
In this research, the same fields obtained by beam weight optimization were used to create 

another plan using IMRT. The new plan was called IM-SBRT. Therefore, each patient had 

two external beam plans, SBRT and IM-SBRT.  

Since the planning system is using dose objectives to determine the shape and number of 

segments for each field, it is important to have objectives that are practical and achievable. In 

this research, the objective for the CTV was set such that at least 98% of the CTV receives 

the prescription dose (3250 cGy). The priority number for the CTV objective was the highest 

among all of the objectives because this is the main goal of the treatment. In order to mimic 

brachytherapy planning, no maximum dose limit was set for the CTV. Therefore the software 

had no restriction in depositing high dose inside the CTV. To determine the dose objectives 

for the rectum and bladder, DVHs of the HDR plans were used as a guide and some artificial 

objectives were made as a starting point. Table 1 shows the starting objectives for the rectum 

and bladder for this research project.  For example, the software is given the instruction 
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(table 1) that 15% of the rectal volume can receive 2800 cGy, 25% can receive 2450 cGy, 

and so on. In addition to these dose volume instructions, a priority number is given relative to 

the other objectives. The software designs the segments and weighs each segment with the 

goal of satisfying the dose volume restrictions for the highest priority objective, usually the 

CTV. In doing so, it goes through many iterations to find a solution that not only satisfies the 

main objective but also satisfying other objectives. This may take some time and some 

manipulation of dose volume restrictions or priority numbers for each objective. If the 

objectives were met without any difficulties, then, dose volume guidelines can be tightened 

and a new solution would be evaluated. This process is repeated until a satisfactory result can 

be obtained where the CTV receives the required dose while normal tissues receive the least 

amount of dose possible. 

Table 1: Starting dose volume instructions for rectum and bladder for SBRT and IM-SBRT techniques. 

Objectives for rectum and bladder  
Volume 15% 25% 35% 50%
 Dose cGy (rectum) 2800 2450 2000 1300
 Dose cGy (bladder) 3000 2600 2200 1400
 

In this research the assumption is that these patients have already received 45 Gy through 

external beam therapy. Femoral head objectives were set such that they do not receive more 

than 800 cGy for the total prescription dose of 3250 cGy. As seen in fig. 2, in a four-field box 

technique, femoral heads are usually blocked such that the majority of the volume does not 

receive the 45 Gy prescription dose. In addition, in HDR planning, the femoral heads did not 

receive more than 600-700 cGy. The overall objective of this research was to mimic the 

isodose distribution of an HDR plan. For this reason the femoral heads were allowed to 
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receive a maximum of 800 cGy. The priority number was different for each objective and it 

was modified as necessary to get the best optimized plan.   

EVALUATING EXTNAL BEAM PLANS WITH HDR PLAN     

Since HDR planning is traditionally evaluated based on a point dose system, traditional point 

doses were transferred to the external beam plans and a comparison was made between  the 

traditional points on the HDR plan versus the external beam plans. In addition, minimum 

dose to the volumes of 0.5, 1, 2, and 5 cc in the highest region of the dose volume histograms 

(DVHs) were recorded and compared among all three plans (figure 9).  

 

Figure 9: A graph of DVH showing how minimum dose to 0.5, 1, 2, and 5 cc were chosen for comparison 
among three plans. 

The image-guided brachytherapy working group recommends reporting doses to volumes of 

1, 2, and 5 cc of contiguous bladder and rectal wall.36 In this research project, minimum 

doses to the whole volume of 0.5, 1, 2, and 5 cc of rectum and bladder were compared and 

evaluated among the three planning techniques. In order to create the wall, the planning 

system should be capable of shrinking the organ volume by a few mm (usually 3 mm for 
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bladder and rectal wall) and then subtracting the new volume from the original volume 

leaving a hollow tube with 3 mm thickness. In this project, the HDR treatment planning 

system was not able to do so. Although, it has shown that the dose to the wall is similar to the 

dose to the whole organ for small volumes up to 2 cc .37 In addition to a comparison of 

minimum doses to these small volumes, total dose volume histograms were compared for the 

rectum, bladder and femoral heads for each patient in three plans. 

LOCALIZATION 

In this project, a device similar to the ring-tandem applicator is proposed for the purpose of 

localization. It is proposed that this device is placed inside the uterus and vaginal prior to 

each treatment and taken out afterward. The volume of the bladder is proposed to be kept 

constant by catheterizing the patient and adding a specified amount of fluid in the bladder. 

The rectum is proposed to be pushed away from cervix by a rectal retractor or rectal balloon. 

Imaging should be done daily prior to the treatment to make sure that the position of the 

device has not changed compared to the original plan.  

  

 



 

CHAPTER THREE 
RESULTS 

 
DOSE TO CTV (PRESCRIPTION) 

CTV volumes ranged from 77 cc to 141 cc. the average CTV volume, excluding patient 5, 

was 92 cc. A CTV objective was set such that at least 98% of the volume was covered by the 

prescription dose of 3250 cGy. This objective was met for all patients. Figures 10-12 show 

transverse, sagittal and coronal views of all three plans for one of the patients. 

27 
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Figure 10: Transverse images of the HDR plan (top), SBRT plan (middle), and IM-SBRT plan (bottom) 
for one patient. Isodose lines from the center to the edge are 4200 (on HDR plan only), 3250, 2500, 2000, 
1500, 1000, and 500 cGy respectively. 
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Figure 11: Sagittal views of HDR (top), SBRT (middle), and IM-SBRT (bottom) plans. Isodose lines from 
the center to the edge are 4200 (HDR plan only), 3250, 2500, 2000, 1500, 1000, and 500 cGy respectively. 
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Figure 12: Coronal view of HDR (top), SBRT (middle), and IM-SBRT (bottom) plans for one patient. 
Isodose lines from the center to the edge are 4200 (present in HDR and IM-SBRT), 3250, 2500, 2000, 
1500, 1000, and 500 cGy respectively. 
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Dose to point A: Point A was the prescription point for the HDR plans. When transferred to 

the external beam plans, this point was at the edge of the CTV and therefore at the high 

gradient dose area. Figure 13 shows that the dose to points A right and left among all three 

plans. Overall, the dose fluctuation between points A right and left was approximately ± 6% 

with one exception of 14% for patient 3 in the SBRT case. In general, the dose to point A 

was on average 1.34% and 3.25% higher than HDR plans for IM-SBRT and SBRT 

respectively. 
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Figure 13: Dose to points A right and left. Prescription dose was 3250 cGy to point A right or left. 

 

DOSE TO NORMAL TISSUES 

RECTUM 

Dose to rectal point: As mentioned earlier, rectal points are placed on the rectal wall where 

the physician thinks that dose from the implant would be the highest, generally in the vicinity 

of the ovoids. When volumetric information is available, physicians can use their clinical 

judgment to place these points and sometimes more than one point is placed to obtain more 

dose information for the rectum. In this project a total of 9 rectal points were evaluated; four 
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patients had two rectal points each and one patient only had one rectal point. In all cases with 

two rectal points, rectal point 1 was inferior to rectal point 2; the placement of the points was 

merely based on the physician’s estimate of the maximum dose to the rectum according to 

the geometry of the applicator. 

Dose to rectal point 1

0

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5

Patient

D
os

e 
(c

G
y)

HDR

SBRT

IM-SBRT

Dose to rectal point 2

0

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5

Patient

Do
se

 (c
G

y)

HDR

SBRT

IM-SBRT

 

Figure 14: Dose to rectal points 1 on the left and rectal point 2 on the right. Rectal point 1 was inferior to 
rectal point 2. 

As seen in figure 14, eight rectal point doses out of nine points were increased in SBRT plan 

with increases ranging form 1% to 34% compared to the HDR plan. One rectal point was 

decreased by 15% for SBRT planning. In the case of IM-SBRT, the dose to six out of nine 

points decreased by 7%-42% compared to the HDR plan. The other three had an increase of 

4%-14% when compared to the HDR plan. 

Dose volume histogram analysis: Minimum dose to the volumes of 0.5, 1, 2, and 5 cc of 

rectum are shown in figures 15-18.  
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Figure 15: Minimum dose to 0.5 cc of rectum for patients 1-5. 
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Figure 16: Minimum dose to 1 cc of rectum for patients 1-5. 
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Figure 17: Minimum dose to 2 cc of rectum for patients 1-5. 
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Figure 18: Minimum dose to 5 cc of rectum for patients 1-5. 

To evaluate the data, a difference of ± 10% was considered similar dose and anything more 

than 10% was considered significantly different compared to the other modality. Out of 20 

data points (5 patients with 4 volumes each), the SBRT dose to the same volume of rectum 

was similar in 8 cases compared to the HDR plan. SBRT gave less dose to the rectum in 3 

cases and more dose in 9 cases when compared to the HDR plan. IM-SBRT gave the same 
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dose as the HDR plan to the rectum in 9 cases. IM-SBRT gave less dose in 3 cases and more 

dose in 8 cases compared to the HDR plan. Overall results showed an 8% increase in dose to 

small volumes of rectum for both SBRT and IM-SBRT plans compared to the HDR plan. 

These results are summarized in table 2. 

Table 2: Summary of dose comparison between SBRT and IM-SBRT to the HDR plan for small volumes 
of rectum. 

Dose to small volumes of rectum compared to HDR 

  
Same 
dose 

Less 
dose 

More 
dose total 

SBRT 8 3 9 20 
IM-SBRT 9 3 8 20 

 

In this section, the doses to the total volume of each organ are compared to each other. In 

external beam therapy, usually the dose is compared against the percent volume. Most 

protocols require a certain percentage of volume to receive no more than a certain dose. 

When evaluating a DVH, both the absolute dose and the absolute volume of the organ should 

be considered. Sometimes comparison of percent volumes for two plans might be misleading 

if the total volumes are largely different between them. For this reason, in this project 

absolute dose was graphed against the absolute volume of the organ. 

Rectal dose volume histograms (DVHs) for all five patients are shown in figures 19-22 
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Figure 19: Rectum DVH for patient 1. 
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Figure 20: Rectum DVH for patient 2. 
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Rectum DVH (patient 3)
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Figure 21: Rectum DVH for patient 3. 
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Figure 22: Rectum DVH for patient 4. 
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Rectum DVH (patient 5)
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Figure 23: Rectum DVH for patient 5. 

The DVH of the rectum for all three plans look relatively similar to each other although some 

differences exist. In patient 1, the HDR plan gives a lower dose to the rectum up to the 40 cc 

volume then, for the volumes above 40 cc the IM-SBRT gives a lower dose to the rectum. 

The same is true for patients 2 and 3 up to 17 cc of volume and 70 cc of volume respectively. 

In patients 4 and 5, IM-SBRT gives the same dose or less for all volumes of rectum. In all of 

these graphs, SBRT gives more dose to the rectum than either the IM-SBRT or HDR plan. 

BLADDER 

Dose to bladder point: Figure 24 shows dose to bladder points for all three plans. In all cases 

of SBRT, the bladder point received 1-22% higher dose than HDR plan. In all of the cases of 

IM-SBRT, the bladder point was reduced from 2-26%. Percent difference was calculated 
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using the difference between the dose from SBRT or IM-SBRT and the dose from the HDR 

plan multiplied by 100 and then divided by dose from the HDR plan.  
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Figure 24: Comparison of dose to bladder point among HDR, SBRT, and IM-SBRT plans. 

Dose volume histogram analysis: The entire bladder was contoured for the purpose of 

comparison. The bladder volume ranged from 35-155 cc with an average of 73cc. Figures 25-

28 shows minimum dose to the volumes of 0.5, 1, 2, and 5 cc of bladder amongst all three 

plans. 
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Figure 25: Minimum dose to 0.5 cc of bladder for patients 1-5. 
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Figure 26: Minimum dose to 1 cc of bladder for patients 1-5. 
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Dose to 2 cc of bladder

0

500

1000

1500

2000

2500

3000

3500

4000

4500

1 2 3 4 5

Patient

D
os

e 
(c

G
y) HDR

SBRT

IM-SBRT

 

Figure 27: Minimum dose to 2 cc of bladder for patients 1-5. 
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Figure 28: Minimum dose to 5 cc of bladder for patients 1-5. 

These twenty data points (five patients x 4 volumes) were evaluated in the same manner as 

before meaning that a difference of ±10% between two plans was considered to be the same 
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dose and any thing greater was considered significantly different compared to the other 

modality. Percent difference was again calculated based on the dose difference times 100 and 

then divided by the HDR dose. Table 3 summarizes the data. the SBRT dose to the bladder 

was the same as HDR in 9 cases. The SBRT plan gave less dose to the bladder in 3 cases and 

more dose in 8 cases. The IM-SBRT plan gave the same dose to the bladder volumes as HDR 

in 10 cases. It gave less dose to the bladder in 7 cases and more dose in 3 cases when 

compared to the HDR plan. Overall results were an 8% increase in the minimum dose 

delivered to the small volumes of the bladder for SBRT planning and 3% decrease for the 

IM-SBRT plan when compared to the HDR plan. 

Table 3: Summary of dose comparison between SBRT and, IM-SBRT to the HDR plan for small volumes 
of the bladder. 

Dose to small volumes of bladder compared to 
HDR  

  
Same 
dose 

Less 
dose 

More 
dose Total 

SBRT 9 3 8 20 
IM-SBRT 10 7 3 20 

 

Absolute dose was plotted versus the absolute volume for bladder in all five patients. Figures 

29-33 show these plots. 
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Figure 29: Bladder DVH for patient 1. 
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Figure 30: Bladder DVH for patient 2. 
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Bladder DVH (patient 3)
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Figure 31: Bladder DVH for patient 3. 
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Figure 32: Bladder DVH for patient 4. 
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Bladder DVH (patient 5)
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Figure 33: Bladder DVH for patient 5. 

In patient 1, even though HDR and IM-SBRT show similar results, the HDR plan gave less 

radiation to the bladder. SBRT gave the highest dose to the bladder amongst all three plans. 

In patient 2, HDR and SBRT plans were slightly better than IM-SBRT for up to 8 cc of the 

bladder, then, IM-SBRT gave less dose followed by HDR and SBRT plans. In patient 3, 

HDR was better for all of the volumes of bladder followed by IM-SBRT and SBRT 

respectively. In patient 4, IM-SBRT was almost the same as HDR up to 5 cc of volume and 

then it became better than HDR. SBRT planning gave the most dose for this patient. In 

patient 5, IM-SBRT gave the least dose to all volumes of bladder followed by HDR and 

SBRT. 
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FEMORAL HEADS 

The femoral heads are located farther away from the target volume. With the rapid dose 

falloff of brachytherapy, it is expected that these structures do not receive a high dose in an 

HDR plan. Since the total dose to these structures are not a concern to physicians when 

treating cervical cancers, only the total DVHs are presented here. Figures 34-38 show the 

DVH for the femoral heads for each patient. Each figure contains the results for both right 

and left femoral heads. 
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Figure 34: DVH of right and left femoral heads for patient 1. 
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Figure 35: DVH of right and left femoral heads for patient 2. 
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Figure 36: DVH of right and left femoral heads for patient 3. 
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Figure 37: DVH of right and left femoral head for patient 4. 
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Figure 38: DVH of right and left femoral heads for patient 5. 

Femoral heads were contoured and were given dose objectives. Even though their priority 

number was not very high, it yielded comparable results to the HDR plan in most cases. In 

patient 1, the left femoral head received less dose than the HDR plan compared to other 
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plans, but in the right femoral head, both IM-SBRT and SBRT gave less dose than HDR. In 

patient 2, the right femoral head received a very similar dose from all three plans and the left 

femoral head received less dose using HDR followed by SBRT and IM-SBRT respectively. 

In patient 3, the right femoral head received very minimal doses by either SBRT or IM-

SBRT while it did receive more dose from HDR. The left femoral head received similar 

doses from all three plans. HDR gave less dose to both femoral heads for patient 4 followed 

by SBRT and IM-SBRT respectively. The same is true for patient 5 with the difference that 

IM-SBRT and SBRT plans are very similar to each other. 

DOSE DISTRIBUTION PATTERN 

HDR and external beam plans have a different isodose distribution pattern. HDR deposits 

high dose in the vicinity of the radioactive sources and the dose intensity drops rapidly as the 

distance increases toward the edge. On the other hand, in external beam planning, the dose is 

deposited in a larger volume. For example, point B is farther away from the center and it 

received more dose in the external beam plans than the HDR plan. Figure 39 shows the dose 

to points B right and left of all three plans. As can be seen, point B right received a higher 

dose in both of the external beam plans in the range of 28% to 181% more than the HDR 

plan. The dose to point B left was also higher and the increase ranged from 4% to 107%. In 

one case, IM-SBRT showed a decrease of 12%. When the doses to points B right and left 

were added to each other and compared to the HDR plan, the average dose to point B for 

each patient ranged from 19%-71% with a total average of 53%. 
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Figure 39: Dose to points B right and left for all three plans. 

Comparison of cross sectional images of any external beam plans to HDR revealed the same 

fact. As seen in fig. 40, the IM-SBRT dose distribution is similar for high isodose lines and 

different for low isodose lines. Low isodose lines cover a larger volume in the external beam 

plans than the HDR plan. 

 

Figure 40: Typical dose distribution for an HDR plan on the left and external beam plan on the right. 
Isodose lines from the center to the edge are 3250, 2500, 2000, 1500, 1000, and 500 cGy respectively. 

MONITOR UNITS 

Monitor unit (MU) is a setting on the linacs which determines how long the machine should 

be on. MU is related to the machine calibration factor, depth of treatment in tissue, area of 
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treatment, distance from target of the machine, and type of energy. For example, for a deep-

seated tumor, more MU is needed than for a shallow tumor. MU is directly proportional to 

dose. With the introduction of intensity modulated treatments clinicians have reported the 

number of monitor units increase due to multiple segments within each beam. A comparison 

was made between the total number of MUs for SBRT plans versus IM-SBRT plans.  As 

seen in fig. 41, the IM-SBRT MU settings are consistently higher than SBRT MU settings. 

This increase ranged from 54%-147% compared to SBRT plans. Overall, IM-SBRT plan 

MU’s were twice that of SBRT plans as expected. 
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Figure 41: Total MU comparison between SBRT and IM-SBRT. 

 

TUMOR MAXIMUM DOSE (HOT SPOTS) 

The nature of brachytherapy implies that a very high dose is given adjacent to the applicator 

where the radioactive sources are located, inside the target volume. The goal of external 
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beam planning has usually been to create a uniform dose over the target volume. In this 

research, to mimic brachytherapy dosimetry, the goal was not set for uniform dose inside the 

target volume. It is possible to create significant hot spots with IM-SBRT and even with 

SBRT; however, no attempts were made to create hotspots as high as brachytherapy. In the 

two external beam plans (SBRT and IM-SBRT), maximum point dose ranged from 3727-

4048 cGy for SBRT plans and 4305-4653 cGy for IM-SBRT plans, an increase of 18-43% 

over the prescription dose for both plans. While in brachytherapy plans, large volumes 

received doses as high as three times the prescription dose. As seen in fig. 42, 9750 cGy and 

6500 cGy (three times and two times the prescription, respectively) occupied a large volume 

along the length of tandem and ovoids, while in the IM-SBRT plan hotspots were composed 

of two 2cc volumes of 4200 cGy (129% of prescription). Generally these hotspots were at the 

inferior part of CTV for most of the external beam plans. 

  

Figure 42: Comparison of hotspots between HDR plan on the left and IM-SBRT on the right. On the IM-
SBRT plan,  the large volume represents 3250 cGy and the two  small volumes represent 4200 cGy.

 



 

CHAPTER FOUR 
DISCUSSION 

 
 

DOSE TO CTV (PRESCRIPTION) 

In this research, the objective for the CTV was set such that 98% of the volume was covered 

by 100% of prescription dose. In the process of planning, if the overall dose to critical organs 

were reasonable and the 98% goal was not met for the CTV yet, manual adjustment of 

individual beam segments was done to achieve this goal. In those cases, the individual leaves 

were moved manually on some beams to allow more radiation to reach the target volume 

and, hence, meet this objective. Only leaves that affect the target volume more than the 

normal tissue are moved. Although this process is tedious and time consuming, it is routinely 

performed by dosimetrists in some cases of inverse planning. The alternative to this is to let 

the planning system find the final solution which sometimes may take many more iterations 

and it is more time consuming than manual adjustment. 

Figures 10-12 showed transverse, sagittal and coronal images for one patient with three 

different modalities. The shape of the tumor volume is slightly different from HDR to 

external beam plans. One reason could lie in transferring the tumor volume from the HDR 

planning system to the external beam planning system. The volume encompassed by the 

prescription in the HDR plan (CTV) was transferred manually slice by slice to the external 

beam planning system. In doing so, the shape and hence, the volume might have been altered 

to some degree. In addition, due to the lack of capability of the HDR planning system, this 

volume could not be contoured as a separate structure; therefore no quantification of the CTV 

52 
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volume was available. Even though, the total volume for the CTV was available in the 

external beam planning computers, there was no volume in HDR planning system for 

comparison. This might have contributed to slight differences in tumor volume between the 

different modalities as well.  

 

DOSE TO NORMAL TISSUES 

RECTUM AND BLADDER 

Traditionally, the dose to the rectal point and bladder point were two of the four points used 

for evaluating an HDR plan by the physicians. Although CT planning is becoming the norm 

in planning HDR cases and most manufacturers have applicators that are CT compatible, 

some physicians still use the point doses to evaluate HDR plans. These points worked very 

well when there were only two orthogonal radiographs and no other volumetric information 

available. However, with the availability of volume information, physicians should evaluate 

the plan using the whole volume not just a few points. Even though by visualizing the 

patient’s anatomy on CT a better approximation of the rectal and bladder points is possible 

and in some cases more than one point can be placed to get a better estimate of the dose to 

the whole organ. The examples below will illustrate that these points could be misleading in 

evaluating an implant. 
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Figure 43: Rectal point was moved to a more anterior location. Dose to this point increased from 1184 
cGy to 1970 cGy. 

Patient 2 was evaluated based on two rectal point doses of 1184 and 1412 cGy (one point is 

shown in the fig 43). In fig. 43, the rectal point 1 was moved to a more anterior location in 

the HDR plan where it is closer to the applicator. The dose to this point increased from 1184 

cGy to 1970 cGy, an increase of 66%. Would the physician change the dwell times and 

positions if the rectal point was placed in this new location? Moreover, these points are 

placed before the planning starts. Variation of dwell time and position, which is done as a 

part of optimization, affects the dose to these points and cases similar to figure 43 might 

occur. 

In another example, when rectal point 1 was moved 2 mm posterior in the HDR plan for 

patient 3, the dose to this point dropped from 2390 cGy to 2120 cGy, a decrease of 11%, and 

when this point was moved 2 mm anterior, the dose increased to 2721 cGy, an increase of 
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14%. Since the points are placed manually, the physician could easily place it 2 mm up or 

down, right or left and the resulting dose will be different. Fig 44 shows the proximity of 

these three points to each other. The point in the middle is the actual point placed by the 

physician and the other two are points in 2 mm anterior and 2 mm posterior locations. If a 

physician is asked to place the same point for a few times, it is unlikely that he or she will 

place the point at the same exact location. 

 

Figure 44: When rectal point 1 was moved 2 mm posterior, the dose decreased by 11%, and when it was 
moved 2 mm anterior, the dose increased by 14%. 

To further illustrate that the point dose system is not reliable, the minimum dose to 0.5 cc of 

the rectum and bladder in the highest dose region of the DVH was chosen to represent the 

maximum point dose to the rectum and bladder respectively for HDR plan. It is understood 

that the maximum point dose would be much higher. The maximum doses obtained from 
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volumetric data were compared against the traditional maximum dose points for the rectum 

and bladder. Figure 45 shows this comparison. For the purpose of this comparison, on 

patients with two rectal point doses, the point with higher dose was selected. 
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Figure 45: Rectal point dose versus minimum dose to 0.5 cc volume of rectum for patients 1-5. On 
average the maximum rectal dose was underestimated by 39% using the rectal point dose from the HDR 
plan. 

This figure illustrates that in all the patients, the maximum dose to the rectum was 

underestimated by 39% using traditional rectal point doses from the HDR plans. This 

underestimation ranged from 2-69% with an average of 39%. As stated before, if the actual 

maximum point dose were used in this evaluation, the difference would have been greater. 

For example, the rectal point for patient 2 only showed a 2% decrease compared to the 

minimum dose to 0.5 cc volume of rectum. However, the actual maximum dose point 

inferred from the DVH showed a maximum point dose of 1717 cGy compared to 1412 cGy, 

a decrease of 22%.  Patient 5 had the greatest underestimation of all. 
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The same scenario is true for most of the bladder points. Fig 46 shows the dose to the bladder 

point compared to the minimum dose to 0.5 cc of the bladder volume for HDR plans. The 

maximum dose to the bladder was underestimated in three patients ranging from 4-55%. In 

one patient the maximum dose obtained from the point dose was the same as the minimum 

dose to 0.5 cc of the bladder volume and in one patient the maximum dose obtained from the 

point dose was 32% higher than the minimum dose to 0.5 cc of the bladder volume. On 

average, the maximum dose to the bladder was underestimated by 11% when the bladder 

point dose was used. 
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Figure 46: Bladder point dose versus minimum dose to 0.5 cc of bladder for patients 1-5. On average, the 
maximum dose to the bladder was underestimated by 11% using traditional bladder point from HDR 
plan. 

Examples above clearly show that relying on point doses for evaluating plan is not sufficient. 

When volumetric information was analyzed, many other authors have shown that the point 

dose defined by the ICRU 38 does not correlate with the maximum point dose in the rectum 
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and bladder. 38-42 and in most cases ICRU points were underestimating the maximum dose 

received by the organ.  

In a survey of radiation centers, Potter et al. found that the majority of centers did not find 

any correlation between ICRU bladder dose and bladder complication rate. He also reported 

in the same survey that the majority of the centers used their own rectal point and that they 

did find a correlation between rectal dose and rectal complications.42 Some other authors 

have found no correlation between these points and complication rates.27 Overall, there is no 

agreement in this matter in the community of radiation oncology. This might be related to the 

lack of volumetric data for these organs and daily setup variations.  

Analyzing volumetric data, some authors have compared ICRU point doses to maximum 

doses obtained from 3D plans and found that the true maximum dose to be 8 times higher 

than ICRU dose.38 Even though in this project a similar result was confirmed, these data were 

not presented, instead traditional maximum dose (point dose) for rectum and bladder were 

compared to minimum dose to 0.5 cc volume of these organs. The rationale for doing so was 

that if point dose was the true maximum dose of the HDR plan, then this point should have 

been equal if not greater than the minimum dose to 0.5 cc volume. As discussed earlier, since 

traditional point doses are placed manually, there might be a few mm errors in placement of 

these points. Therefore, comparing these points to numerous points in a collective volume of 

0.5 cc will minimize this error.  

Figures 45 and 46 clearly showed that the traditional point doses do not estimate the 

maximum dose to the bladder and rectum accurately. As mentioned earlier, there have been 

difficulties in relating rectal and bladder point doses to complication rates for these organs. 
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Underestimating doses to these points, in most cases, and overestimating, in some, has 

contributed to this factor. Perhaps, the relationship between dose and complication rates for 

the rectum and bladder lies in the irradiated volume of these organs. Therefore, volumetric 

information should be collected and followed up with complication rates. In fact this need 

has been recognized in the radiation oncology community and there are proposed guidelines 

for reporting maximum doses to 1, 2, and 5 cc of contiguous volume of rectum and bladder 

when volumetric information is available.36

When drawing volumes in the treatment planning system, correct knowledge and 

visualization of the organ boundary is important. It is difficult at times to delineate rectum 

and bladder on CT images. The amount of contrast in the bladder and artifacts due to the CT 

image might influence the operator in drawing these organs. Saarnak et al. reported average 

33% variation in the rectal volume and 10% in bladder volume when 3 people delineated 

rectum and bladder volumes on ten patients.43 Even though, it was also reported that this did 

not affect the dose to the 2 cc and 5 cc volumes more than 11% .43 Correct contouring of 

critical organs is very important especially for external beam planning and inverse planning. 

As mentioned earlier, the planning system relies on these contours to design segments for 

each beam and to weigh each segment. If the boundary is not very clear, planning might be 

compromised. If normal tissues are contoured and treated like critical organs, the beam 

weighting might be affected. There was difficulty with contouring the bladder in two patients 

in this study. In these two cases, the bladder volume was pushed to one side (normally 

bladder is in the middle of the pelvis). In addition, contrast and CT artifact made it very 

difficult to see the outline of the bladder. Due to lack of direct communications between the 
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two planning systems (HDR and external beam systems) rectum, bladder, and femoral heads 

were contoured separately in each treatment planning system. Since both planning computers 

had the same CT data set for each patient, the contour of each structure was compared slice 

by slice between the two systems and it was made sure that the total volume of each structure 

was within ±2% between two planning systems.  

There is also discussion in the literature regarding whether the dose to the whole volume of 

the rectum and bladder should be recorded or only the dose to their wall. Since the volume of 

these organs varies a lot depending on the status of their filling, some have argued that Dose 

Wall Histogram (DWH) is a more accurate representation of organ dose. The image-guided 

brachytherapy working group also recommends that dose to the rectum and bladder wall 

should be reported.36 However, some authors have shown that for volumes up to 2 cm3, the 

dose wall histogram do not differ much from dose volume histogram.37 In this research 

project dose volume histogram was evaluated due to the limitation of the HDR planning 

system in generating the wall.  

In most places, including this project, the rectum is contoured from the ischial tuberosity to 

sigmoid colon. This works very well in most cases, however, there are anatomical variations 

which place the sigmoid colon next to the tandem. There were two patients in the study 

where the sigmoid colon was very close to the tandem and, hence, getting a large dose. For 

those patients, the sigmoid colon was contoured and was given appropriate objectives for 

planning with external beam. As mentioned previously, extra care must be taken to contour 

critical organs when planning with external beam. 
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The rectum is considered a linear tubular structure in which functional subunits (FSUs) are 

organized in a series, like a chain. Damage to a complete segment will affect the rest of the 

chain.44 Therefore, when analyzing the DVH for rectum, the isodose distribution in each 

plane should be evaluated as well. If the dose is too high to a small volume, the location of 

the volume should be evaluated. For example, high dose to the anterior part of the rectum in 

the vicinity of the tumor might be acceptable as long as the posterior part of the rectum at the 

same location does not receive high dose.  The catastrophe would be when the dose is high 

enough to totally disrupt the function of a linearly organized structure.45 For example, fig. 47 

shows that anterior part of rectum was exposed to the full prescription dose of 3250 cGy; 

however, the opposite side received less than 1000 cGy. 

 

Figure 47: Transverse isodose distribution of an IM-SBRT plan for one of the patients. Dose to the 
anterior part of the rectum is high; however, dose to the posterior part is low. 

The minimum dose to small volumes of 0.5, 1, 2, and 5 cc for five patients resulted in 20 

data. Overall results of comparing dose to these 20 volumes of the rectum and bladder 

showed that SBRT gave the same or less dose to the rectum and bladder compared to HDR in 
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11/20 and 12/20 respectively. IM-SBRT gave the same or less dose to small volumes of 

rectum and bladder compared to HDR in 12/20 and 17/20 respectively.  

Overall, rectum DVH analysis showed that IM-SBRT gave a similar dose to the rectum for 

two patients and slightly more dose in three patients when compared to the HDR plan. On the 

other hand, SBRT gave a similar dose in one patient to the rectum and gave more dose in the 

rest compared to the HDR plan. Overall results of DVH analysis showed that IM-SBRT gave 

slightly less dose to the bladder in patients 4 and 5, slightly more dose to the bladder for 

patients 1 and 2 and a similar dose for patient 3 compared to the HDR plans. SBRT planning, 

on the other hand, lagged behind the other two types of plans. When comparing DVH’s, the 

emphasis should be on the high dose region since dose to this region would likely correlate 

with complication rates for rectum and bladder. Out of ten DVHs available in this research 

(two for each patient), in the high dose region area, there was close agreement between the 

HDR DVHs and those from the IM-SBRT plans in seven cases.  When Molla et al. did 

stereotactic treatment for GYN similar to this project, it was reported that bladder DVH was 

better for HDR plans compared to the external beam plans.46 Shape of tumor volume, number 

of patients evaluated and Planning Target Volume (PTV) margin could explain this 

difference. In their project, a 6-10 mm PTV margin was used. In addition, comparison was 

only made for two patients out of 16. On the other hand, Low et al. found both rectum and 

bladder dose were improved using IMRT planning compared to HDR planning in analyzing 

three patients.47 Each patient might have a different DVH depending on their anatomy and 

tumor volume. Improvement or lack of improvement in DVH between HDR plans and 

external beam plans would depend on many factors and would require large clinical trials 
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before generalizing the results to all the patients. For example, in this research, since the 

CTV volume was transferred from the HDR plan as the volume encompassed by prescription 

line, in some patients, a part of the rectum was included in the CTV. However, in the actual 

patient, the cervical tumor was confined to the cervix and did not extend into the rectum. If 

the CTV was only confined to the cervix, the dose to rectum would have been different. 

FEMORAL HEADS 

Femoral heads are located farther from the implant than rectum and bladder and usually get 

the lowest dose in HDR plans. However, if the implant is tilted to one side, one receives 

more dose than the other. In this case, HDR is limited to spread dose between both femoral 

heads. Even though the assumption was that femoral heads received less dose in the HDR 

plan, this was not the case for all patients in this study. There were cases where femoral 

heads received a similar dose or less dose by both SBRT and IM-SBRT plan. The ability to 

modulate the beam gives the planner the freedom to design the treatment. Since femoral 

heads were not the high priority on the list, in some patients, these structures received more 

dose. This extra dose is unlikely to be clinically relevant as most external beam protocols 

allow a much higher dose than this to the femoral heads.  

Some authors have reported a slightly increased risk of pelvic fractures in older women after 

radiotherapy; 48  In that study, it was shown that this risk was higher for patients with anal 

cancer rather than cervical cancer. In addition, total dose, treatment fields and method of 

radiation delivery was not specified. The femoral head doses that would be delivered by this 

technique are significantly less than the doses delivered to prostate patients with a conformal 

6 field technique. Also IM-SBRT can be used to lower the dose received by structures such 
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as the femoral heads, as compared to what these structures receive when conventional HDR 

plans are used.  Based on existing clinical data there is no rationale for expecting an 

increased risk of fractures or other clinically significant morbidities. 

DOSE DISTRIBUTION PATTERN 

It is understood that the dose distribution of an HDR plan is different than that of an external 

beam plan. In external beam plans, a large volume of tissue falls in the low dose region while 

in HDR, dose falloff is rapid as distance increases from the center of the implant. Generally, 

physicians find this to be a compromise. Currently most radiation oncologists favor the 

benefits gained by increasing dose to tumor volume and allowing larger volumes of normal 

tissue receive low doses. 

MONITOR UNITS 

With the introduction of intensity modulation for external beam plans in the clinics, the 

number of MUs for each plan has increased, and typically doubled. This increase in MUs has 

not alarmed the physicians because the benefits gained from intensity modulation are many. 

In this project, the MUs required to deliver a modulated plan were approximately twice that 

of an unmodulated plan. This is similar to what is seen when treating with conventional 

fractionation using IMRT. When using IMRT, a concern is the increased scatter due to the 

increased MUs delivered and increased interleaf leakage due to multiple segments in an 

IMRT plan.  Hall and Wuu speculate that due to higher integral dose, increased MU and 

increased scatter, the probability of a second cancer would almost double with IMRT plans in 

the next ten years.49 This speculation is based on old studies in which the modern techniques 

were not in use. The increased leakage dose to the patient by introducing IMRT into this 
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study was about 10 – 20 cGy.  Therefore, for now, the physician colleagues are encouraged 

to ignore this minute dose to outside of the target volume. As mentioned earlier, benefits 

from intensity modulated treatments has outweighed potential problems like increasing MU.  

MAXIMUM TUMOR DOSE (HOTSPOTS) 

Usually the goal of external beam planning is to create a homogenous target dose. Even 

though in this project the dose to target was allowed to be heterogeneous, the maximum dose 

did not approach that of HDR plans. As others have mentioned the success of brachytherapy 

for local control might have been as a result of the very high dose around the applicator.33,47  

This needs to be tested in clinical trials.  

LOCALIZATION 

In this section, an explanation is given as to why a localization device and what kind of 

device is needed when treating cervical cancer patients to high dose. At the current time, 

most treatments are done using a fixed CT data set. When radiation leaves a teletherapy 

machine, it is important to conform the radiation to the target and not irradiate the normal 

tissue, so daily reproducibility of the target volume is important. 

In brachytherapy, the source is inside the patient and does not travel much to get to the 

intended area and so long as the applicator is inserted correctly, the assumption is that the 

geometry is fixed and it does not change from day to day.  For this reason, many centers only 

perform dosimetric evaluation on the first insertion and use the same data for the following 

fractions assuming that the geometry is fixed.34 It has been shown that this is not a valid 

assumption because type of anesthesia, vaginal packing, tenaculum attachment to the cervix 

in caudad retraction, and variation in the tumor size can create interfractional movements of 
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the applicator relative to the target volume and normal tissues from day to day.34,50,51 In a not 

so unusual case, Coltart et al. observed uterine perforation one day after the position of the 

applicator was verified with orthogonal films.52  

In order to overcome these problems and use linacs for treatment, there is a need to establish 

a reliable localization system. An external beam treatment is planned based on a fixed point 

in the space relative to the linac (isocenter). The linac rotates 360 degrees around this point in 

space axially and a limited range of angles in non-coplanar space by couch rotation. All of 

the beams created in the external beam treatment planning system are centered on the 

isocenter as well. The opening and closing of each segment (modulation of the beam) is 

relative to this point. The isocenter is usually placed inside the target volume. If for any 

reason this point in space does not match with the point inside the patient which was 

originally planned, the radiation will deposit its dose in a different volume. The 

consequences of this are not acceptable for high dose irradiation, given in a few large 

fractions. Therefore, all efforts should be made to ensure that the planning isocenter and the 

treatment isocenter coincide.  

A localization system works best if it is placed inside the patient near the target volume so it 

represents the positions of internal organs like the uterus, vagina and cervix. Using boney 

landmarks has been the conventional method of aligning these organs. Low et al. proposed a 

custom-fabricated applicator in place of a GYN applicator for the purpose of treating GYN 

patients with teletherapy.47 Such a device should also be able to retract the rectum and 

increase the distance between the uterus and the rectum. Packing was traditionally used to 

push the rectum and bladder away from the radioactive sources. Since packing is a source of 
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interfractional movement, it is best not to use packing to achieve good dosimetry. Instead 

some other methods can be used. For example, a rectal retractor or rectal balloon can be used 

and the distance between the rectal retractor and the localizing device can be controlled in 

predefined steps (indexing). This method will probably help physicians to achieve 

reproducible insertions as well. 

This localizing device can be inserted in the uterus and vagina before each treatment and be 

taken out after the treatment, similar to ring-tandem applicator. Radio-opaque internal 

markers, which can be seen with radiographs or CT, can be placed on this localizing device. 

The relationship of the organs and applicator to each other and to the original planning CT 

would provide an accurate position of the internal organs. Modern linacs are equipped with 

imaging modalities which make image guided radiotherapy more convenient than before. 

Imaging prior to each treatment is mandated in treating patients with stereotactic treatments 

because a very high dose is delivered in each fraction. Assurance of the high dose being 

delivered to the correct volume is necessary. Not only will imaging help to localize the 

treatment fields, but, it may also give information about the tumor size. Tumor shrinkage, in 

some cases, is another cause of interfractional movement; 31,53  By using image-guided 

techniques, volume fluctuation of the tumor can be seen.  

The fluctuation of the bladder volume is also a source of interfractional movement since it 

affects the movement of the uterus.54 In this research, a constant volume of fluid in the 

bladder was proposed in conjunction with the localizing device. For this purpose the bladder 

content can be emptied using a catheter and a specified volume of saline can be added. By 
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doing so, the geometry of the bladder can be kept constant from day to day and hence, 

maximizing the geometric reproducibility of the organ.  

Another factor to consider when analyzing dose to normal tissue is the expansion of CTV. 

Due to the proposed localization and proposed daily imaging in this project, the CTV was not 

expanded to create a PTV. Therefore PTV and CTV were of equal volume for this project. If 

this were not the case, greater amount of normal tissue would be exposed to unnecessary 

irradiation. The following example demonstrates the importance of margin reduction. The 

CTV volume of one of the patients (77 cc) was expanded by 3 mm to create a PTV. 3D 

expansion of this volume resulted in a new volume of 114 cc, a 48% increase in its original 

volume. Tumor shapes are irregular and change from slice to slice on CT data. 3D expansion 

is a geometric expansion which considers the tumor volume in slices above and below when 

expanding the volume. In this case, only a small amount of expansion (3 mm) resulted in a 

48% increase of the volume (37 cc). By keeping the PTV margin at zero, in this case, 37 cc 

of the normal tissues were spared from the high dose of the prescription. Using the modern 

technologies to keep the PTV margin close to zero, could potentially give the physician the 

ability to escalate the dose to the tumor while sparing the normal tissues and increasing the 

survival rates for advanced stages of cervical tumors. 

 

 

 



 

CHAPTER FIVE 
Conclusions and Future 

 
CONCLUSION 

Cervical cancer is the second most common malignancy in women worldwide. In some cases 

of cervical cancer definitive radiotherapy is a treatment of choice. In these cases a 

brachytherapy boost is an essential component for local control of the tumor. Normally, this 

boost is given after external beam therapy by specialized brachytherapy machines like the 

HDR unit. In this research project, the feasibility of replacing HDR with external beam 

therapy was evaluated. Two methods of planning (SBRT and IM-SBRT) were evaluated on 5 

patients. 

It was shown that both external beam plans were able to provide similar coverage of the CTV 

compared to HDR.  At least, 98% of the CTV was covered by the prescription dose in the 

external beam plans. This was the main goal of the study and this goal was met. Along with 

the dose to the target volume, the dose to the normal tissue was analyzed too. The rectum and 

bladder received similar doses from the IM-SBRT method compared to the HDR planning, 

though these organs received slightly higher doses from the SBRT plan compared to the 

HDR plan. Dose to the femoral heads increased slightly in the external beam plans; however, 

the total dose was not high enough to create any clinical concerns. Overall, it was shown that 

it is possible to replace HDR with external beam planning. In addition, comparing the 

traditional point dose system for evaluating an HDR to volumetric data proved that the 

traditional system does not predict the maximum dose to the rectum and bladder. Therefore, 
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it is recommended that whenever CT data is available for planning HDR, the rectum and 

bladder should be contoured and a DVH for these organs be evaluated. 

There are many advantages to replacing HDR with external beam planning. First, since linacs 

are available in every cancer center, even in developing countries or rural areas, with the 

addition of some accessories such as MLC and imaging devices, linacs can be used to treat 

cervical cancers with the same dosimetric benefits as HDR. This makes the standard of care 

more accessible to females worldwide and has the potential to improve local control and 

hence, reduce the number of cervical cancer deaths worldwide. 

Second, survival rates for advanced cervical cancers are between 10-25%. One reason for 

this is the large size of these tumors. These tumors cannot be adequately covered by an HDR 

dose distribution because HDR optimization is limited. If the dwell time is increased to treat 

large tumors, normal organs are exposed to higher dose as well. HDR optimization lacks the 

ability to modulate the dose to different organs. If HDR is replaced with IM-SBRT, tumor 

coverage can be improved regardless of tumor size. External beam optimization is superior to 

HDR. The beam intensity can be changed in different sections of each beam and by doing so, 

the dose distribution can be conformed around the tumor volume and normal tissues will be 

spared. Overall, external beam has a great potential to treat large tumors and hence, increase 

survival rates for these types of tumors.   

Third, irregularly shaped tumors currently cannot be treated with HDR alone due to the 

limitation of HDR optimization. HDR lacks the ability to differentially expose one side and 

spare the other side of the body. However, this is not an issue when external beam is used. 

The intensity of the radiation can be changed on different sections of multiple beams aiming 
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at the target volume. Therefore, irregularly shaped tumors can easily be treated with IM-

SBRT planning method. Perhaps, in addition to better local control and increasing survival 

rates, this will provide simpler treatment for irregular shaped tumors as well. Currently, in 

addition to an intracavitary implant to treat irregular shaped tumors, other methods such as 

interstitial needle implant are used to boost low dose volumes. If HDR is replaced by external 

beam, there is no need to do an extra procedure such as interstitial needle implants for 

irregularly shaped tumors.  

FUTURE 

In the future, the proposed localization device in this project should be built and implemented 

into the clinics for delivering stereotactic radiation therapy. The basic design should be such 

that it localizes the tumor and normal tissue surrounding the tumor. It should be reproducible 

on a daily basis and should be imaged easily. The insertion should be comfortable for the 

patient as well.  

The traditionally shaped CTV was used in this project. However, with the availability of 

imaging modalities, this topic should be studied further. It has been shown that for cervical 

cancer the CT based tumor volume was larger than the MRI volume by a factor of 1.2.55 On 

the other hand MRI findings might be affected due to radiation necrosis or increased edema 

after external beam therapy.23 In addition, there are inter-observer variations in delineating 

the tumor volume using the same modality.30 Positron Emission Tomography (PET) imaging 

can be used to identify cervical tumors 56  and perhaps it will be one of the common 

modalities to be used for delineating cervical tumors in the future. The shape and volume of 

the target affects the dose to the normal tissue adjacent to it. As more imaging modalities find 

 



72 
their way into the clinics, better estimates of cervical tumors are obtained and this will affect 

the prescription dose, local control and normal tissue complications. The traditional 

assumption of a pear-shaped tumor volume does not hold true if the actual tumor volume can 

be seen using MRI, PET or other modalities. In these cases, the ability of external beam 

planning to modulate beams to different shapes and sizes would be a great asset. 

With the incorporation of imaging modalities into the clinics, the dose to volumes of organs 

(DVH) will be reported instead of traditional doses to rectal or bladder points. Therefore, 

normal tissue complication rates would correlate better with the dose to these organs. A 

better understanding of normal tissue complication rates would open the way for the dose 

escalation of tumor volumes. Dose escalation will probably increase survival rates for 

advanced cervical tumors. 

 Introducing external beam therapy as a substitute for HDR into clinics on a large scale 

represents a significant shift in the treatment technique and would require well designed and 

executed clinical trials as well.  

Recently, U.S. Federal Drug Administration (FDA) approved Gardasil vaccine against 

human papillomavirus (HPV) types 6, 11, 16, and 18.57 Infection with HPV has known to 

cause cervical cancer. Would this vaccine reduce the number of cervical cancers 

tremendously in the future? If this happens, specialized machines like HDR may not be 

affordable for even large centers due to reduction in their workload. Using linacs for 

treatment of cervical cancers not only will create better optimization for cervical tumors but 

may also be necessary from an economic standpoint if the number of cervical cancers drops 

greatly. 
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