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CHAPTER - 1 

INTRODUCTION 



INTRODUCTION 

GENERAL INTRODUCTION 

Radiotherapy is one of the most important methods to treat cancer 

disease. Radiotherapy can be given alone to the tumour or together with 

other methods like surgery and chemotherapy. Meticulous planning and 

careful implementation of the treatment is highly essential to get good results 

of radiotherapy. Dosimetry studies help to find out whether the dose 

prescribed which is essential for destroying the tumour, is received by the 

tumour cells. In addition such studies help to deliver the dose to the exact 

position without giving much dose to the surrounding normal cells. 

Radiotherapy mainly has two parts viz., - external radiotherapy and 

brachytherapy. In external beam therapy the tumour is at a particular 

distance from the source of radiation. Here the radiation passes through 

different media before reaching the tumour. In the patient, the radiation 

passes through skin and other normal tissues along its path before reaching 

the tumour which is usually at a depth inside the patient. This causes 

attenuation of radiation. 

Low energy megavoltage beams like cobalt -60 gamma rays, 4 to 6 

MV accelerator generated X-rays are usually used for relatively shallow or 

moderately deep tumours such as, head and neck tumour, breast tumours 

and tumours in extremities. Beams are directed towards the tumour in 

different ways. Single beam and multiple beams are used for the treatment 

depending on the site and depth of the tumours. Multiple beams are usually 

given to deep seated tumours like carcinoma cervix, carcinoma esophagus 

and carcinoma stomach. This helps to reduce dose to normal cells through 

which the radiation passes before reaching the tumour. In the case of 

multiple beams, parallel beam technique is the most commonly used in 

external radiotherapy. For parallel opposite beams, the body thickness 



should not exceed 17cm. This limit on the distance is decided by the ratio of 

maximum peripheral dose to midline dose[']. 

X-ray beams in the energy range of 10 to 25MV allow optimal 

treatment techniques for deep seated tumours like in thorax, abdomen and 

pelvis. Here the tumour gets more dose while sparing the skin and other 

normal tissues. Here also as in the case of low energy beam the ratio of 

maximum peripheral dose to mid line dose is an important factor to be 

considered. Superficial tumour at a depth of about 5cm can be treated by 

electron beams. Electron beam energy in the range of 6 to 20 MeV is usually 

used for this therapy. These beams are often used in conjunction with X-ray 

beams either as a boost or a mixed beam treatment. The depth dose 

distribution of electron beam is in such a way that it can be treated for 

superficial tumour without giving much dose to normal tissues beyond the 

tumour. It is used for skin, lip and chest wall irradiation. 

Brachytherapy 

Brachytherapy is another method of radiotherapy. Some tumours are 

best treated by brachytherapy alone or in conjunction with external beam. It 

can be used in cases like carcinoma cervix, endometrium, esophagus, oral 

cancers and breast cancersw. In brachytherapy the source is near to the 

tumour. The radiation is attenuated very fast as it goes away from the source 

in to the tissue. Therefore the tumour gets more dose while surrounding 

tissues get very little dose in the case of brachytherapy. The present study 

concerns the cancer treatment by an external beam therapy. 

New techniques 

In conventional radiotherapy, cobalt therapy machines and linear 

accelerators are used for the treatment of tumors. But new techniques such 

as Intensity Modulated Radiotherapy (IMRT)[~], Conformal ~adiotherapy~~], 



Image Guided ~ a d i o t h e r a p y ( l ~ R ~ ) ~ l  and ~ornotherapy[~] have opened a 

wide range of treatment methods in external Radiotherapy. Although all 

diagnostic imaging equipment have some role in defining and localizing 

target volume to be treated, the new imaging equipments like Computed 

Tomography (cT)"], Magnetic Resonance lmaging (MRI)['~, Conventional 

~imulators[~], Computed tomography simulators['01 and Positron Emission 

Tomography (PET)["] have important roles in the development of 

radiotherapy. There are two dimensional (2D) treatment planning systems 

and three dimensional (3D) treatment planning systems. Before the 

treatment of cancer, planning is done in a treatment planning system such as 

2D or 3D systems. This is used especially when multiple beams are used for 

radiation therapy and for electron beam therapy. When images from 

Computed Tomography (CT), Magnetic Resonance lmaging (MRI) are taken, 

3D planning system helps to view the tumour and other near by organs three 

dimensionally and to achieve a definite plan to give high dose to tumour and 

relatively negligible dose to the other normal organs. This is the advantage 

of a 3D planning system. Both 2D and 3D planning systems help to 

accurately deliver radiation dose to the tumour. However, Economic 

restrictions, staff requirements, have made these modern techniques, confine 

only to a few institutions and are therefore beneficial only to a few patients. 

The main aim of radiotherapy is to kill all tumour cells while sparing 

normal cells surrounding the tumour tissue. Careful planning is a process that 

involves the determination of treatment parameters considered optimal in the 

management of a patient's disease. These parameters include target volume, 

dose limiting structures, treatment volume, dose prescription, dose 

fractionation, dose distribution, positioning of the patient, treatment machine 

settings and adjuvant therapies. 

Target volume includes tumour and its occult spread to the ,--------.- - 
surrounding tissues or lymphocytes In addition to target volume we also 

have to consider treatment volume for radiotherapy. The treatment volume 



should be larger than the target volume to allow for limitations of the 

treatment techniques. In conventional radiotherapy, the treatment volume is 

larger than that in the case of special new techniques like Intensity 

Modulated Radiotherapy (IMRT), radio surgery['21, conformal therapy and 

other new methods of treatment. In external beam therapy target volume and 

treatment volume help to set the field size in the therapy machines, before 

the treatment begins. 

Dosimetry 

Radiation dosimetry deals with methods for a quantitative 

determination of energy deposited in a given medium by directly or indirectly 

ionizing radiations. Dosimetry helps to verify the dose actually delivered to 

the tumour, skin, different organs and at points of interest. A number of 

quantities and units have been defined for describing radiation beam. These 

are particle fluence, energy fluence, particle fluence rate and energy fluence 

rate. The energy of photons is imparted to matter in a two stage process. In 

the first stage, the photon transfers energy to the secondary charged 

particles (electrons) through various interactions such as the photoelectric 

effect, the Compton effect, pair production and Raleigh's scattering. In the 

second stage, the charged particles namely the electrons produced as a 

result of primary interaction, transfer energy to the medium through atomic 

excitations and ionizations. The average amount of energy transferred 

indirectly from Ionizing radiations such as electromagnetic radiations to 

directly ionizing radiations such as secondary electrons without concern as to 

what happens after this transfer is called Kerma. The kerma is defined as the 

mean energy (dE) transferred from the electromagnetic radiation to charged 

particles (electrons) in the medium per unit mass dm (dE/dm).The unit of 

kerma is joule per kilogram (Jlkg). kerma has the units of Gray (Gy), where l 

Gy = 1 Jlkg. 



Cema (Converted energy per unit mass) is another quantity applicable 

to directly ionizing radiations such as charged particles. The cema C is the 

quotient of dEJdm, where dEc is the energy lost by the primary charged 

particles. The unit of cema is Gray (Gy). 

Absorbed dose is total energy absorbed by the medium due to both 

indirectly and directly ionizing radiations. For indirectly ionizing radiations, 

energy is imparted to matter in a two step process. In the first step (resulting 

in kerma), the indirectly ionizing radiation transfers energy as kinetic energy 

to secondary charged particles. In the second step, these charged particles 

transfer some of their kinetic energy to the medium (resulting in absorbed 

dose) and lose some of their energy in the form of radiative losses 

(bremsstrahlung, annihilation in flight). The absorbed dose is defined as the 

mean energy e imparted by ionizing radiation to matter of mass m.The 

energy imparted, e, is the difference between the incident energy and the 

energy lost. The absorbed dose is conventionally expressed in units of Gray 

(GY). 

A dosimetric evaluation helps to find out the dose received by the 

patient during treatment, with different treatment techniques and allows 

optimization of the dose. There are different methods by which dose can be 

measured. Thermoluminescent dosimeters, different type of detectors and 

even treatment planning system help to do the dosimetry in radiotherapy. 

There are different methods by which dosimetry can be carried out. A 

radiation dosimeter is a device that measures either directly or indirectly, the 

quantities such as (1) exposure, (2) kerma, (3) absorbed dose or their time 

derivatives (rates), or related quantities of ionizing radiation. A dosimeter 

along with its reader is referred to as a dosimetry system. 

There are different methods by which dosimetry can be carried out. 

One of the important methods is thermoluminicent (TLD) dosimetry. TLD's 



are certain crystalline substances used for the dosimetry. These dosimeters 

come in different shapes and types. Calcium Sulphate doped with 

Dysprosium (CaS04:Dy) and Lithium ~ l u o r i d e ( ~ i ~ ) ~ ' ~ ]  are some of the typical 

TLD dosimeters. They are available in the shape of powder, chips and rods. 

These substances when exposed to radiation absorb the energy and when 

heated re-emit energy as light which can be measured using appropriate 

measuring instruments. 

Solid state diodes were also used as dosimeters where the dose S' 
absorbed can be directly converted to charge and calibrated to known dose. 

These are used for instant dose measurement. However its accuracy is less 

than thermoluminescent dosimeters. Most of the dosimetric studies in the 

present investigations have been carried out using thermo luminescent 

dosimeters 

Dose at different points can be checked with computer planting 

system. Planning System helps to get an optimum plan before treatment of 

cancer. In this, the dose at different points can be measured. A 3D planning 

system allows viewing the tumour three dimensionally and helps to get a 

thorough planning without giving much dose to the normal tissue. 

There are different methods by which absorbed dose can be 

calculated in a medium1141. Accurate measurement of the dose received at 

any point allows to have a good planning and good result of radiotherapy 

treatment. Apart from accuracy of the dose at the point concerned, a uniform 

dose distribution within the target volume is also crucial for successful 

radiotherapy. The dose evaluation is especially necessary in the case of 

complex field geometry like head and neck fields and tangential field of 

breast treatment. It is generally accepted that variance in the dose delivered 

to the patient should be no more than 5% at the reference point1151. Later in 

an ICRU report[16] it is recommended that dose homogeneity between -5% 



and +7% of the prescribed dose throughout the Planned Target Volume 

(PTV) can be accepted. 

To achieve this limit, thorough planning, setting of the patient in the 

machine and optimization of machine parameters are required. Dosimetric 

studies help verify the accuracy of dose delivery. 

Most of the cancer cases are treated by radiotherapy. In some cases 

all the three important cancer treatment methods like surgery, chemotherapy 

and radiotherapy are used. Head and neck cancers, abdominal cancers and 

breast cancers are treated by radiotherapy. The site, shape and depth of the 

tumour make it necessary to do a dosimetry to deliver accurate dose to the 

tumour. 

The present study confines to the breast cancer treatment and the 

dosimetry is carried out in the case of external bean1 therapy of carcinoma 

breast. The shape and site of the tumor require thorough planning and 

implementation. In the case of breast cancer, the contour of the patient and 

the under lying sensitive organs make it essential for careful planning of the 

treatment, for having good results. 

INTRODUCTION TO SPECIFIC PROBLEMS OF STUDY 

Breast Cancer is the second most common cancer, in women, in India 

after carcinoma cervix. Heyes et al[I7' in their work reported that even low 

energy X-Rays in mammography, used for breast cancer screening program, 

may lead to breast cancer. Also it depends on the age of the patient at 

menarche, menopause and the first pregnancy. Later onset of menarche, 

which is associated with a delay in the beginning of regular cycles, suggests 

a 20% decrease in breast cancer risk for every year delayed. In the case of 

menopause, women below 45 years of age have a relative risk of 0.73 than 

women who developed menopause between the ages of 45 and 54. This 



information shows that it is the total duration of estrogen exposure that 

affects the risk of breast cancer["]. 

The risk of breast cancer is also affected by factors that influence the 

hormonal cycles, including parity and the age at the birth of first child. 

Nulliparous woman and women who have first child after the age of 30 also 

are in the high risk group of breast cancer. In addition breast cancer is 

hereditary. Chance of women having breast cancer is high if she has a 

strong family history of breast cancer. 

According to the extent of the disease there are different stages of 

disease. This staging is important to estimate the prognosis and the method 

of treatment. Both treatment and outcome are dependent on the stage and 

histological type of tumour. 

Staging 

There are two widely accepted staging systems for breast cancer. 

They are the American Joint Commission on Cancer (AJCC) - Union 

International Centre le Cancer (UICC) and the Columbia Clinical 

Classification (CCC). UICC, AJCC is commonly used in our country. This is 

based on TNM system. TNM system is Tumour, Node and Metastasis (TNM) 

system. Here, different stages of breast cancer are mentioned according to 

extension of tumour, nodal involvement and presence of metastasis. The 

staging is as shown below: 



Primary Tumor (T) 

TX 

TO 

Tis 

Primary tumor cannot be assessed 

No evidence of primary tumor 

Carcinoma in situ: lnteraductal carcinoma, labular 

carcinoma in Situ, or paget's disease of the nipple with no 

tumor 

Tumor of 2cm or less in greatest dimension 

More than 0.5cm but not more than Icm to greatest 

dimension 

Tumor more than 2cm but not more than 5cm to greatest 

Dimension 

Tumor more than 5cm in greatest Dimension 

Tumor of any size with direct extension to chest wall or skin 

Extension to chest wall 

Edema (including peau d'orange) or ulceration of the skin 

Of breast or satellite skin nodules confined to same breast 

Both T4a and T4b 

Inflammatory carcinoma 

Lymph Node (N) 

NX Regional lymph nodes cannot be assessed (e.g. previously 

removed) 

NO No regional lymph node metastasis 

N I  Metastasis to movable ipsilateral axillary lymph node(s) 

N2 Metastasis to ipsilateral axillary lymph node(s) fixed to one 

another or to other structures 

N3 Metastasis to ipsilateral internal mammary lymph node(s) 



Pathologic Classification (pN) 

pNl bii 

pNl biii 

pNl biv 

Regional lymph nodes cannot be assured (e.g. previously 

removed, or not removed for pathologic study) 

No regional lymph node metastasis 

Metastasis to movable ipsilateral axillary lymph node (S) 

Only micrometastasis (none larger than 0.2cm) 

Metastasis to lymph nodes, any larger than 0.2cm 

Metastasis in 1 to 3 lymph nodes, any nodes more than 0.2cm 

in size and all less than 2cm in greatest dimension 

Metastasis to 4 or more lymph nodes, any nodes more than 

0.2cm in size and all less than 2cm in greatest dimension 

Extension of tumor beyond the capsule of a lymph nodes, 

metastasis less than 2cm in greatest dimension 

Metastasis to a lymph node 2cm or more in greatest 

dimension 

Metastasis to ipsilateral axillary lymph nodes that are fixed 

to one another or to other structures. 

Metastasis to ipsilateral internal mammary lymph node(s) 

Distant Metastasis (M) 

Presence of distant metastasis cannot be assessed. 

No distant metastasis 

Distant metastasis (includes metastasis to ipsilateral 

supraclavicular lymph node (S) 



Treatment of Carcinoma Breast 

Radiotherapy is often used after surgery for breast cancer treatment. It 

may occasionally be used before or instead of surgery. In India usually, 

radiation is given to the affected breast after surgery. Though there is a 

controversy over the adjuvant radiotherapy that it decreases the lifespan of 

the patient due to radiation toxicity, modern techniques significantly decrease 

the incidence of local recurrence like cardiac morbidity and lung pneumonitis. 

Adjuvant radiotherapy is the radiation treatment given to the tumour after 

surgery, chemotherapy or both where as Chemotherapy is treatment using 

medicine. 

Surgery is the definitive treatment for cancer and there are two types 

of surgery .One is mastectomy and the other is lumpectomy or Breast 

Conservative Surgery (BCS). Adjuvant chemotherapy is also given in most 

of the hospitals. The treatment depends on the stage of the d8ease. In 

mastectomy the whole breast is removed and in some cases axillary nodes 

are also removed. In Breast Conservative Surgery (BCS) only the tumour 

and some surrounding tissues are removed. Earlier, surgery was the only 

option for breast cancer. Radiotherapy is recommended in order to reduce 

local recurrence. It has been established that optimal tumour control could be 

achieved by routine post operative radiotherapy[lgl. 

Radiotherapy is recommended following Breast Conserva ive Surgery 
R4by 

and mastectomy. In the case of Breast Conservative Surgeryds usually given 

to the breast tissue to reduce the risk of the cancer coming back in that area. 

After mastectomy the chest wall is given a radiation dose as a curative dose 

known as Radical dose. Palliative dose is the radiation dose for pain relief. 



Radiotherapy after mastectomy 

During the later part of 19th century radical mastectomy was the only 

choice for breast cancer treatment. In the mid of 20th century, breast 

conservation surgery has taken a leading role in breast cancer treatment. 

Around the same time it was found that post operative radiotherapy reduces 

the risk of local recurrence[201. Until late 1970's post mastectomy radiotherapy 

was generally administered. Though this decreases local recurrence, it 

reduces the overall survival of patients. This is due to radiation toxicity like 

pneumonit$' of lung and cardio toxicity. Lung and heart are the two 

important organs in the case of carcinoma breast. The radiation tolerance of 

sensitive organs depends on the volume of organs in the radiation field. For 

example, tissue tolerance [2'1 221 of lung is 45Gy if 113 of the lung volume is 

involved, 30Gy if 213 is involved and 17.50gy if whole lung volume is 

involved. In the case of heart, the dose is 60Gy if 113 is involved, 45Gy if 213 

is involved and 40Gy if whole heart volume is involved. However new 

methods help to reduce dose to the lung and heart significantly. 

After mastectomy radiotherapy is given to the chest wall and 

appropriate draining regional nodes like axillary nodes and internal mammary 

nodes of the patient. The areas generally treated are chest wall, 

supraclavicular nodes and internal mammary nodes. The irradiation of 

internal mammary nodes depends on how much heart volume is in the 

radiation field, especially when cardiac toxicity is a concern[231. Similarly a full 

axilla may not always be included after a thorough axillary dissection. 

Usually the chest wall is treated with photon beams through tangential 

fields. Field given tangentially reduces the involvement of lung in the 

radiation field to a great extent. The tangential fields should be in such a way 

that, the superior border is the bottom of the head of the clavicle, medial 

border depends on whether or not the internal mammary chain is included for 

the treatment. The lateral border is usually the mid axillary line, which may 



encompass the mastectomy scar and the lower border is 1 to 2cm below the 

infra mammary fold. 

If internal mammary chain is included, the medial border of the 

tqngential field is extended across to 2 to 3 cm towards the contralateral 

d?ast ( opposite breast) or match with the electron beam field in the case of 
l 

electron beam therapy. If the internal mammary chain is not used, the medial 

border is midline, itself. 

Electron beams are also used to treat the chest wall. Here the beam 

is given directly, with appropriate field size, to the chest wall. A larger field at 

the surface is necessary to cover a target area adequately. The energy of the 

electron beam should be in such a way that the target volume lies within the 

90% of the isodose curve [241. ?, 

Radiotherapy after Breast Conservative Surgery 

Breast Conservative Surgery (BCS) has become a widely accepted 

treatment option in the management of early stage breast cancer. The aim of 

irradiation of the intact breast is to eradicate macroscopic disease at the site 

of tumour. The advantage of this, over mastectomy, is good cosmetic results. 

Here primary tumour should have the size less than 4 to 5cm and there 

should not be any evidence of gross multi-centricity (tumour with more than 

one centre) or diffuse micro calcification on both pathology and 

mammography studies. 

Radiotherapy after Breast Conservative Surgery (BCS) requires 

careful planning due to the complexity of the contour of patients. Here 

Radiation Therapy is conventionally delivered with tangential fields with 
i ' / 

\, Wedges are devices for modifying dose distributions. They are of 

the shape of a wedge and made up of dense materials such as lead or steel 

mounted on a transparent tray. Wedge fields reduce the dose inhomogeneity 



within the treatment volume. Supra Clavicular Fossa (SCF) and axilla are 

treated separately. An additional booster dose is given by electron beam 

where ever it is necessary. 

It is difficult to attain acceptable dose homogeneity across the whole 

breast in the case of conservative therapy. This is mainly due to the 

conditions like changes in the shape of the breast in multiplanes and the 

underlying organs. Careful planning is essential to achieve good results. 

There are controversies over the adjuvant radiotherapy in the case of 

carcinoma breast. It is observed that the adjuvant radiotherapy reduces local 

recurrence, but affects the over all survival rate of patients. The great 

concerns of adjuvant radiotherapy are mainly cardio vascular mortality after 

15-20 years and lung relapse. New techniques of breast irradiation including 

conformal therapy and IMRT (Intensity Modulated Radiotherapy) have shown 
c- 

to reduce i r radiat i~ i$~~'of  lung and Heart. The new treatment planning 

techniques using CT simulator and 3D planning improve the dose within the 

breast. 

Conformal Radiotherapy and lntensity Modulated Radiotherapy 

reduce dose to the normal cells around the tumour and give high dose to the 

tumour. These are mainly used in the early stage of breast cancer and when 

Breast Cancer Surgery is done. lntensity Modulated Radiotherapy after 

Breast Conservative Surgery, helps to maximize tumour control while 

minimizing damage to normal tissues than wedged therapy[*']. The facilities 

of Intensity Modulated Radiotherapy and electron beam are available only 

with Linear accelerators used for radiotherapy. The cost of these machines, 

the staff and the time to spend on each patient confines this treatment to only 

a few centers especially in India. Some beam-modifying techniques, using 

devices like wedges and half beam block available in conventional cobalt 

machines, reduces dose to lung and underlying heart. But these extra blocks 

in the path of the beam and near the skin of the patient increases skin dose 

due to scattering[281. 



Most of the patients come at a late stage of disease and added to 

this the IMRT and other new techniques are not available at a majority of the 

hospitals. Considering the cost factor and dearth of facilities of new 

techniques, conventional five field or four field techniques in the cobalt 

therapy machines are usually used in most places. 

Brachytherapy method is also useful in the case of chest wall 

irradiation. A careful planning is necessary for this technique. This technique 

gives very high dose to the tumour while the dose decreases very fast as the 

distance from the tumour or source increases. A small deviation from the 

path may give high dose to normal cells and sensitive organs and less dose 

to the tumour. This affects the functioning of lung and heart adversely. 

At Calicut Medical College there are about 250-300 breast cancer 

patients coming for radiotherapy treatment every year. Radiotherapy 

Department of Calicut Medical College occupies second place in the number 

of cancer patients for Radiotherapy treatment after Regional Cancer Centre, 

Thiruvananthapuram. Most of the Breast cancer patients coming for the 

treatment are of stage II or stage Ill. All the three methods like surgery, 

chemotherapy and radiotherapy are used for the treatment. Ninety five 

percentage of these cases are treated with radical mastectomy in the 

Radiotherapy Department of Calicut Medical College where two cobalt 

machines are available for the treatment. The present study of the dosimetry 

in carcinoma breast is carried out mainly with cobalt machines. 

Usually a conventional treatment with 4 field -5field technique is given 

for radiotherapy after mastectomy. This is to give the necessary dose to the 

chest wall in order to reduce the local recurrence. 

A dose of 5000cGy in 25 to 28 fractions over five and half weeks is 

usually used for the treatment of chest wall. Electrons are used to minimize 



dose to underlying organs like lung and heart. The electron energy is 

determined with the help of Computed Tomography treatment planning 

system to achieve 90% depth dose at 3 to 4cm. As large area of electron 

beams are used for the treatment, skin dose is high in some patients. To 

avoid this photon-electron- beam mix is also used. In this case a portion of 

the total dose is given with electron beam and the remaining dose with 

photon beam. 

I 

To irradiate supraclavicular and axillary nodes, single antereoposterior . it' 

' $ E .  P'" 

photon field is usually used. In some cases full axilla is not included in the b. ,.: 
-- - - -  t 

field[291. The field is setup in such a way that it includes midline, coracoid . ,i - . 
process, the head of the clavicular, the superior bo4rder of the chest wall. In + , l  ' 

1 

this approach, radiation to trachea, esophagus, spinal chord and larynx has 
/ - 

to be avoided 1301. For this either angled beam or blocks, to protect these 

organs, are used. Usually 5000cGy in 25-28 fractions at a depth of 3-5 cm 

are used for the treatment of nodes. 

For most patients irradiation of the full axilla will require additional 

separate posterior axillary port. In our laboratory,, a single dose is given as 

posterior axillary dose. ' I  

Carcinoma breast is treated in conventional method with 4 field or 5 

field techniques. This shows the complexity of the treatment in the case of 

Ca-breast. The treatment with radiation should never cause the radiation 

toxicity which affects the survival of the patient. 

In mastectomy, the chest wall is treated with two tangential radiation 

fields. Supraclavicular Fossa is treated with Anterior Posterior (AP) field and 

post axilla with a single surface dose method. In some cases internal 

mammary chain is treated separately. Dose homogeneity is difficult in the 

complex geometry of the breast. A dosimetry helps to verify whether these 

points received the prescribed dose. In modern techniques where Breast 



Cancer Surgery is common, the uniformity is more complex. The dose to the 

affected breast is not uniform through out the volume if we treat with 

conventional therapy. Wedged techniques, conformal therapy, Intensity 

Modulated Radiotherapy (IMRT) help to give a uniform dose to the target 

volume. A thorough treatment planning is necessary to achieve the goal. 

In the case of mastectomy, electron beam can also be used for 

treating the chest wall. The energy of the electron beam is selected 

according to the depth of the tumour bed which is the chest wall in the case 

of radical mastectomy of carcinoma breast. The dose should be uniform 

through out the tumour bed. The percentage of dose distribution which is 

given by an isodose line is taken for the dose calculation. lsodose line is the 

line which joins the points having the same dose. It is usually prescribed in 

percentage. 

Electron beam can be given along with photon beam which is used to 

irradiate Supra Clavicular Fossa. A 30 planning system helps to find the 

best dose distribution which gives less dose to lung and heart and high dose 

to tumour bedI3l1. 

In the case of Radiotherapy after Breast Conservative Surgery 

photons of 6MV are used for tangential beam and for axillary nodes if the 

nodes are to be treated. A booster dose is also given in areas wherever it is 

found that the dose is below the required value. This booster dose is given 

with smaller field to the area where the dose is found to be inadequate. This 

booster dose is given either with photons or with electrons. The combined 

dose distribution has to be viewed before the treatment. The 

thermoluminescent discs help to measure dosed at different points on the 

breast tissue. 

The complexity of shape, size of the target volume, necessitate for a 

thorough dosimetry in the case of breast cancer treatment. The upper part of 



lung will be lying under the chest at about 2cm. Therefore a tangential field 

may include a good part of lung in the radiation field. As lung tissues are very 

sensitive to radiation, lung pneumonitis is a sure after affect of 

r a d i a t i ~ n [ ~ ~ ] . ~ h e  volume of the lung in the field has to be reduced as much as 

possible as theaffects of radiation to lung depends on the volume of lung in 

the radiation field. A dosimetric evaluation of dose at different points, in the 

breast volume helps to find out the dose in lung and also whether the chest 

wall receives uniform dose or not. 

If the cancer is in the left breast, a large volume of the heart will also 

be present in the radiation field. A half beam block treatment helps to reduce 

the dose to heart as well as to the lung. 

The dose distribution should be homogenous to avoid areas of under 

dose or over dose, which result in insufficient tumour control, or late affects 

(fibrosis) and poor cosmetics. The two parameters which need careful 

consideration for treatment plans of breast radiotherapy are (1) the accuracy 

of the dose calculation and (2) the homogeneity of the close distribution. In 

addition to tangential fields, separate fields are given to the effected nodes. 

The radiation treatment to internal mammary (IM) nodes and extent to which 

axillary nodes are to be treated depends on clinical situations. If the nodes 

are to be treated, a separate radiation field is used for it. The radiation 

beams diverge as the distance increases from the source. Accordingly, there 

is a chance of crossing over of the two fields at a point on the patient surface 

if two fields are used. This causes high radiation at some areas or spots. 

These are known as hotspots. To avoid these hotspots beam separation can 

be used. However, this separation of beams causes lesser dose on the 

patient where the two field separation exists. This is usually known as cold 

spot. Therefore a separate field may cause either a hot spot or cold spot 

resulting in strong or weak dose at the margin where the two fields meet. 

Dosimetry with thermoluminescent dosimeters or with treatment planning 

systems helps to find out this dose inhomogeneity in this area. 



Now a days, New Techniques of treatment are available. Linaer 

accelerators are available in Regional Cancer Center (RCC), Trivandrum, 

India and Amrita Institute of medical Sciences (AIMS), Kochi, India. Some of 

the breast cancer patients are treated at these institutions, while majority of 

the cases are treated in the hospitals attached to the various Medical 

Colleges. The accelerators, Computed Tomography simulators and 30 

planning system help to give an accurate high dose to the tumour reducing at 

the same time dose to lung, heart and other normal cells. 

It is long known that Low energy radiation will cause late effects[331. 

When one breast is treated for cancer, there is a very high possibility for the 

other breast to get low radiation. This contralateral breast dose from primary 

breast irradiation has been found to be one of the main sources of secondary 

breast malignancies[34v 351. A half beam block, and wedge increase the 

electron contamination to skin and hence increases dose to the contralateral 

breast 1361. The dose to contralateral breast can be reduced if the distance 

from the block is increased. 

In the present investigations, we measured doses at different points in 

affected and contralateral breasts with conventional techniques as well as 

some new techniques of irradiation. The study was carried out with different 

therapy machines for comparison of dose in different machines and 

techniques. 

REVIEW OF LITERATURE 

Though Breast cancer is common, it is complicated from the point of 

view of treatment. The complexity is due to the shape of the breast and other 

organs near the tumour. Accordingly, extensive investigations have been 

carried out by several researchers across the globe to optimize the dose and 

reduce the side effects on the other organs. 
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Evaluation of lntensity modulated tangential Beam verses 

conventional tangential irradiation for Breast Cancer was reported by Huang 

et al[*']. They Compared the lntensity Modulated Radiotherapy with wedged 
; 

tangential field techniques. Huang measurements show lntensity Modulated 

Radiotherapy technique improves dose homogeneity through out the target 

volume of intact breast and reduces the dose to other organs. Bhatnagar et 

ali3']in their work with lntensity Modulated Radiotherapy technique reported 

that the primary breast size significantly affects the scattered dose to the 

contra lateral breast but not the ipsilateral lung or heart dose . Butler et 

a~.[~~]compared different techniques of radiotherapy for chest wall irradiation 

in the case of Breast Cancer . They suggested that the choice of technique 

should be based upon clinical discretion. In most of the centers in India, 

modern techniques are not available. Usually chest wall irradiation with ,? 

J L  

conventional 4 or 5 fields is used. Donovan et al developed a simple '! , -- - __ ___ ,---- \ ,  4 

method to analyze anatomical dose distribution in the breast volume of 800 ,. , 

patients treated with either standard wedged technique or intensity , 

modulated radiation therapy. They reported that lntensity modulated 

radiation therapy gives more dose homogeneity than wedged technique. Ma j l 8 '  : 
et a11401 carried out a comparative dosimetric study on tangential photon 

' 

beams in lntensity Modulated Radiotherapy (IMRT) and modulated electron 
L 

radiotherapy (MERT) for breast cancer treatment. A 5 Grey reduction in 

maximum dose to lung and heart is found over conventional method, when 

lntensity Modulated Radiotherapy is used. A reduction of dose up to 20~r,& 

to lung and heart could be achieved by MERT over conventional methods. 

Orecchia et al[291 in their work reached the conclusion that therapeutic doses 

are not really delivered to first level axillary nodes by standard tangential 

fields and so a specific treatment planning and beam arrangement are 

required when adequate coverage is necessary. 

Rufus et al[301 evaluated the results of five field technique in breast 

cancer using computed tomography image for planning. The five field 



technique described in their work provided good coverage to the breast and 

regional nodes with acceptable limits on toxicity and without requiring 3D 

treatment planning of Intensity Modulated Radiotherapy. Aref et all3'] brought 

out the importance of three dimensional planning in carcinoma breast to 

improve dosimetry. They evaluated the dosimetric differences between a 

simple radiation therapy plan utilizing a single contour and a more complex 

three dimensional (3D) plan utilizing multiple contours, lung inhomogeneity 

correction and dose based compensators. The 3D plan with multiple 

contours helps to achieve a better dose homogeneity. Larry et in their 

work based on initial clinical experience showed that Intensity Modulation 

helps to improve dose uniformity with tangential breast radiotherapy. A 

comparison of different intensity modulation treatment techniques for 

tangential breast irradiation is carried out by Chang et In their work, the 

intensity modulation was achieved by wedges, compensators and multi-leaf 

collimators (MLC). Uniformity could be achieved with these compensators 

and Multi-leaf collimators and the contralateral dose in these cases was less 

compared to the wedge technique. Their work also showed that the multi- 

leaf collimators (MLC)-Intensity Modulated (IM) technique requires the largest 

irradiation time with virtual wedge and compensator while IM techniques 

required the least. Hounsell et a~[~*]evaluated electron beam contamination 

and build up doses in conformal radiotherapy fields where multi-leaves are 

used. The dose in the build up region depends upon the primary photon 

beam, back scattered radiation from the patient and contamination radiation 

from outside the patient. A model based measurement is carried out with 

primary component and contamination component of the beam. An 

exponential form with build up for higher energies was obtained. 

There is a controversy over the role of adjuvant radiotherapy on the 

overall survival of the patient. Extensive work has been done in this area. 

WolfgangJanni et a~[~'], reported a reduction of risk of local recurrence by 

adjuvant radiotherapy in early stage cases. However, there is no impact on 

the over all survival of the patient. ~ u n k l e r ' ~ ~ ]  showed that adjuvant 



radiotherapy increases the cardiac morbidity and mortality induced by 

radiation especially in left sided breast cancer patients. New methods with 

new versions of treatment techniques using Multiple Leaf Collimators, and 3D 

planning systems reduce dose to the heart. A more comprehensive study is 

needed for better understanding of these results. Violet et a11191 explained 

that in the case of treatment of early breast cancer, adjuvant irradiation 

improves local control following mastectomy and breast conserving surgery. 

Though radio toxicity is present in adjuvant radiotherapy, a greater 

homogeneity of dose distribution as well as reduced cardiac and lung 

irradiation are possible with modern techniques. The homogeneity can be 

increased by using compensators also. The study by Wilks et all4'] shows 

that combinations of compensators improve dose homogeneity for tangential 

breast fields. Neal et in their review state that even with advanced 

techniques, dose inhomogeneity is present in breasts. 

Dosimetry is the best method to ensure the dose homogeneity. There 

are different methods to do the dosimetry in tissues ---- - . as well as in phantoms , , 

which are tissue equivalent material.~tochioiu et al ! developed Dysprosium t , , 
- * - m -  

I '  ; ' 
doped CaS04 detectors for high sensitivity X- and Gamma rays detectors. , 

t ,  . I 

The basic dosimetric parameters of the detectors, measured according to the . 
i, 

international requirements, are superior to the reported literature data and 

fully accomplish the standardization requirements. Bhatt et al"" explained 

that Thermoluminescent (TL) dosimeters have become a versatile system of 

dosimeters for assessment of dose in clinical applications of ionizing 

radiation. The advantages of TL dosimeters include high sensitivity, 

miniature size, tissue equivalence, low fading, re-usability and linear dose 

response. Being a passive device, TL dosimetry provides an easy way for 

inter comparison of dose from different institutions. 

An anthropomorphic breast phantom is developed for dosimetry by 

Becomo et a 1 [ ~ ~ 1  for the breast treatment process. This helps to do dosimetry 



with thermoluminescent dosimeters for quality assurance and dose 

verification. 

Dose to the contralateral breast also affects the long term survival of 

the patienls-a$ it has a chance of causing cancer in that breast. In a study 
2 ' i  : Heyes et a~['~Ireported that even low energy radiation from sources can 1. l: ,$ i h- -- - 1 '  

8 )  ' 

, .' cause late affects like breast cancer. Johnson - - m  [441 showed -- - that irradiation of - L 
. > .  

cancerous breast causes dose to contralateral breast which results in cancer '. * 

in that breast at a later time. 

Storm et a1 [331 explained the affect of radiation in contra lateral breast. Frass. 

Roberson and ~ i c h t e s l ~ ~ ]  measured dose to the contralateral breast due to 

primary breast irradiation and showed that contralateral breast dose causes 

malignancy in that breast. 

Chougulqe, Hussain et al. [461 conducted measurements of 

contralateral Breast doses due to primary breast irradiation for malignancy. 

A total dose of 11 1.25 to 223.5cGy without HBB is received by contra lateral 

breast in their measurement of breast doses due to primary irradiation for 

malignancy. Ramachandran and   air[^^], in their work on Contralateral 

breast dose measurement in patients treated with radiation for breast cancer 

procedure found a contra lateral dose of 99 to 608 cGy due to all fields for 

complete treatment. 

L* 
Tercilla, Krasin, and Lawn-~sa%ca$~~~ state that half beam block 

4 ' 
though decreases dose to heart increases contralateral breast dose.  ell^ ee-.b'" S. ~L , 

al'"] also showed use of wedge and, half beam block gives more dose to ' - \ 

---C-=- l 

contralateral breast. The lowest contralateral breast dose is with the 

asymmetric jaw with no medial wedge and block. Warlick et ali4'] found that 

dose to contralateral breast is more when an external standard wedge is 

used. 



Solid state detectors can also be used for dosimetry. Though 

thermoluminescent dosimetry gives more accurate value, Solid state 

, detectors give instantaneous results. Rakesh Kumar, Rajasekhar, and 

\ <,' 

\ . Dinesh --.- - K ~ m a r ~ ~ ~ ]  - - - carried out on line Diode Dosimetry using diodes made by 
\_-I-.- 

. .  
.l 

\: PC Rainbow, on Breast Conservation Therapy where in the dosimetry is 

done using diode detector which is simple to use and get instantaneous 

results. 

The inclusion of internal mammary nodes for the treatment mainly , 
/ . *  ' , 

depends on the decision of the treating oncologist. Severin, and ~onnors[~ ' ]  ___- __,, -- --.- - 4 

et al. compared partially wide tangent (PWT)treatment which include internal ' : 

mammary chain and other standard techniques. PWT treats internal 

mammary chain with some acceptable toxicity to heart. However, it gives 

more doses to heart than other standard techniques. Poortmans et al [231 

reported that radiotherapy to internal mammary chain increases dose to the 

heart. 

There are number of studies to improve the dose distribution in breast 

cancer. Narayan, Sherly Saju et al. [521 reported a new centre point for dose 

presumption, which gives homogenous dose distribution to entire chest wall. 

Lung correction in breast cancer helps to reduce dose to lung as the dose 

absorption in lung tissues and normal tissues is different. Dose absorption in 

lung is less and so the normal tissue at the opposite side of lung tissue gets 
, , '  

more radiation. High dose to lung causes lung pneumonitis. ~ a v i n d r a [ ~ ~ ]  1 '  i d  

explained that the dose evaluation will npt, be accurate if lung correction is , , 

not applied while considering the inter€@b separation. Surendran, et al [541 ,' ' 
I '  ' 
A 

in an analysis of lung dose in various Techniques for the treatment of breast I 

cancer studied dose at different points by tangential open fields, tangential 

wedged fields with a cobalt machine Gammarex-R made by Wipro GE. 

lsodose curves are used to find the dose to lung. They also analyzed the 

lung dose of various techniques for the treatment of Breast Cancer. 



A new method like breath hold therapy helps to reduce lung volume in 

the field of treatment. This is a new technique and research is going on in this 

field. Remouchamps et a1 [551 reported in their work about significant reduction 

in heart and lung doses using deep inspiration breath hold with active 

breathing control and intensity modulated radiation therapy for patients 

treated with breast irradiation. Breath hold therapy helps to reduce the 

amount of lung volume and heart volume in the radiation field. 

Another method of giving boost dose other than electron beam 

treatment is by brachytherapy. Christophe ~ennne~uin[*lexplained the role of 

high dose rate brachytherapy . High-Dose rate Brachytherapy for early breast 

cancer allows boost dose to be given on an outpatient basis. It gives the 

same local control as other boost techniques for localized breast cancer with 

acceptable cosmetic results. 

* r  a 
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Small et al 13'] compared U conservative therapy and modified radical 

mastectomy for early stage breast cancer. Thisstudy shows similar survival 
.b 8 r 

rates in both cases. Moritz et al[561 observed Mastectomy rates for similar 

tumors vary widely. The treatment techniques vary with oncologists and 

surgeons. 

Radiation physics has an important role in the improvement of 1 
l , >  

E4\?.t ' 
dosimetry in all radiation therapy cases. Seaby designed . ______ a multiblock 

---..'m"- - -- - \ > '  \ ' l  

I 

phantom for dosimetry study which can be used to a variety of dosimetry I 

work. yr\< 
7 
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, \..P ,*'. " < 
L .  $$,.:: I\,, 9 \ \ $  t b  

r stud-younger and older women treated for 

breast cancer, compared the out come of the treatment and found that the 

effect on the younger women is more drastic than in the older women. This is - I . 
\ 

mainly due to the dose to the contralateral breast. Muller-Runkel ----------+ et 
, ,' l 

studied contralateral dose and explained that the dose to contralateral ., 
i 



breast should be reduced by using a shield made of vinyl coated flexible 

lead. They used a phantom and thermoluminescent detector to find the dose. 

Much of the reported works are in the intensity modulated 

radiotherapy and other modern techniques. Most modern machines are 

having these facilities and the field is still developing. Development of 

computer aided techniques has radically improved the measurement 

techniques. In developing countries it is not easy to acquire such 

sophisticated equipments considering the costs involved. Most of the 

treatments are carried out with cobalt machines. Dosimetry helps to improve 

the dose homogeneity in the target volume of tumour and reduces dose to 

normal cells and is essential for cancer treatment using radiations. 

MOTIVATION FOR THE WORK UNDER TAKEN 

Breast cancer is one of the major cancers in women. At Medical 
, ,,-, ;,, 

College hospitals our -. . experience --  is that about 7-8% of cancer eatients - - . _-- ___ - l _ _ l _ l -  ---a 
+ .  a i 
I .  i 4 

coming for treatment are breast cancer patients. I t  l , l >  

\ * .  > 

'3,~:. l $ 1  

There are mainly three approaches for the treatment of breast cancer, 

viz. (1) surgery, (2) chemotherapy and (3) radiotherapy. In the earlier days 

surgery was the only option for breast cancer treatment. In some cases 

Chemotherapy was also given together with surgery. 

Violet et al [1919 demonstrated that an adjuvant radiotherapy helps to 

reduce the local recurrence of the disease. In lumpectomy as well as in 

mastectomy, radiotherapy to the remaining tissue reduces the local 

recurrence and improves the chances of long term survival. 

l ./ '- 

q t  !.l . L , '  r I..? 
VUlUl rGpeci to theLmost other common cancers, a high local control 

rate and good overall survival can be achieved for the majority of the breast 

cancer patients with current surgery and adjuvant radiotherapy. 



Radiotherapy is given after mastectomy and also after Breast 

Conservative Surgery to the breast tumour. In the case of Breast 

Conservative Surgery where the tumor size is small and nodal involvement is 

also small, radiotherapy decreases local recurrence and also reduces the 

long term chances of death from the diseaseg: 

It is found that in breast cancer the lymph nodes in the armpits are 

affected and have to be given radiation. If the breast cancer has already 

spread to the lymph nodes in the armpit, then radiotherapy can again 

produce sustained reduction in chances of local recurrence and improve the 

chances of long term survival. Therefore it is clear that patient who under 

goes Breast Conservative Surgery should have adjuvant radiotherapy to 

avoid local recurrence and patients who had mastectomy, could have 

radiotherapy with the advice of the ontologist. 
\ '  

I 

-, * : . *  
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! \ In India, it is found that about 80% of the breast cancer cases are of 
. % 

* stage II or stage Ill diseases. In our institution (Medical College, Calicut, 
\ ; (. 

. India) 90-95% of cases are of stage II or stage Ill of carcinoma breast. The 
;-,: \ 

/- --- - - -  - 
. ontologists prefer mastectomy for these cases. After mastectomy 

. * \ K 3  . radiotherapy is given to the chest wall, supra clavicular fossa and axilla in 

these cases. The economic considerations force many a hospital to go for 

cobalt machine treatment methods instead of newer techniques of 

radiotherapy, considering the cost. 

Cobalt therapy machines give photon beam for radiation. As the 

average energy of the gamma radiation is 1.25MeV1 the radiation goes to 

depths in the tissue while irradiating the tumour. For chest wall irradiation, 

such depth dose is not required for the therapy. Therefore the gamma (r) 
radiation is given tangentially to the chest wall. 



/= - - 
A thorough review of the literature shows that most of the 

measurements- are concerned with lntensity Modulated Radiotherapy only 

which helps to reduce radiation to lung, heart and other normal tissues while 

givk+ high dose to the tumour. The lntensity Modulated Radiotherapy 

technique is mainly given in the case of Breast Conservative Surgery. 

In India only few centers do lntensity Modulated Radiotherapy. In 

Kerala, for breast cancer cases particularly, lntensity Modulated 

Radiotherapy is not given. However in many centers electron therapy and 

conformal therapy are also used. 

From the works reported, it is seen that in the case of breast cancer 

homogenous distribution of dose is difficult because of the shape of the 

A 
\ 1 '  

'S , ' treatment volume, the normal tissues surrounding it and other sensitive 
t 

, . ,  organs [381. A thorough dosimetry helps to find out whether the target volume -- - --- 
gets the required dose while lung, heart etc get lesser dose. 

Dosimetry can be carried out by different methods. In treatment 

planning system we can see the dose at different points and volume. The 

treatment planning system which is fed with the data from the treatment 

therapy machines give the dose at points of interest. These are the 

theoretical values of dose at these points. The dose at points outside the 

treatment volume is difficult to find out, if we do not enter the required data 

and contour. In this case a thermoluminescent dosimetry helps to find the 

dose at these points. 

Dosimeters having small sizes can be placed at different points on 

patients to get the dose at these points. Thermoluminescent dosimeters and 

diode detectors are used for such purposes. 

It is necessary that the dose variation should be within 5 to 7.0%. A 

deviation from this may lead to cold or hot spots in the radiation volume. This 



will cause local recurrence or unnecessary high dose to tumour and other 

organs. , ' 
. , $ l '  
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h At Medical College hospital our experience is that about 7-8% of 
-4 - - 

cancer patients are seen with recurrence like, brain metastasis, 
-- - -  - 

immobilization of hand and spine metastasis. This data is from the patients 
1 

who come for follow up action. Most of the patients are not coming for follow 
, 

up after treatment is completed. Therefore we cannot estimate the exact 
' l  

percentage, of the patients, who have the recurrence. This recurrence may 

be due to missing of tumour during irradiation or with inadequate dose to 

some volume of tumour. Dosimetry helps to avoid such problems. 

A dose volume histogram can also help to find the dose homogeneity , 
' I  i , 

l ,  l ! ; . ,  ' L . , . '  .- in target volume and other normal tissues 1501 ' a l ~ %  t l , I 

. . 
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Radiotherapy is an important treatment method for patients with breast 

cancer. With respect to most other common cancers, a high local control rate 

and good over all survival can be achieved for a majority of breast cancer 

patients with surgery and adjuvant radiotherapy techniques. 

As the incidence of breast cancer is high, even small improvement in 

the radiotherapy treatment can still have a significant impact on the control of 

the disease. Complex geometry of the target volume and the presence of 

sensitive organs need a thorough dosimetry to achieve the goal. 

A comparison of treatment methods with different machines using 

dosimetry allows us in improving the treatment techniques. The critical 

parameters of treatment plans for breast radiotherapy are the accuracy of the 

dose calculation, the homogeneity of dose distribution as represented by the 

treatment plan and the inclusion of correction for inhomogeneities wherever 

necessary. 



A close scrutiny of literature clearly shows that there is a controversy 

about the adjuvant radiotherapy after the surgery, that it reduces the overall -. 

survival chances of patients. Radio toxicity like cardiac effect, lung effect and 

poor cosmetics effects make the oncologist think twice before referring the 

patient for radiation. In all these cases it is necessary to optimize the dose 

delivered to the cancer tissues. 

It was therefore decided to undertake a systematic study of dosimetry 

in the carcinoma breast patients. The present study was carried out mainly 

with cobalt therapy machines. However data from accelerator measurements 

is also used for comparison sake. 

Chapter 2 gives the working principle of the various machines and the 

instruments used in the present study. Different methods for doing dosimetry 

with different machines are also explained in details in this chapter. 

Chapter3 gives the results of dose variation between measured value and 

calculated ones. A comparison is done between different machines and 

different treatment techniques. 

Finally the implications and justifications of the present investigations are 

given in Chapter 4. 
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CHAPTER - 4 

SUMMARY 



SUMMARY 

h 

Breast cancer is very common throughout the world among women. 

 herea are different groups and organizations throughout the world to help 

and give guidance to the people who are suffering from this. In the year 

2000, the Early Breast Cancer Trialists' collaborative group (EBCTCG)'~~' 

published the results of a new meta analysis of randomized breast cancer 

trials comparing surgery, being either mastectomy or breast conserving 

surgery, with and without adjuvant radiotherapy in early stage breast cancer. ?F- 

In that study over a period of 20 years, overall survival of early stage breast 

cancer with mastectomy or breast conserving surgery is found out to be 

35.9%. This could be increased to 37.1% if adjuvant radiotherapy is given. 

Therefore surgery and radiotherapy are the most important methods for loco 

regional breast cancer treatment. Chemotherapy is also given along with the 

other two methods in our country. 

The EBCTCG trials showed that surgery was not enough to control the 

breast cancer@'). Earlier, radiotherapy was usually given after mastectomy in 

which entire breast and regional nodes are removed. Later the cosmetic 

problems and the result that radiotherapy after mastectomy and breast 

conservative therapy give similar results, gave way to conservative therapy. 

The new advanced imaging methods together with the awareness of people 

help, now a days, to find out the disease at early stage. This helps to improve 

the breast conservative therapy. 

However, in our country ignorance about the various aspects of the 

disease and treatment methods is very high. Therefore the breast cancer 

patients coming for the treatment are mostly at a later stage of disease. 

With respect to most other common cancers, a high local control rate 

and good overall survival can be achieved for the majority of breast cancer ,. 

patients with current surgery and adjuvant radiotherapy techniques. 



However a concern was there for the adjuvant radiotherapy. Earlier it 

was found that adjuvant radiotherapy though decreases local recurrence, - 
i 

increases mortality due to radiation toxicity. This is because of the radiation 1 

dose to the sensitive organs like lung, heart, and contralateral breast. The 

newer techniques help to reduce dose to these organs and improve the 

overall survival rate. 

At our centre it is seen that the recurrence of disease is less after 

radiotherapy for patients with mastectomy. These patients are treated with 

chemotherapy also. In addition, there are cases with brain metastasis, 

edema in hands and spine metastasis. A multidisciplinary approach is [: 

needed for further improvement of breast cancer treatment. While, the 

surgeon does the surgery the ontologists decide the target to be treated with 

radiation and we feel that there is no proper coordination between these two 

important wings of treatment. 

Newer techniques are there to give accurate dose delivery. Intensity 

modulated radiotherapy helps to give high dose to tumour while giving low ' 

1 

In our investigations, dosimetry studies were carried out in order to 
t 

find out dose uniformity in the treatment volume of breast, other points of 

interest such as dose entry point, dose exit point and nipple point and dose to 

critical organs. The present investigations clearly show that the dosimetric 

studies with accelerator beams and immobilization techniques provide better 

and accurate results in delivery of dose and hence the treatment. Our 

studies also show that, it is very difficult and sometimes impossible to 

reproduce the day to day geometry with Cobalt60 machines where 

immobilization devices are not available in treating the patients. This 

irreproducibility of the geometry leads to large variations in the dose 

delivered as our results show. We strongly believe that the present work 



clearly suggests that radiation treatment of carcinoma breast requires proper 

immobilization and better radiation delivery machanisms. 

The combined work of radiation physicists, clinicians (oncologists, 

surgeons and radiologists), and technologists help to give accurate dose 

without affecting the critical organs. When planning is not good, it affects the 

radiation delivery and the treatment. Similarly accurate planning with organs 

marked is necessary for good treatment and accurate dosimetry. Finally any 

error in implementation will affect the outcome of the treatment. 

1 

A thorough and systematic study in all these discipline is necessary for 

further improvement of the techniques Intensity Modulated Radiotherapy 

gives high dose to the tumour, but if the planning is not accurate, chance of 

missing of the tumour is also high. New machines are being developed in the 

field of radiotherapy and imageology which give high dose to tumour and 

negligible dose to the normal tissues. But an accurate plan will be necessary 

for this. Oosimetry helps to do the cross checking of dose delivery. Any 

research in this field will help to improve the outcome of radiotherapy. 

In conclusion, Our work, we believe, in conducting the present 

dosimetry studies using som of these techniques clearly shows the L ., k . , 

advantages of these metho ('5. We also believe that our work helps in 

motivating future studies for the improvement of the radiotherapy treatment ' 
(5 

techniques for the patients with breast cancer and provide sufficient data for . 
further investigations in this area. 
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ABSTRACT 

Radiotherapy plays an important role in the treatment of patients with breast 

cancer. The rationale for post mastectomy radiotherapy is to prevent recurrence of 

cancer in the chest wall, skin, mastectomy scar and the regional nodes (supra 

clavicular nodes and internal mammary nodes). Complexity of the shape and 

position of the irradiated volume of carcinoma breast, make it necessary to give a 

careful attention to the positioning of the patient and the technique involved. 

Patient has to be positioned carefully everyday in order to reduce doses to lung, 

contra lateral breast, thyroid etc. Radiation dose measurement is done for 20 cases 

with carcinoma breast using semiconductor detectors. The diode is kept in the 

central point of the entry field and the dose is measured in the case of tangential 

field treatment. Tangential field treatment is carried out using half beam block to 

reduce dose to the underlying lung tissue. The exit dose is also measured on the 

same day. The dose through supraclavicular field (SCF) is given in 20 equal 

intervals of dose and the dose is measured using the semiconductor detectors. 

Every day dose is compared and the variation if any is found out. It is found that 

in about 50% of the treated cases more than 5% variation exists in the case of 

tangential treatment technique and less than5% for SCF treatment. 
-, - 



DAY TO DAY VARIATION IN PATIENT 

DOSE IN TREATMENT EXECUTION OF 

CARCINOMA BREAST 

INTRODUCTION 

Breast cancer is one of the most common cancers in India. Radiotherapy is 

an lrnportant method for treatment of cancer patients. In most of the Cancer 

centers in India, CO-60 source is used for radiotherapy treatment. The breast or the 

chest wall is usually treated using two tangentially directed fields with a dose of 

45OOcGy to 5000cGy over five to five and half weeks. The fields are designed to 

give radiation to the chest wall and irradiate the smallest amount of underlying 

lung and also in the case of left sided breast treatment, the lowest possible 

exposure to the heart. The half beam block helps to bring the dose to the 

underlying lung tissue as minimum as possible. In patients with positive nodes, a 

small supra clavicular field is employed which irradiates the supraclavicular nodes 

at the apex of axilla. 

3 



Conservative treatment of Carcinoma Breast is increasingly preferred. 

However in inany places in India patients will have to undergo radical mastectomy 

as early detection of breast cancer is not effective. Because of the conlplexity of 

the breast anatomy, a thorough planning is required in the treatment of breast 

cancer. The dose given to the tumour can be measured by using various 

ciosimeters. Thermoluminescent dosimeters, port filins and semiconductor diodes 

are some of the dosimeters used for this purpose. In the present study, the doses 

are measured at the entrance and exit points in the tangential treatment and 

supraciavicular treatment, using semiconductor detector. 

MATERIALS AND METHODS 

In the present study patients who underwent post operative radiotherapy 

after radical mastectomy were considered. Radiation dose at the entry point and 

exit point were measured in all cases everyday using semiconductor detector. The 

dose variation with reference to the prescribed dose and day to day variation in the 

individual patients is also studied. For this study about 20 cases of patients with 

Carcinoma breast is considered. 



The present study was carried out in the machine-Theratron 780E of the 

('alicut Medical . All the cases studied, are treated with four field 

two are tangential fields. one is supraclavicular 

tield, and the other one is posterior axillary field. The upper border of the 

tangential field lies at the level of the manubrium sterni and the lower border at 1 

to 2 cm below the breast or mastectomy scar, which ever is lower. The lateral 

bor-del- lies at the midaxillary line and the medial border in the midline. If internal 

matninary nodes are involved the medial border should be shifted to 3 cm across 

the midline. The inferior edge of the SCF coincides with the superior edge of the 

tangential pair. The medial edge is along the midline and the lateral border is just 

lateral to the apex of supraclavicular fossa. (fig-l) 

I'he dose gi\.en through tangential field is 4000c(jy in 20 equal inte~.\.als. in 

\ i~p~-;~clrt \  i c~~ las  tield i t  is 3500cGj8 in 90 equal inter\ als and the posterior field is a 

,111g1t. tield. c~suall! of 600cGy. The dose is normalized at the midpoint of 

~i~wt.tiled distance f'os tangential tields(tig2). the tl-eatment is an SSD 

tecl~n~qi~e. using percentage depth dose. the dose at dose 111axi1nu1n point(Dmas) is 

toc~nci out. l-he calc~~lated dose at Dnlas may ha\ e sollle variation depending on 

tile ~ntes field separation and the stage of the t~~mo~..fi.c~~n patients to patients. 

In the SC'F. the dose prescribed is at Dmas  and as the measul-ed dose is also at 



As lung is a critical organ in the treatment of Carcinoma breast, the 

tangential field technique is executed using half beam The lower half of 

the beam is cut-off using a 5cm thick lead block. A reproducible position is 

required for successful application of breast techniques using fixed gantry angles 

for everyday treatment. 

To find the day to day variation during the treatment, a solid state detector is 

The solid state detector is 'Isorad' manufactured by Sun Nuclear 

Corporation, USA. In this internal build up is achieved through the use of 

differential materials for energies fram CO-60 to 25MV accelerator beams .The 

detector is silicon diode detector. These detectors when coupled with electrometer 

give high accuracy. These detectors are desipiled for high sensitivitj. and stabilit? 

t l ~ ~ . t j ~ ~ g h  the use of integral brtild up shields. The isorad models coLPel- 3 different 

tlllc"t.g! ranges ( 1-4 MV, 6-1 3MV and 15- 25MV). M'hen used in its stated enel-g!, 

u n g e  the detector ivill  register the appl-oxinlate dose equivalent to that at dose 

~ilauilnurn point ( Dmas).  Tlte detector i~sed for the experilllent is hateing enel-g\. 

range I -4MV. The detector is cyli~ldrical in configuration (Fig 3)  ha\-in3 

scnsitit e \ ol ume 0.25mol.'. Output noininal is l nCoulamb/rad. The cable is ha\ ing 

I C I I ~ I I I  of i urn a17d the output polarity is positi\.e. This detector is highly 



advantageous because of its small size, ruggedness, immediate readout and 

simplicity of operation. 

The dosimeter is positioned at first in the entry point and the instant dose is 

measured. The diode is positioned in the same place as discussed and the other 

tangential field is given and the exit dose is measured. The same is repeated every 

day. The dosimeter is positioned in the central point in the case of supraclavicular 

treatment and measurements were made at source-surface distance of 80cms. The 

solid state detector gives dose at Dmax.This measurement is repeated for 15 days 

for each case for the preset time period.In this study dose calculated at Dmax is 

compared with the dose measured by the dosimeter. 

RESULTS 

The average variation of about 2 to 10% is observed in day to day treatment 

of breast cancer. Especially in the case of tangential fields the variation is found 

to be more than 5%. In the measurement of dose at Dmax in supraclavicular field, 

the variation is found to be less than 5%. Exit dose variation is found to be more 

than the entry dose variation. We can see fi-om (Table I) the variation for the 

tangential field is positive. On the other hand the variation for supraclavicular 

tield is seen to be negative (Table 11). 



DISCUSSION 

Usually a total variation- of 5% (including treatment planning and 

execution)"'from the prescribed dose is allowed in the case of radiotherapy 

treatment. However in the present study the variation is found to be more than 

S%.This may be mainly due to inadequacies in the accurate planning. Also a small 

difference in the patient positioning in day to day set up results in a large dose 

variation. Therefore the patient positioning and the gantry angle in the setup have a 

very important role, in the treatment. 

A solid-state detector is used for measuring day to day variation in order to 

get instant reading. The Thermoluminescent dosimeter will not give the instant 

dose value and also it requires complex procedure for dosemetry. In the case of 

diode dosemetry daily measurement is simple. The present study highlights the 

importance of an accurate planning and treatment set up that is necessary for 

giving exact dose to the patient. 



VARIATION OF MEASURED DOSE WITH PRESCRIBED DOSE IN THE CASE OF 

TANGENTIAL FIELD 

TABLE - 1 

Name 

I 

Measured 

dose 

(entrance 

dose) 

23 1.7 

197 

159 

198.4 

178 

184.6 

171.4 

201.5 

195 

179.5 

i 

Patient l 

Patient 2 

Patient 3 

Patient 4 

Patient 5 

Patient 6 

Patient 7 

Patient 8 

, Patient 9 

Calculated daily Percentage 

dose(Dose 7-7 of 

, 
Patient 10 

prescribedlno. of 

fraction/%depth dose 

212 

186 

161 

183 

173 

176 

163 

183 

Variation 

9.3% 

4.8% 

1.2% 

8.4% 

2.9% 

4.9% 

5.2% 

10.1% 

180 78% 
l I t 

1 173 ' 3.8% 



VARIATION OF MEASURED DOSE WITH PRESCRIBED DOSE IN THE CASE OF 

SUPRACLAVICULAR FIELD 

TABLE - II 

- 

l s - p q  

10 

Percentage 

of Variation 

3.7% 

1.9% 
- 

2.7% 

3.6% 

0.9% 

2.2% 

1.6% 

2% 

2.2% 

Prescribed 

dose at Dmax 

225 

225 

225 

Measured 

dose at 

Dmax 

2 16.7 

220.75 

2 18.9 

/ Name 

l 

Patient 5 

Patient 6 

Patient 7 

, Patient 8 
l 
7 - -  
Pdtient 9 

Patient 1 

Patient 2 

Patient 3 

223 

220 

228.5 

220.5 

220 

225 

225 

225 

225 

225 



The field arrangement to cover the breast, 
supracliiv~cular and axillarv nodes. 
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FIGURE 11 



CONCLUSION 

The measurement of daily dose is conducted using semiconductor diodes. It 

is proposed to do further study with Thermoluminescent dosimetersrin patients as 

well as phantoms at various paints. The results will be communicated separately. 

The authors thank the authorities of the Medical College Hospital, Calicut, 

for providing the necessary facilities in conducting the present experiments. 
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