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ABSTRACT

In oncological unit of Delta Medical Center Lid., Mirpur, Dhaka, cervical cancer
patients are treated with Cs-137 Low Dose Rate (LDR) Brachytherapy with
combination of external beam therapy. In our study, sbsorbed radiation dose was
calculated for 18 patients at point A, point B, bladder reference point and rectum
reference point in case of brachytherapy treatment. The calculated A’ point and
‘B’ point dose was verified with the radiation dose to the respective point supplied
by the suppliers. The percentage variation at point A was found to be — 9.5% to +
10%, which is comparable with the intemmational standard (within + 10%). The
percentage variation al point B was found to be —8.59 % to + 8.23 %, which is also
comparable with the inlemational standard, The bladder dose was found (o vary
from 786 ¢Gy 1o 4439 cGy, which is 29% to 180% of calculated dose at point A.
The rectum dose was found to vary from 882 ¢Gy to 2759 cGy, which is 24% to
103% ol the calculated dose at point A,



Chapter |
INTRODUCTION

Cancer is one of the most [earsome discases man has cver known, SUrgery,
radiotherapy and systemic chemotherapy remain the basis of the management of
patients with cancer. Radiotherapy 13 the technique of therapeutic treatment with
the use of jomzing radiation. The techmaque is primanly used for the meatment of
cancer. Every year more than nine million additional people slobally are affected
by cuncer. About 50% of these patients need radiotherapy. The incidence rate of
cancer increases as the age increases. It is cstimated that by the year 2013 the
global cuncer meidence rate will increase to 15 million per vear and two third of

these patients will belong e the developmg countries*!! like Bangladesh.
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The distribution of cancer cases between the sexes worldwide is f airly even 4.77
million cases occurring in males and 4.55 million cases in females. Since the
incidence of cancer increases by age, the majority of new cases occur in the
age group 63+ years. The age distribution of cancer 1s, however, quite different 1n
developed and developing countries; there are stgnificantly more cancer cases in
childhood, adolescence and young ages in the developing countries, while cancer in

the elderly still dominates in developed conntries'™ .

Radiotherapy started with the use of Radium, soon after its discovery by Madam
Marie Curie in 1898. But the use of Radium has been banned several decades ago
due to the nsks and detriments it caused to the docters and the pubtic. Now gamma
radiation using teletherapy units (Co-60), Brachytherapy (Cs-137, Ir-192, Au-198)
I-125 etc), electrons & photons  emitted by linear accelerators, radio-
pharmaceuticals and even neutrons produced by specialized reactors are used for

radiotherapy.

Cells are the building blocks of the human body, Each body tissue and body crgan
is made up of billions of cells thar work together so that each body system can
function in a normal, useful way. Certain illnesses, such as cancer, begin because
changes oceur in the cells of the body that cause them to act in an abnormal way.
Cancer cells are not normal cells, therefore, they do not fumction as they should.

They serve no useful purpose in the human body.

There are many different kinds of cancer and each behaves in a slightly different
way. Radiation therapy is onc of several methods used in cancer treatment,
Radiatien therapy atiempts (o destroy the abnormal cancer cells that are present in a
particular part of the body. Tt can be used alone in the treatment of some cancers or
in combination with surgery and/or chemotherapy. Regardless of the method used,

the purpose of all cancer treatment is 10 rapidly destroy the cancer cells that are

present in the bhady.

There is high tncidence of lung cancer (34%:), larynx cancer (24%) in males and

cervical cancer (37%), breast cancer {29%) in females in our country™. In case of



4

cervical cancer, low dose rate (LDR) brachytherapy is an integral part of the
treatment.

Hrachytherapy is a method of treatment 1n which scaled radioactive sources are
used w deliver radiation at a short distance by inlerstitial, intracavitary,
intraluminal or surface applicator. With this mode of therapy, a radiation dose can
be delivered locally o the tumor with a rapid dose fall off in the surrounding
normal tissue™. Intracavitary therapy is most widely used for cancers of uterine
cervix, uterus and vagina. The radiation treatment is usually fractionated that is
given in a series of daily doses spread over a number of weeks, resulling in belter
therapeutic ratio for most turmnors than giving the treatment as a single dose. When
radiation treatment is fractionated, it is found that a much greater total dose is
required to achieve a given level of biological damage than when a single dose is
used. This indicates that recavery from radiation damage occurs between fractions.
This recovery is a compiex process involving repair of damage by individual cells

and the effects of celf growth during the fractionated course of treatment,

The four factors that may influence the effect of such fractionated treatment are,
repair of sub lethal dumage, repopulation by survivin g cells in the iradiaed tissues,
redistribution of cells throughout the division cycle, and reoxygenation of hypoxic

cells, primarily in tumors'™,

In our country cervical cancer is treated using Manchester system and the dose 1s
delivered through Fletcher-suit applicator™™ which basically consists of a central
lube, called the “tandem” and the lateral capsules or “ovoids”. The ‘ovoids ure
separated rom each other by the spacer. The Manchester system is one of the
oldest and most extensively used systems in the developing countries where the
computer planning 15 not avalable. It is characterized by doses to four points™, viz,
point A, point B, a bladder potnt and a rectum point. The duration of the implant
is based on the dose rate calculaled at pomt A, Point A is defined as 2 cm supenar

to the external cervical Q8, and 2 ¢m Jateral to the cervical canal. Point B is defined

28 3 ¢m lateral to point A.



Fig.2™ : Schematic diagram of the werus showing the use of introuterine tubes

and ovoids in the tremment of cancer of the ulerus,

In radiotherapy the exposed person is the direct recipient of am intended benelit (hat
can be compared with the potential risk to that same individual, ang the exposure is
voluntary. Mosl radiation exposures should be limited to doses as low ag
reasonably achievable, but in radiotherapy the dose should at least be high enough
to eradwcate the malignam cells. Tlere the mdiation is the Curmg agent and
according to the prnciples of this discipline, a dose as high as reasonable
achievable (AHARA Y™ hmited only by the likelihood of concurrent comphcations,
should be administered to the treated volume For this purpose, it is TECES5ary 1o
calculatc (he absorbed dose at point A and B and the most critical oTgans (wz,
rectum and bladder). The A and B point doses will be compared with the radiation
doses (o the respective points supplied by the supplicrs.



Chapter I1
REVIEW OF PAST WORKS

Review of Past Works

A method for caleulating optinum wradiation conditions, with the doses predefined
at selected pomts on an optimum 1sodose curve, was developed by K. Tabushi, M.
Sukura et al™"  of Japan  for intracavitary radiotherupy using quudratic

programming’ '

. This calculation system is applicable to 2 remote controlled
afterloading therapy for carcinoma of the ulerine cervix, the bile duct and the
oesophagus. Tn the case of carcinoma of the uterine Cervix, an automated
calculation system for conventional intracavitary radiotherapy was  deviscd.
Refercnce was made to an isodose curve, which pusscs through points A of the
Manchester system; this was represented by hi ah order polynomials using polar co-

ordinates to carry out Lhe therupy.,
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Fig 2.1z Flow chart of optimum treatment planning for intracavitary radiotherapy

using mathematical programming.
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To achieve brachytherapy efficiency in the clinical routine, some quality assurance
procedures were developed by Di Nallo. A. M., et a] of, Rome, Italy to contml
the distribution algonthm and the nominal parametcrs of Cs-137 low dose rale
sources. Expenmental methods, based on the dose measurements in air, water and
perspex phantom by means of TI.D-100 LiF and jonization chamber. The source
characterization is obtained by means of an optimization process to evaluate a
physical parumeter involved in the theoretical algorithm, and the dose measurement

1n a well-defined point.

The radiation dose distribution of external and intracavitary therapy in different
points and organs ot 50 patients with carcinoma of the uterine cervix 1n Alexandria
University Hospital, Egypl, were computed by El-masry et al'?, The extent of the
tumour and the position of critical reighboring organs were determined for clinical
dosimetry. The treatment protocol consisted of: (a) whole pelvic external Coball-60
radiotherapy and manual afiterloading radium application and / or {c) parametrial

boost dose of extermal Ca-60).

Table2.1: Mean dosc rate computed at different anatomic points in optimal

geometrical positiom

Anatomic site Dose rate (¢cGy h™)
External os 1854275

Vaginal vault 164.6+5.5
Uterine wall 96,5193

Point A 43.546.4

Point B 16.6+8.1

Urinary bladder 22.1+8.2

Rectum 26.816.7

The dose rates at point B did not exceed 30 - 40% of the dose at point A, the mean
rectal dose rate was 26.826.7cGy h'.




Jones C.H.Y"¥ et al measured staff exposure doses in cuse of low dose rate
brachytherapy techniques. They had investigated the tole of the differcnt types of
dosimeters used for measuring staff exposure doses including film monitors, TLD

dosimeters and PENDIX personal dosimeters

Table 2.2: Radiation doses {iSv per insertion )

Traditional | Manual Automanie —|
afterloading | afterloading

Cs-137 handlers 40 10) _
Radiotherapist und assistant 180 20 _

Theatre nurses B0} _ _

Ward nurses 225 200 10

Additional staff 50 _ 10

Total dose(pSv /80 mg Ra eq Cs-137 | 575 230 20

insemion)

Table 2.2 summarizes the results of radiation exposures received by all staffs
involved in treating and caring [or paticnts receiving gynecelogical intracavitary

radiotherapy caesium techniques.

Petoussi, N''“et al calculated the orgun doscs from radiotherapy for cervical cancer
paticals. It was a part of larpe radiation study supparted by the WHO and involved
the Tollow-up of 30000 women treated for primary cervical cancer and the
measurement of the incrdence of secondary cancers. In order to caleulate the organ
and tissue deses a Monte carlo program was used which simulates the scattering
and absorption of photons within a three dimensional anthropomorphic female
phantom, based on a reference woman with al] female organs'' ™.

Calculations were performed to estimate the absorbed doses to various OTgans
resulting from intracavitary sources such as ovoids and applicators filled or leaded

with Radium, Co-60, Cs-137, Calculations were made alse for external heam

therapy.
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Thirty-six Tables were compiled”'” containing the doses for 106 organs and fissues

12 for mwemal therapy and 24 for external therapy arrangements. As an example,

Table 2.3 shows some organ doses for three of the cases including the follow-up

study of the WHO,

Table 2.3: Organ doses

Organ Cusel Case2 {ase3
brachytherapy single Ovoids,
Only ovoid+external AP | applicators + split
{cGy) + PA ficlds AP + PA fields

(cGy) (cGy)

Bladder 4515 3547 8334

Breast I8 5 21

Kidneys 139 47 160

Liver 20 26 Q4

Lungs 22 6 25

Ovanes 2387 4708 5300

Rectum 1732 1767 2900

Peak dose (skin) 04] 8202 6700

Point B 4677 5268 8200

RBM(tatal) 370 333 550

RM pelvis 009 880 1490

Small intestine 770 34 047

Stomach wall 107 35 122

Thyroid 3 (.8 3.5

Total body 417 370 662
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Objectives of the Present Study

In our country, the regular medical check-up of the people is not frequent because
of their low Ievel of income. Also the people are not so conscious about their health
care. So most of the patients with cancer of the uterine cervix are first seen in

relatively advanced stages of the disease with prevailing local infection.

Rudiotherapy plays a major rolc i the manigement of patients with carcinoma of
the wterine cervix. Brachytherupy is & dominant element in the care of carly stages,

while additional extemal irradiation i necessary in advanced stages @7,

If the application geometry is properly combined with well-fixed dose prescriplion,
the results arc excellent, both as regands high cure rate and good tolerance of
normal tissues. The best results can only be obtained when there is a good
teamwork between pynecologists, radiotherapists, physicists and others with a

particular interest and expenence.

Treaiment of cervix cancer patients are being done by wedge shaped mid lined
block in TMC (Tata Memorial Centre), Mumba, India. In private sector, Delta
Medical Centre Ltd. has fabneuted a wedge shaped mid lined block and which are
used for the treatment of cervical cancer patients (both pre-operative and post
operative case.). The irradiation consists of AP/ PA external beam delivering 50Gy
in 23 fractions over 5 weeks period, 5 fractions per week (10Gy open field"™ and
40Gy 15 given using wedge shaped mud line block) and two intracavitary insertions

18 usually prescribed for radical treatinent.

The applicator supplied by Bhaba Atormc Energy Centre, Mumbai, Indi a, conasisis

of one intra-uterine tandem, which is placed in the uterine canal, and two vaginal

ovolds, which are placed against the cervix. There arc two types of Intra-uterine

tandem tubest'™

1. Long intrauterine tubes contamn 3 sources of acti vity, 120 mC:, 80 mCi and
80 mCi respectively.

2. Medium intrautering tubes contains 2 sources of activity, 120 mCi, 80 mCh

respectively.

And the two ovoid contain the 4 sources of activity 40 mCi each.
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Ideally, a point A represcnts the Jocation where the uterine vessels cross the ureter.
It is believed that the tolerance of these structure is the main limiting factor in the
mradiation of the vterine cervix."™ In addition | it is usefu! to know the dose al point
'B’, on the pelvic wall epposite point ‘A’. Most experienced therapists feel that
whatever other dose calcylations are made, the dose at point A and B should be

known in every case treated by a particular geometric arangement'®,

To schieve maximum tumour control and te avoid complications a study of the
dose calculation at pomt ‘A’ and "B’ and to verify the calculated dose with
supplier's data and the corresponding bladder and rectum dose calculation is
essential. To achieve these objectives the absorbed dose of 18 patients was

caleulated,
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Chapter 111
BIOLOGICAL EFFECTS OF RADIATION

Biological Effects of Radiation

When ionizing energy is absorbed by living tissue, biclogical effects are to be
anticipated. These may cause produce profound changes in the tissue resulling
either 1n immediate damage to or deaths of cells or through genetic alternation may

manifest themselves only in subsequent generations.

3.1 Mechanisms of Biological Action

The biological effects of the higher — energy electromagnetic radiations and of all
the particulate radiations are mediated through the ionization (and, 10 a lesser
extent, the excitation) that they produce in biclogical tissue. An explanation of s
modes of action must be songht at the cellular ievel: effects on the whole Organisms
are likely to be sccondary, Two main types of inmacellular action have been
distinguished: first, direct action through jonization of biological structures along
the tonived track; and second, indirect action through the formation of radicactive
chemical fragments (free radicals) that diffuse away from the jonized track and
undergo further reaction elsewhere,

Direct Action: divect biological actions were studied in great detail in the period
between 1927 and 1947. A detailed quanttative theory was elaborated, the “target
theory”, whereby a tissue undergoing irradiation was likened to a field traversed by
the fire of a machinegun. It was supposed that, to produce a piven effect, there must
be one or more hits by an ionized track on a scnsitive targel, so that the probability
of obtaining the effect was dependent on the probabnlity of obtaining tie requisite
number of hits on the appropriate target. This theory was very successful i giving
a quantitative treatment of many of the biological effects of radiations, particularly
in the field of genetics.

Indirect Action: In the field of radtation chemistry, where free radicals produced
by radiation play a vital role as intermediates in chemical reactions. the target
theory had little application, and from about 1940, the interest of radiation biologist

tended to shilt towards the indirect actions of radiations. This shift was given
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impetus by the discovery in 1947 that the induction of chromosome breakage,
which has until been viewed as a target effect per cxcellence, was enhanced if the
OXygen was increased in the material irradiated.

Radiolysis of water results in the formation of numerous spectes of radicals,
including hydrogen and hydroxyl radicals. In the presence of molecular oxygen, the
peroxyl radical will be formed, and the effectiveness of the radiation in producing
biolegical damage will be increased. This is the basis of the oxygen etfect used

advantageously 1n radiotherapy.

).2 Adverse Radiation Effects

Adverse radiation effects are usually divided into two categories: stochastic and
deterministic effects. Stochastic effects - most commonly refers to the radiation
induction of neoplasm’s or hereditary effects. These effects are due to unrepaired
or misrepaired DNA damage. The probability of incurring these elfects 1s a direct
function of dose and there 18 no known threshold below which these effects do
not occur. However, at low doses the probability of the effects may be so small ag
to be impossible to find using epidemiological or population studies. The severity
of stochastic effects is dose independent. Epidemiological studies have shown that
the mean latent period, the time from expasure to clinical appearance, is 7 — 10
years for leukemia and about 20 years for solid (ymours!®2Y,

Deterministic elfects are mostly due to cell killing. If only a few cells in a given
tissue are killed, no effeet will be apparent. If cnough cells are killed, there will be
an obvious clinical effect. An example of a deterministic effect is skin necrosis,
Thus for determintstic effecty there is a threshold below which the clinical effect
will not be apparent, and the severity of a determintstic effeet is a dircet function

of dogel®®,

3.2.1 DNA Damage by Ionizing Radiation:

The pene component, DNA is a pair of lincar long chain-like, molecules called
polynucleotides, wrapped around one-another as a spiral ladder shaped doubie helix
complex molecule composed of two chains or strands, wound around each othet.
This complex molecuie comprises numerous wndividual units or nuclectides.

Nucleoudes are made of four types of complementary bases called adenine,
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guanine, thiamine and cyrosine. The sequences of the bases express the genetic

q
codes'®

. By the action of chemical radicals, ionizing radiation can directly or
indirectly induce changes in the sequence of bases and therefore alter the genetic
codes. This process is known as mutation or DNA damage, which il not repaired,
induced cellular derangement’s as well as inhibition of DNA replication and ean
alter the information that passes from a cell to its progeny'™. Gene mutations are
proportional to the amount of energy absorbed and their effects are cumulative in
successive generations in a resiricted semse, i.e. during the reproductive period of
life, most radiation-induced gene mutations are believed to be recessive and

deleterious.

3.3 Radiation Risks from External Radiothera py and
Brachytherapy

Radiotherapy has been predominantly used to treat malignancies bul it also is
occasionally used to treat benign discases. Adverse effects from radiotherapy can
occur hoth early and late as a result of deterministic effects. As a result of extensive
clinical experience, radiotherapists have construeted tables of the tolerance dose of
different tissues. They also have experience regarding what dose is reguired for
disease control Combination of these two paramelers results 1 a prescribed dose
and treatment schedule. The prescribed dose is usually m a fairly narrow range
since normal fissue tolerance and cancer radiosensitivity are not very different.
Doses less than the comrect prescribed dose will result in few complications bul alseo
few cures. Higher doses will resull in an unacceptably high rate of severe
complications. In addition to adverse deterministic effects, if the patents survive
more than several years, there is an increased risk of radiogenic tumours in and

around the treatment arca’>

3.4 Radiation Induced Carcinogenesis®>

The possible mechanism of action of radiation induced carcinogenesis 18 briefly
presented in Fig- 3.4

In the cell nucleus, within a second of radiation exposure, various free radicals are
formed and will react with important biological macromolecules, ez, DNA or

chromosome proleins, to produce many types of lesions. Within minutes to hours,
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lessoms will be cither correctly repaired or misrepaired through enzymatic or non-
enzymatic processes. An alteration of DNA or nuclear protein or both due to
TMisSrepair can cause some genctic and epigenctic effects. These affects may direclly
{or indirectly through an activation of viral information) initiate the neoplastic cell
transformation.  After weeks of proliferation, cell with transtormation lesions
express properties of cancer cells. Some transformed cell will be selected by
vanious  physiological and 1mmunological factors 0 develop inte cancer,

Consequently the entire process of cancer development may tiake many years.
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Possihle Mechanisms of Action of Radiation - induesd circinogenesy |
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Chapter IV
PRINCIPLE OF RADIOTHERAPY

4.1, Physical Basis of Radiotherapy

All radiations of value in radiotherapy produce damage in target lissues or tumours
by virtue of their capabulity to cause 1omzation within the target volume 2% The
creation of jonization 18 a property of electromagnetic radiations of very shon
wavelength. Electromagnetic radiation consists of X- rays and gamma — rays. They
differ only in the way in which they are produced. y- rays are produced
intranuclearly and X- rays are produced extranuclearly. In practice, this means that
¥- rays used 1n radiotherapy are produced by the decay of radioactive 150topes and
that almost all the X- rays for both diagnostic and therapeutic purposes are usually
produced by the deceleration of electrons in a metal target (usually tungsten
becanse of its high atomic number). The intensity of electromagnetic radiation

dissipales as the inverse squarc law of the distance from the source.

The relative prevalence of the three dominamt absorption mechanisms of
electromagnetic radiation depend on cnmergy of the radistion.”” The first is
photeclectric absorption, which is predominant at lower energies. In this
circumstance the photon interaction results in the ejection of  tightly bound orbital
electron. Photoelectie absorption varies with the cube of the atomic number (Z7).
This has significant practical implications because it explains why materials with
high atomic numbers, such as lead, are such effective shielding materiils, The
second type of radiation absorption is the Compton type. In this process, the
photon 1nteraction is with a Jistant orbital electron that has a low binding encrgy. In
this process the photon does not give up all its encrgy o a single clectron, an
appreciable portion reappears as a sccondary phaton, which is created in the
interaction. The probability of Compton absorption does not depend much on
atomi¢ number, but rather on electron density. This explains why flms made at
supervoltage energy do not show much dilference between hone and soft tssue, but

air cavilies are clearly distinguished. The third type of absorption is the pair
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production process. This type of absorption requires incident photon energy
greater than 1.02 MeV. In this process positive and negative electrons are produced

at the same time,

The fundamental guantity necessary to describe the interaction of radiation with
matier is the amount of energy absorbed per unit mass; this quantity is called
ahsorbed dose and the ‘rad’ was the mast commonly used unit. Absorbed dose i3
measured in Joules per kilogram; 1 Joule/ kg = 1 Gray (1 Gray = 100 rad), which is

now the recommended unit.

The different ranpes of electromagnetic radiations used 1n clinical practice are
superficial radistion or roentgen rays from about 10 to 125 keV: orthovollage
radiation or electromagnetic radiation between 125 to 400 keV: and supervoltage or
Megavoltage radiation for energies above 400 keV. As energy increases, the
penetration of the roentgen rays increases {fig 1), and at supervoltage encrgies,
absorption in bone is nat higher than that in surrounding soft tissues, as in the case
with lower energics. This is because at supervoltage energics, Compton absorption
predominates. Compared with omhoveltage, supervoltage radiation is skin sparing,
meaning that the maximum dose is not reached in the skin, but instcad occurs
below the surface. The electrons created in the interaction travel some distance and
do not attatn full intensity until they reach some depth, resulting 1n a reduced dose
to the skin. For this reason, for the treatment of deep ~ seated malignant tumours
cobalt therapy is used employing high encrgy gamma rays {viz, .17 MeV and | 33
MeV 50 as to deliver an average energy of 1.25MeV per disintegration) for Co-60

source.
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4.2 Radiation Techniques:

Two general types of radiation techniques are used chnically — brachytherapy and

teletherapy (external beam therapy).

4.2,1 Brachytherapy™”

Brachytherapy is a radiation therapy modality that allows the escalation of radiation
dose while sparing normal tissues. Increased radiation dose has been shown in
many situations to provide improved results by improving local tumor centrol.
Brachytherapy involves the placement of radicactive sources ("seeds” or wires)
either in tumors (interstitial implants) or near tumors (intracavilary therapy
and mold therapy). The radiation is emitted outward, unlike external beam
radiotherapy, where radtation must traverse normal tissue in order to reach the
tumor. The word "brachytherapy" means "short therapy”, appropriately 1mplying
that the radiation is hmted to short distances. This results in decreased toXicity
and/or allows the escalation of radiation dose, Brachytherapy can be used
intraoperatively in situations where surgery is not possible or not optimal or 1n
situations where prior dose-limiting external radiotherapy has already been given.
Combined approaches of surgery and brachytherapy can often improve the resuits
of surgery alone in a variety of malignancics. Common applications include the
endoluminal treatment of recurrent endobrunchial and bile duct tumors, the
intracavitary trcatment of cervical and endometrial cancer, and inlerstitial
implants in unrespectable wmors with catheters or radioactive scods Occasionally,
hyperthermia will be combined with either brachytherapy or external beam
iradiation to relicve pain and other symptoms of recurrent disease ori ginating from

head and neck or breast cancers.

4.2.2 Teletherapy

Teletherapy uses a device located at a distance from the patient, as in the case m
most orthovoltage or supervoltage machines. Typical teletherapy  isodose
distnbutions are shown in fig - 4.2, The dose depends on inverse —sguare

considerations and lissue absorplion. The distribution of radiation depends on
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charicteristics of the machine and the patient. The isodose curve depends on the
energy of the radiation, the distance from the source of radiation. and the density
and utomic number of the absorbing material. The beam of radiation oroduced in
typical radiation treatment may be madified to make isodose distributions
confirmed to the specific target volume, und individually desipned shieids are used
o protect vital normal tissues. The most commonly used beamn modifying device is
the wedge ~ filter’™, Wedge filters are placed in the path of a beam to modify its

isadose distniburion,

=
90—

g0 —"

40

Fig 4.2 ”T"I‘ypia.:ul tehetherapy tsodose distibutions {A) Withuut 1 wodlge tilier
(B) With 4 wedge filter .
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4.3 DBiological Basis of Radiotherapy

4.3.1 The Ceell Cycle and Radiosensitivity' ",

Mammalian cells reproduce by the process of mutosis (see Fig — 4.3.1). During
mitotic division, the chromosomes in the nucleus of the cell divide; the nucieus
splits into two daughter cells, cach of which carries a chromosome complement
identical o that of the parent cell. Alter an mterval of time euch of the duughter
cells may undergo further mitonc division. The lime snterval between successive
divisions is the “cell cycle nme”. The cell cycle can be divided into four phases:
(1,56 and M. Tt is found that generally the mitotic phase (M)} 13 most
radiosensitive, and G; almost as sensitive, That is, injury is most likely to occur
during the mttotic phase of the cycle or during the G; phase when the quantity of
DNA i3 deuble in preparation for mitosus. Fig 4.3 represents schematicully the cell

eycle tme of mammalian cells.

M == mitotic phase;

(1, and G, = resting phases;

S+ (he phase when DNA
5 (DNA synilelic phasc)

is synthesised.

Fig 4.3 Celi cycle time

DNA is a highly complex molecule, which contains the genetic information for
particular cell. It forms the cssential part of the chromeseme structure, and
therefore (he quantity of DNA in the nucteus has to be doubled prior to mitesis.

Chemically the DNA malecule s relatively simple. There are four bases, adenine
(A), puunine ((i), cylosine (C), und thiumine (1% Each s attached to o simple sugar
deoxyribose {making a nucleoside) and this, in tumn, to phosphate. The base —sugar-
phosphate unic is catled o nuckeotide Watson and Crick (1953) showed that two
basts coutd bind to cuch other across the two strands of the double helix. The bases

patr speciically A =Tor =~ A il G- Cor C = G



nucleotide

‘Three bases on ane of

exact replica on each. In

deoxyribose - adenine;

phosphate

nucleoside I: deoxyribose - puamine:

phosphate

deoxyribose -thymine:

phosplile

denxyribose-cylosine:

phosphate

|

in an RNA nucleotide sequence, codes for each

time specific enzymes in the nucleus take the

anach them 1o each other and they attach base: base to the parent

parental DNA. 1t is the sequence of these links
and which is faithfidly reproduced #t cach cell division DMA

the crilical anpet for radiation efTeet.

hyming ~deoxyribose
!
phosplute
b

eylosine - deoxyriboxe
phosphale

adenine - deaayribos

phasphate

!
puaning - deoxyribose

phosphate

codin

the sirands constitute the coding umt. This afler conversion
amino acid in each and every
protein. When the DNA is to be duplicated the two strands separate and at the same
individual precursor nucleotides and
strand to make an
fact the two daughter cefls each have one strand of the
which constitutes the genetic code

is usually assumed as
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4.3.2 Oxygen Effect ***

The presence of Oxygen at the time of irradiation acts as a sensitizing agent; the
biological effects of the radiation are greater in the presence of oxygen than in its
absence. The oxygen cnhancement ratio (OER) is a conventional parameter to
descnibe the oxygen effect. OER is the ratio of dose required for equivalent cell
killing in absence of oxygen compared with the dose required in the presence of
oxygen. The OER range for different cells that have studied varies from about 2.5
to 3.5, this means that cells irradiated in the presence of oxygen are about 3 times

as sensitive as cells irradiated under conditions of severe hypoxia (very low level of

3).

The oxygen effect 15 extremely important in radiotherapy because tumours may
contain a significant fraction of clonogenjc cells, which exist at oxygen tensions
low enough Lo provide fuli hypoxic radioprotection. In tumouss the blood vessels
are often poorly formed leading to regions that have an inadequate supply of

oxXygen.

Thomilson and Gray recognized the importance of the oxygen cffect in a classic
paper in which they showed that tumours from humans frequently had anoxic
regions. Calculations of oxygen diffusion from capillaries and metabolism
prechcted that the oxygen tension would decreuse to zero at a distance of about
[ 50um from the capillary. Those cells within about [00um of the capillary are well
ixygenated; those beyond 150um are unoxic and necrotic; and those between 100
and 150um are hypoxic at an oxygen tension that mght protect cells frem
radiation. Diagrammatic representation of a tumour by Thomlison and Gray is

shown in Fig 4.5

If hypoxic (radioresistant) cells develop because of oxygen diffusion limitations
than increasing the partial pressure of O, in the blood should result in greater

diffusion, and hence better oxygenation of the hypoxic cells,
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4.3.3 Relative Biologic Elfectiveness

Relative hiologic effectivencss (RBL) 15 a commonly used parameter in radiation
biology. It is the dose rauo of difterent average LET beamns required to produce the
same biologic effect. High LET radiation differs from low LET radiation in
affecting the shoulder and the slop of the radiation survival curves. The RBE and
OER change with LET. The RRBE increases with LET reaching & maximum around
100 kev /um and decreases with further increase in LET due to saturation at higher
LET values. The OER decreases as the LET increases and reaching unity ar around
100 kev /fum (Tig — 4.6). With very high LET radiation, there is a fall in REBE
because this very densely ionizing radiations deposit more than one lethal event per

cell. Some of the absorbed dosc is redundant and become less efficient.

& L
£ e )
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LET;C in Kev/iim

Fig 4.6°" : Varistion of RBE and OER plotted as a function of LET {dF/dx).
1. RBE for cell killing at higher survival level.
2. RBE forcell killing at Jower survival level,

3. OELR.
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44 The Aim of Radiotherapy®™®:

There have been big advances m knowledge of radiobiology of tissues and their
tolerance to fractionated radiotherapy since 1977, Basically, what we want to do is
irradiate a cube of tissue containing the tumour,
We want:

1. No dose beyond the tumaur, also no dose to the surface (skin}.

2. No dose beyond the sides of the tumour.

3. Highest possible dose ta the tumour.
But it is impossible (0 treat only tumour and not normal tissue.

2 ways to overcome this

1. Physical principles — blocking, collimation, shielding, tissue compensation,
choice of appropriate energy.
2. Principles of fractionation - radiobiological principles,

4.4.1 Principles of Fractionation — The Four R's

I. Repair
2. Reoxygenation
3. Repopulartion.

4. Reassortment
a, Repair of Cellular DNA

+ Current belief = radiation exerts its effect by damaging DNA { not
proven).

+  We belicve that between fractions, normal cells can repair their DNA
whereas tumour cells do not have as great a capactty for this repair.

* [t is postulated that the curve for acutely reacting normal tissues is
shallower than that for lumours.

® Therefore, by giving smaller fractions, we aliow the repair of normal
tissucs while stll killing the tumour. Fractionation is thought to
improve the therapeutic ratio

* Expenimentally, repaur of DNA in normal tissues is thought to take at

least 6 howrs. Impertant to leave 6 hours between fractions.
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Fig 4.7 : 1dealized fractionation experiment. Curve A is the survival curve for
single acute exposurcs of X-rays, Curve F is obtained if each dose is given as a
series of small fractions of size 1), with an interval between fractions sufficient
lor repair of sublcthal damage wa take place. Multiple small fractions

approxintate 1o a continuous exposure to a low dose rate.
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b. Reoxygenation:

* Radiotherapy works by ionizing atoms — as X- rays and electrons pass
through water they knock electrons from atoms and cause the formation
of free radicals.

* Free radicals attack the DNA 1n tumour and norma? tissue cells.

* Most free radicals are deactivated — through combination with redueing
agents ~ they arc therelore short lived,

* However, if a free radical combines with Oxygen, it becomes longer
lasting.

»  Oxygen increases cell kill. Many tumours are hypoxic or have hypoxic
parts to them whereas normal tissues are fully oxygenated.

* When parts of a tumour die, and a tumour become smaller, hypoxic
pars of the tumour become oxygenated, If we leave tme between
[ructions for oxygenation to occur, we can increase tumour kill.

¢ Because normal (issue cells are already fully oxygenated, fractionation
docs not change how many normal cells are kitled.

+ Experimentally, Reoxypenation of tumour cclls takes in order of 6
haours.

» Expenmentally, local control by rodiotherapy comelates  with
haemoglobin levels.

+ I u patient’s Hb level is <10g/L, the local control of squamous ce!l Ca
of the head and neck, cervix, bronchus and TCC bladder has heen

shown to be worse,
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Indirect Action
 Dominant for X:Rays

-y

4

Fig 4.8”%: The oxygen fixation hypothesis, about two thuds of the biological
damage produced by X- rays is by indirect action, medtated by free radicals. The
damage produced by free radicals in DNA can he repaired under hypoxia but
may de “lixed” {(made permanent and irrepurable) il molecular oxyszen is

available
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C. Repopulation :

¢ Many normal tissues increase their rate of repopulation due to insult by
radiation { eg regeneration of skin). Tumours are thought not to be able
to increase their rate of repopulation during a course of radiotherapy to
the same degres,

* Accelerated Repopulation is a thcory (Wither 1985 3 thal if tumours are
damaged but not ktlled by radiotherapy, they will grow at a faster rate
than it they were never treated.

* Accelerated Repopulation expenmentally seems (o occur in fast
growing tumours { head and neck, squamous ccll carcinoma} after
about 4 — & weeks of radiotherapy.

* [Dractionation favors recovery of normal tissues aver tumours due (o
repopulation.

» However, if a course of radiotherapy is delayed, the tumour will also
repopulate. It is therelore theorized thal prolonged treatment breaks are

hazardous.

d. Reassortment:

The sensitivity of cell is dependent on many factors, one such lactor is the” position
of the ¢ell in its proliferation cycle.

» Cerain phases - M and G, are more radiosensitive than others (late $). B ¥y
fractionattng the dose, we are able 1o catch more cells in the sensitive phase
of the cell cycle — remember that tamour cells probably will cycle faster
than the sumrounding tissues.

* By fractionating the radiotherupy, we increase the chances of catching
tumaur cells when they are most sensitive to radiotherapy.

Fractionation increases tumour cell for a given amount of normal tssue

damage. I increases kill to tumour cells by increasing reoxygenation of hypoxic

cells and promoting reassortment of mour cells into sensitive phases of the
cell cycle. Tt spures normal tissue because it allows time in between fractions

for them to repair and regencrate ( they do this at a greater rate than tumours).
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Chapter V

TREATMENT OF CERVICAL CANCER PATIENT
WITH BRACHYTHERAPY

Treatment of Cervical Cancer Patient with Brachythcrapy

3.1 Uterus
5.1.1 General Description

(37}

The uterus is a thick walled. muoscular, hollow organ shaped like a pear, its tapering
end being the cervix which projects into the vagina. The measurements
were formally given as 3x2x lin. Tt weighs 45-35g. The wall is 1-2 c¢m thick, so the
length of the normal uterine cavity, including the cervical canal, is not less than 7
cm and 18 usually 7.5-8 cm.

The uterus is made up of a body or corpus, isthmus and cervix. The part of the body
situated above the level of insertion of the fallopian tubes is described separately as
the fundus, especially during pregnancy. The area of inserlion of each fallopian
tube is termed the cornu. The opening of the cervix into the vagina is the external
0% uter.

The cavity of the uterus 15 triangular in shape when seen from the front, but is no

more than a slit when seen from the side. Tt communicates with the vagma through

the cervical canal, and with the lumen of cach Tallopian tube at the comua.

5.1.2 The Relations of the Uterus

Anterior: The upper part of the ulerys has the uterovesical pouch and either
intestine or bladder in front of it. The lower pait is closely associated with the base
of the bladder from whech it is separated only by loose connective tissue.

Posterfor: Posteriorly lie the pouch of Doglas and the ulero rectal pouch with coils
of intestine. The vaginal cervix aiso has the posterior fornix behind it.

Laternl: Laterally is the broad ligament and its contents, especially the uterine
artery which runs up the side of the uterus piving oft branches at different levels.
As it passes forward 1o reach the base of the bladder the ureter lies only | em io the

side of the supravaginal cervix — an extremely 1mportant point to the surgeon,
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5.2 Clinical Stages of Cervical Cancer "

In order to allow comparson of results of radiotherapy in various centers, the FIGO
classification is shown in Iig 5.3 and below,

Stage I Invasive growth confined to cervix.

(a) Preclinical invasion, including microinvasive carcinoma {early stromal
invasion).

{b) Clinically diagnosed cancer, hmited to the cervix or extending only to the

corpus. Occult carcinoma 13 also included in this subgroup.

Stage II: Growth extendimg to,
{(a) The vagina in its upper two-thirds, but not to the parametnym,

{b} The parametrum bul not reaching the pelvic wall.

Staye HI: Growth involving either
(a) The lower third of the vagina or,
(b} The parameltrium as far as the pelvic wall .

all cases associated with hydromephrosis or non-functioning kidney.

Stage IV: Growth invalving gither
{a } The bladder or reclal mucosa, or

{b) Tissucs outside the true pelvis .
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5.3 Prognusism}

Iirespective of the type of treatment the prognosis depends on the following

s The extent and the growth at the time of reatment. This is the most importani
single factor.

» Site : An endocervical growth is potentially more dangerous than ome which
erows on the vaginal surface because it 1s diagnosed relatively late, and it
spreads to the broad ligaments and to lymph nodes relatively early.

* Naked-eye appearance

» Histological type

e Age: The younger the patient the more likely is the growth to be poorly
differentiated in type, and the worse the outlock.

» Ureteric obstruction,

5.4 Treatment of Cervical Cancer Patient””

Treatment s by raciotherapy, surgery or chemotherapy, or by combinations of
these. It is now highly specialized, and the best results can only be obtatned when
there is good teamwork betwecn gynaccologists, radiotherapists, physicists and

others with a particular interest and experience.

Treatment with Radiotherapy:

This 15 the treatment of chuice in the majonty of cases and is applicable at all
stapes of discase. It aims at giving of cancericidal dose of gamma rays to afl wreas
where there 1s growth or where there is likely to be prowth. The tissues around the
cervix (at point A) are exposcd to 70-80 Gy, the outer part of the broad lipament to
rather less. The first objective is generally achieved by Cs-137 intracavitury
therapy, the sccond by Cobalt units or linear accelerator exlernal beam therapy. In
cerain cases, especially advanced ones, the last is used to cover the whole figld.
When combinations are used, the dose of one agent is adjusted to that of the other
to ensure that the total dose is not excessive. Despite all technical advances,
however, intracavitary treatment centrally in the uterus and adjacent to the cernx
in the vagina takes precedence over other forms of radiation. To reduce the dose of
radiation to the adjacent bladder and rectum, vaginal packing is used to Increase

the distance between thern and the source of radiatian.
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Clamma rays act by damagmg the nuclear structures in actively dividing cells and
by inducing a fibrous lissue and protective reaction in the host tissue.
Radiosensitivity depends 1o a large extent on whether the tumour reccives 2 good
blood supply from its bed. This may mean that a high oxygen concentration is the
determining Factor, In favourable cuscs the umour disappews within 6 weeks.
Orver dosage not only causes adverse reactions and permancent 11l effects but s less

hkely to cure the carcinoma because it interfercs with the host response. If the
iniiial course of ticatment offers a {ull cuncercidal dose, rudiotherapy can nover be

used again, even b the growth recurs,

Accarding to ICRU 50 the treatment valume 15 shown in Fig-5.4 and Fig 5.5

Cross tamor volume

— Clinical target volume

Planmng target volume

L Treated volume

— [rradiated volume

Fig 5.4 Sehematic lusirition of the difterent volumes.
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Fig 5.5 Variation of malignant cell density m the gross tumour volume (GTV) and
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variation of the malignant cell density at that level., '
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5.5 Patient Preparation by Fletcher Suit Applicator™”:

The physician will sct the overall treutment policies for the brachytherapy
programme and should participate in the design of the brachytherapy facility and
the procurement of equipment. For individual patients, the physician is responsible
for selecting and inserting the applicator or placing catheters, prescribing the dose,
reviewing and approving the dose calculations, overseeing the dose delivery,

removing the applicator or catheters, and the patients follow-up evaluation™®,

Steps Involving in Patient Preparation™,

1. Immobilization of the patient an the patients couch.

2. Tumor localization.

3. Inscriion of Fletcher suit applicator,

4. Placing folly catheter into the bladder, the balloon is filled with contrast dye.

5. Inserlion of sterilized gauze into the vagina, which keeps the applicator at fixed
pasition and mimimize the radiahon dose to a tolerance level at rectum and bladder.
The rectum tolerance dose 15 50-35 Gy and bladder tolerance dosc is 70-75 Gy™>.

. Placing a rectal marker, which is a plastic tube filled with Banium powdcr and
this tube 15 coversd by hand gloves.

7. Radiograph was taken by the simulator of the lower abdomen at AP and Lateral
position.

8. After radiograph the rectal marker 1s emoved |

9. The duty doctor inseried the source manualty.

After patient preparation the source position is shown in (a).Fig-5.6 in coronai

plane and (b}.Fig 5.7 in Saggital pline.
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3.6 Responsibilities of the Radiation Oncologist and the Medical

Physicist in Cancer Treatment™

3.8.1 The Radiation Oncologist (Physician, Medical Doctor)

The director of the radiation oncology department is responsible for the overall care
of the patient.

Responsibilities:

» Consultation and elinical evalugstion

Establishment of treatment plan, including dose prescnption

Treutment executton, parlicipation on a regular basis
* On-treatment evaluations and patient monitoring
s Treatrnenl summary

Follow-up and evaluation ol the treatment

5.6.2 The Medical Physicist (Hospital Physicist, Radiation Oncology Physicist)
To provide a high standard of clinical physics service and supervision,
responsibilities of medical physics covers the following areas:
e Specilication of therapy equipment (extemal beam, brachytherapy,
stmulaters, CT, and imaging sysiems, and treatment planning systems)

assuring its rachation safety.

Acceptance lesting, comamssioning and QA {including calibratien) of

therapy equipment

Meusurement and analysis of beam data; tabulanon of beam data for clinical
use

» Establishment of dose calculation pracedures

Establishment of treatment planning technical aspects and treatment

procedures

Evatuation and optimization of treatment planning

Establishment of QA procedures in radiotherapy regarding delivery of the
treatment, radiation salety, quality control and regulatory compliance

* Supervision of therapy equipment maintenance.

“
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Chapter VI
METHODS AND MATERIAL

6.1 Methods

In rachauon therapy the prescription is written before insertion of the source. I order to
verfy the correct delivery of trradiation, the target absorbed dose should be measured. In
case of intracavitary brachytherapy patients, after patient preparation two simuylator
radiograph (AP and Lateral) is taken in every case. In this thests work the absorbed dose
at pomt "A”™ and “B” for tandem. near ovoid and distant oveoid was calculated from the
AP X- ray radiograph and the rectum and bladder dose was calculated from the AP and
Lateral X- ray radiograph. 18 patients were studied for this purpose. The treatment of ali
patients was performed 1n the oncological unit of Delta Medical Centre Ltd. Mj rpur-1,
Dhakss,

The theoretical algorithm for the caleulation of dose distribution around a linesr Cs-]37
Low Dosc Rate (LDR} brachytherapy source was performed hy software developed in
Fortran IV language, which worked on a PDP11/34 computer. The algorithm for the dose

calculation is based on the following hypothesis® .

l. The active elements arc point like sources.

2. The self absorption of the source itself and the absorplion in the steel wire which
contains the source are neglizible; .

3. The atlenuation of the steel cupsule, which contains the radioactive element, and
the attetivation of the allernated tnactive seel spheres are evaluated for each
position.

With these assumptions, the dose around the source was obtained hy the expression:

N A (i)
Dase (4m,P ) =% f "EE]_;.T*EHP' {-—,Us ds ]*g(dti!
w 1= i

w1}
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where, [ = 3.32(R*h"*mC1']*¢rn2}
Is the gamma specific constant for the Cs-137 souree.
= 0.966 is the Rad /Roentgen factor.

dEl st

A (i) is the activity of the “t" point source:;

T, is the distance of the *i" point source from point *p™;

s =0 47 per cm, is the linear attenuation coefficient of steel for 661.6 KeV gamma
ray ;

ds; is the sum of the radiation puths in the steel capsule and in the alternated spheres;
d, = r; — ds; is the sctual path in the tssue;

here:

For near ovoid and tandem,the value of ds;"* = O.fmm( filtraton} 4+ 1rem € flexible
tube wall) +.5mm (steel wall)

={0.21em,

dt, = 1, - 021

For distant ovoid, ds*” = 0.6mm(filtration) +1mm(flexible tube wall) +0.5mm
(steel wall} +0.5mm {steel wall of cenral applicator) +2mm { two walls of fexible
tube of central applicator } +0.5mm (steel wall of central apphcator)

=0.51cm.

dt, = r, — (151

gidt)= A +Bdy + Cdt>+Ddr? is the pelynomal of Meisberger™,

with A= 1.0091*10° B = 0,015 * 107, C= -3.459 * 107,

D= -2817 %107

These coefficients are the results of an optimization. This polynomial 15 commonly

nsed for rounne calculation of absorbed dose in tissue in various compuler

programming"™®.

6.2 Materials

The clinical material included 18 paticnts with carcinoma of the uterine cervix of
different clinical stages of the disease. The material cousisted of 13 patients with

stage ITh and 5 patients with stage 111 b.



2cm

iz 619 {deal peometry of points A and B,
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6.3 The Method of Calculation of Patient’s Ahsorbed Dose is
Discussed Bellow,
Patient no 16:
Name: Mrs, Monowara.
Age: 45yr's,
Reg no: 00/1082
Diagnosis: CA corvix Stage [ b
Intracavitary Applicator:

Uterine tube length — 5¢m
Ovord - 2cm

Prescribed dose at ‘A’ = 2578 cGy
Total radicactivity:
380 mei = 13.32 (iRg
Dose rate {(eGy/ hr) = 127.82
Total no of sources: 54(2+2)
Total treatment time = 20.16
Where, each source activity = 40mCi
So, for B sources the total activity = 40 * 9 mCi = 360 mCi
Including decay correctron factor for each source, the activity, A = 40 *0.9082 mCi
Putting the value of [, f, p; A equation-1
For near ovoid and tandem the dose rate = 105.56 pdt;} /r,%)
For distant ovoid the dose rale = 91 676 g{dt,) i)
Magnification factor,
1. For AP radiopraph p =1.19
2. For lateral radiograph p=1.37

Actual distance ="Mcasured distance / p
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E———— Medium
Uterine ‘Tandem
2
3
B el A
- 4
b | 5
Cervical 05
8 .
Distant ovoid
9

Fig 6.2: AP X- ray radiopraph of cervieal cancer palicnt,
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Ralloon of
FFoley catheter

Bladder
Relerence
Poing

Hectal
lLeference
Pomt

Fig 6.3: 1 aieral X-ray radiograph of cenvical cancer patient
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Table 6.1: Calculation of A point dose (Treatment time = 20,16 hr)

Source Measured Agctual 1, gldy) Dose rate at
position no | distance distance,r, this distance
fcm) fem) (cGy/ hr)
f 34 2.857 (1225 0.982 12.67
2437 0.1684 0,087 17.54
2 29
2.10 02265 0.9%0 23.69
7 2.5
2.02 0.246 0.992 2573
4 24
2.269 {194 0.959 20.25
5 2.7
6 4 3.36 0.0883 0976 012
5 4.2 0.0566 0.966 5.77
2 :
5.4 4,534 0 0486 0.265 4.30
8
5.21 0.0368 0.956 323
9 6.2
Total dose | - - - - 122.3
rate
Total - - - - 2465.6
absorhed

dose(cGy}
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Table 6.2: Calculation of B point dose (Treatment time = 20.16 hr)

Source Measured Actuai I ]g{dt.} Dose rate at
position no | distance distance, 1, this distance
fcm} fem fcliv/ hr)
| o 5.04 0.035 .954 3.96
4,70 0.044 0.938 4,40
5 5.7
4.62 (.047 (.960 474
3 5.5
4.54 0.048 0.961 4,93
4 34
4.62 0.047 {).961} 4.4
5 5.5
5.4 4.54 0.048 0.961 4.93
6
5
, 6.2 5.21 0037 0.952 1.70
7.9 6.64 (0.023 3.934 1.94
8
- .14 0.019 0.926 1.66
83
0
Total dose | - - - - 35
rate
Total - - - - 703.0
ahsorbed
dose(eGy)
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6.4 Absorbed Dose at ICRU Refercnce Points™

Bladder Reference Point:

The bladder point is localized by using a Foley catheter, with the balloon filled with a
contrast material. On the frontal radiograph. the Bladder point is marked at the center
of the balloon; on the lateral radiograph, the bladder point is obtained on a line drawn

anteroposteriorly through the center of the balloon, at the posterior surflace (Fig-6.4).

Rectal Point:

The rectal point is identified on the frontal radiograph at the midpownt of the ovoid
sources (or the lower end of the intrauterine source). On the lateral radiograph, the
rectal point is located on a line drawn from the middle of the ovoid sources, 5 mm
behind the postenor vaginal wall (Fig-6.2). The posterior vaginal wall may be

visuulized by using radio opaque gauze for the vaginal packing.



-

3\
] bladder

balloon (
reference point

3
Tcm \i/

-

Lo

intravaginal ﬁ
sources "

i
vaginal posterior
\waﬁt =

rectal reference point [ IU.S cm

-

-~ intrauterine
SouUrces

- 46
Fig 6.4 Locahzation of bladder and rectom reforence puInts



6.5 Caiculation of Bladder Absorbed Dose
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The measured distance between the mid point of twe ovoid sources and bladder

reference pownt = 3.4 cm, this is found from the X - ray lateral view.

The actual distance AB =3.4/1.37 = 2,482 cm.

The measured distance between two vaginal oveid sources = 3.3 cm, this #s Tound

from rhe X- ray AP view.

The actual distance CC=3.%1.19=27cm, BC=CCR = 1.387 cm

S0 the distance from the Bladder refercnee point o the source

AC =(1.387° + 2.482°}' =2.843 ¢cm

Each avoid contains two sources ol 40 mCi.

248

B 1387 C

A

C = Ovoid Source = 40 my

A = Bladder referenee pomt

Table 6.3: Calculation of bladder reference puint dose (Treaiment time = 20.16 hr)

Source Measured Actual 1/r° a(dr) Dose rate at
pisition no | distance distance, r, this distance
{om) {cm) {cGy/ hr}
| 4.3 3l4 0.10 0.979 B33
2.55 0.15 0.9%06 15.95
9 3.5
\ 97 1.97 0.26 0.992 26.91
1.39 0.5 .99% 34,78
4 1.9
L.3! 0.58 0.00g Gl.16
5 i.8
G - 2.84 0.123 0.982 1. 10{for
4 ovoid
BOUTCES)
Total dose | - - 22022
rale
Talal - - - - 44739
ahsorbed
dose(cGy)
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6.6 Calculation of Rectum absorbed dose

The measured distance between the mid point of two oveid sources and recium
reference point = 2.7 ¢m, this 15 found from the X - ray lateral view,
The actual distance AB—271.37=1971 cm,
The measured distance between two vaginal ovoid sources = 3.3 cm, this 15 found
from the X-ray AP view.
The actual distance CC=33/1.19=2.77 cm, CC2 = 1.387 em
S0 the distance from the bladder reference point to the source
AL ={387"+ 19717 =2 41 cm, cach ovoid comains two sources of 40 mCi,
B 1387 C

197} 2 4] C = Ovod source = 40 mCi
0 A, = Rectum reference point

Table 6.4: Calcolation of Rectum reference point dose (Treatment time = 20,16 hr)

Source Measured Acwal | 147 T gdy) | Dose rate at this
POSILION 1o dislance distance, T, distance
(cm) (cm) {cGy/ hr)
1 BE 5423 0.024 0.933 238
2 E 7.8 5693 Q031 0.945 3.08
3 69 5037 | 0039 0.960 3.99
4 5.7 4 160 D.058 0.966 589
5 4.7 i 3.430 0.085 0.976 575
6 . 2410 0.172 | 0987 7. 78 far
4 ovoid sources)
Total dose - - - -
Total - - - -
absorbed 1932
dose{cGy)
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Chapter VII
RESULTS AND DISCUSSION

Results

Case -1 Date: 07.10.03
Name: Mrs. Halima Begum Prescribed dose at ‘A’ = 2700 cGy
Age: 64 Rep no: 0371211 Total  radicactivity: 440 x 034
[hagnosis: CA cervix Stage [I1 b (=372.76 mCi) = 13.79 GBq
Intracavitary Applicalor: Dose rate (cGy/ hr) = 131.48
Uterine tube length - 6 cm Total no of sources;
Ovoid — Smat] Uterine source — 7+{2+2)

Total treatment time = 20.53 hr

Table 7.1: Calculation of absorbed dose at peint A, peint B, bladder reference
point and rectum reference point of patient no-1.

Applicator | Source Calculated | Calculated | Drose at | Dose at
position dose at | dose at | bladder rectum
no point A. point B. reference reference
paint point

(eGy/hr) {cGv/hr) {cGy/hr) {cGyihr)
1. 5.09 2.396 2534 (0.961
2. 6.95 2.7 3.633 L.118
3, G.44 3075 4.58 1.35

Long

Uterine 4. 15.53 3.5 722 1.787

Tandem
N 2278 3.637 10.00 2214
&, 27.116 3.763 [5.45 3113
7. 20.99 3.637 18.88 4.108
8. 11.93 453 6.6529 11.765

Near ovoid | 9. 7.65 3.637 6.6529 11.765
10. 4.086 1.537 6.6529 i1.765

Dhstant

ovoid 1. 3.365 1.432 6.6529 11.765

Total dose | _ 134,927 3384 80,26 61711

rate

Total dose | _ 270 604 & 1832.5 1267

{cGy)
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>
o

Fig7.1:  (a) AP and {b) Laleral A-ray radiograph ol patient no-1



Case -2

Name: Mrs. Raeia Akhter

Age: 52

Reg no: 02/354

Dragnosis: CA cervix Stage ITh

Intracavitary Applicator: Tterine tube

length — 5 cm
Ovoid - Zem

Date:

60

19.03.02

Prescribed dose at *A’ = 2600 ¢Gy

Total radicactivity:
360 mCi= 1332 GBy

Dase rate (cGy/ hr) = 123,54

Total np of sources: =5+{ 2+ 2,

Total trcatment time = 21.095 hr

Table 7.2: Calculation of absorbed dose at paint A, point B, bludder reference
point and rectum reference point of patient no-2.

Applicatar | Source Caleulated | Calculated | Dose at | Dose at
position dose ut | dose at | bladder rectum
no pount A. point B. reference reference
point paing

{cGy/hr) {cGy/lhr) {cGy/hr) {(cGy/hr)
L. 19.58 3.7 17.03 2.04
24785 3.88 2713 2.458

Medium 2.

Uterine 22,847 388 40,798 3.202

Tandem 3.

15911 3.457 44,833 4.84
4.

13.81 315 27.13 6.65
3.

10.1%9 442 6.697 15.133

Near ovoid | &

6.6296 3.366 6.697 [5.133
7.
4.605 1 682 6.697 15.133

Distant B.

ovoid 3.542 1.532 6.697 15.133
0.

Total dose | _ 121.9085 2906 183.716 79.728

rate

Total dose | _ 2566.174 6117 3867.23 1678

(Gy)




bl

Fig 7.2: (o] AP and {0) Laderal X-ray rachiograph of pelient ne-2
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Case .3; Date: 21.01.02
Name: M. Laila Begum Prescribed dose at ‘A’ = 3000 cGy
Ape: 46, Total radioactivity:

Reg no: 02/38 440 mCi = 16.28 GBq

Diagnosis: CA cervix Stage 11 b Dose raie (¢Gy/ hr} = [36.67
Intracuvitary Applicator: Uterine tube Total no of sources: 7 4( 2 +2 ).
length — 6 cm Total treatment time = 21 95 hr
Ovoid — 2.5cm

Table 7.3 Calculation of absorhed dose at point A, point B, bladder reference
point and rectum refercnce point of patient no.3.

Applicator | Source Calculated | Calculated | Dose at | Dose at
position dose at | dose at | bladder rectum
no point A, puint I3, relerence refercnce

potnt point
(cGylhr) {cGythr) {cGy/hr) {cGyfhr)
. 7.13 2.97 2.29 1.055
063 3.27 2.795 1.229
2
13.49 37126 352 1.433

Long 3.

Ulterine 21.95 3.955 5.354 1.843

Tandem 4.

2576 4117 7.64 2.283
3.

17.47 3955 1372 297
6.

12.69 3603 2283 3378
1.

12 4.43 6.301 11.688

Near ovoid | 8.

7.51 374 6.301 11.688
9,
4.445 1.76 6.301 I 1.688

Distant 10,

ovoid 3.845 1.67 6.301 11.688
11,

Tatal dose | _ 135934 6277 £3.353 60.94

rate

Total dose | _ 2O83.85 RI5.7H 1530 13377

(cGy) l
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Fig 7.3: {a} AP and {1} Laternl X-ray radiograph of patient no-3
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Case -4 Dale: 19.01.02
Nume: Mrs. Sulia Prescribed dose at A’ = 2500 ¢Gy
Age 40 ‘Total radicactivity:

Reg no: 1461701 360 mCi = 13,32 GBq

Diagnosiss CA cervix Stage Il b Dose rate (cGy/ hry = 124,56
Intracavitary Applicator; Uterine tube Lotal no ol sources: 5 +( 2 +2).
length — dcm Total treatment time = 20,06 hr

COvoird = 2em

Table 7.4: Caleulation of absorbed dose at point A, peint 3, bladder reference
point and rectum reference point of patient no-4.

Applicator | Source Calculated | Caleulated | Dose al | Dose at
posifion dose at | dose at | bladder Tecium
no point A point B. refercnce reference

paint point
feGy/hm) fcGyn) {cCry/hr) {cGy/hr)
1 19.045 3.727 B.35 1781
2. 24,061 3911 2.14
Medium 12.8
Ulerine 3. 24661 341 2.60
Tandem 22.53
4, [16.28 3.464 3.680
48.84

3. 11.16 325 4.77
78.43

0. 13236 4812 24il

Near ovord 0.522

7. 9.481 4124 8.411
9,522
8. 3.378 1.39 8.411
Distant 9522
ovoid 9 3.04 1.335 841}
9.522

‘Total dose | _ 125.762 29.924 209,23 48 623

rate

Total dose | _ 25228 G00.3 4197 075.4

ey}
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Fig 7.4: (a) AP and (b 1 ateral X-ray radiograph of patient no-4



Case -5:
Name: Mrs, 8
Age: 60
Reg no: 47/02

ufiz.

Diagnosis. CA cervax Stage IT b

Intracavitary Applicator: Uterine tube

length = 5¢m

Ovoid — 2em

Table 7.5: Caleulation ol ahsorbed dose at peint A,peint B, bladder reference

66

Date: 12.01 02
Prescribed dose at a = 2500 ¢Gy
Total radioactivity:
30 mCi = 13.32 GHg
Dose rate (cGy/ hr) = 124,03

Total no of squrces: S+H2+2).

Total treatment time = 20.06 hr

point and rectum reference point of patient no-5.

Applicator | Source Calculated | Caleulated | Dosc at [ Daose al
positian dose at | dose at | bladder rectum
no point A, point B reference reterence

point point
{cGy/hr) {cGyfhr} {cGy/hr) {cGy/hr)
L. L5154 355 3.543 1.507
21.3 3908 4.25 1.792
2.

Medium 24,93 4.045 5.12 2.222

Utenpe 3

Tandem 21,207 3.784 6.82 3.04
4,

[5.154 3437 305 4.005
3.
17.304 4.48 2.843 31225

Near ovoid | 6. .

10.136 3.908 2.848 31.225
7
4 1.562 2.848 31.225

Distant g.

avoid 3413 1485 1848 31.225
D,

Total dose | _ 132.69 3016 39.17 137.536

rate

Total dose | _ 266176 603 786 27594

{cGy)
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Fig 7.5:  {a} AP and (b} L.ateral X-ray radiograph of patient no-5
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Case -6 Duate: 23 12.01
Name: Mrs, Shamarunnessa, Prescribed dose at ‘A’ = 2500 cGy
Age: 50 Total radioactivity:

Reg no: 1121401 360 mCi = 13.32 Gl3g

Diagnosis: CA cervix Stage [I b Drose rate (c¢Gyf hry = 125
Intracavitary Applicator: Uterine tube Total no of sources: 5+(2+2).
length ~ 3.5cm Toal treatment ime = 20hr

Ovoid - 2em

Table 7.6: Calculation of absorbed dose at point A, point R, bladder reference
point and rectum reference point of patient no-6.

Apphcator | Source Calculated | Calculated | Dose at | Dose at
position dose at | dose at | bladder recium
no paint A. point B reference relerence
point nroint

{cOylhr) (cGy/hr) {eCiv/hr) {cGy/hr)
L 23.05 411 775 271
25.01 4.1 10.8 342

Medium 2.

Uteringe 21.315 4 14.95 4.265

Tandem 3.

14.95 36 22.27 6.33
4,

0378 319 2395 8.5
3.

13.93 5.38 8.883 11.98

Near ovoid | 6.

§.82 4.11 8.883 11.58
7.
3.37 1.44 E.883 11.98

Distant 8.

ovoid 3156 1.27 8,883 11.98
0.

Total dose | _ 122,97 31.31 115.25 73.13

rate

Total dose | _ 245940 6262 2305 1462.7

(cGy)




Fig 7.6:  {a) AP and {b} Lateral X.-ray radicgraph of palient no-6
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Case -7: Drate; 05.11.01
Name: Mrs. Sabeha Khatun Prescribed dose at “A” = 3000 cGy
Age: 65 Total radioactivity:

Reg no: 1374431 360 mCi = 13.32 GRy

Diagnosis: CA cervix Stage IITb Dose rate (cGy/ hr) = 124.48
Intracavitary Applicator: Tllerine tube Total no of sources: 5+{2+2).

length — dcm Total treaiment time = 24, 1hr
Ovoid - 2em

Tuble 1.7: Calculation of absorbed dese at point A, point B, bladder reference
point and rectum reference point of patient no-7.

Applicator | Source Catculated | Calculated | Dosc at | Dose at
position dose at { dose at { bladder rectum
no point A. point B retercnce reference

point point
{cGy/hr) {cGy/hr) {cGy/hr) {cCry/hr)
L. 20.83 4.1 7.51 2.154
24.8 4{) 10.93 2.62

Medium 2.

Ulerine 22,29 4.1 16.14 3.27

Tandem 3.

16.03 368 28.26 4.45
4,

11.59 3.38 40.03 6.92
5.

12.85 473 10.57 10,95

Near ovord | 6,

7.69 368 10.57 10.95
7.
4,26 1.65 10.57 10.65

Distant 8.

ovoid 3.74 1.57 10.57 1195
9,

Total dose 1241 31054 L4514 63.206

rate .

‘Total dose 2950.81 7484 3498 1523.3

{cGy)
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rF o =

Fig 7.7: {a) AP and {b) Lateral X-ray radiograph of patient no-7
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Case -8: Date: 081001

Name: Mrs. Tahmina Begum,
Ape: 55
Reg no: 1193/01

Prescribed dose at *A” = 3000 ¢Gy
Total radicachivity:

360 mCi = 13.32 GBq

Diagnosis: CA cervix Stage [II b

Intracavitary Applicator: Uterine tube

length — 5cm

Ovaord — 2cm

Table 7.8: Calculation of absorbed dosc at peint A, point B, bladder reference

Dose rate (cGy/ hr) = 125

Total no of sources: 5+(2+2),

Total treatment time = 24hr

point and rectum reference point of patient no-8,

Apphcator | Source Calculated | Calculated | Dose at | Dosc at
position dose at | dosc at | biadder rectum
no point A. point B reference relerence
noint puint

{cGy/hr) (cGy/hr) {cGv/hr) {cCiy/hr)
L. 16.54 382 3T 1.57
2. 218 3.94 477 LOR7

Medium

Uterine 25.16 4,08 6.35 2.30

Tandem 3.

218l 3.04 10.0% 3.24
4.

15.86 370 14.43 4.20
3.

17.51 5.94 7.55 15.43

Near 6.

ovoid 10.80 7.79 7.55 15.43
7.

4.017 1.61 7.53 15.43

Distant 3.

ovoid 3.34 1.51 7.55 1543
9.

Total dose | _ 137.552 3333 69.56 74.9

rate

Total dose | _ 3301.25 800 1669 1798

{cGy)
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Fig 7.8: {a} AP and (b} Latera! X-ray radiograph of patient no-8
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Case -9 Date: 1509 (1
Name: Mrs. Panna Prescribed dose at *FA* = 2430 ¢Gy
Apc: 50 Total rudioactivity:

Reg no: O1/888 360 mCi = 1332 GBq

Diagnosis: CA corvix, Stage L b Dose ratc {cGy/ hry = 123
Intracavitary Apphcator; Uterine tube Total no of sources: 5+(2+2).
length - 3.5cm Total treatment time = 19.92hr
Owvoid - 2cm

Table 7.9: Caleculation of absorbed dose at point A, point B, bladder reference
point and rectum reference point of patient no-9.

Applicator | Source Culculated | Calculated | Dosc at | Dose at
position dose at | dose at | bladder rectum
no point A point B reference reference
point point

{cQy/hr) {cGyihr) {cGy/hr) {cGy/hr)
1, 23317 4 513 ENg|
25.145 4 6.93 4.05

Medium 2.

Uterine 23317 4 8.06 5.13

Tandem 3.

14,63 3.53 14.22 7.47
4.

10 3.14 18.79 .84
5.

13.736 4.58 0.39 17.63

Neur ovoid | 6,

8.0 30 2.39 17.63
7.
4.75 171 $.39 17.63

Distant 8.

ovoid 3.844 1.63 0.39 17.63
9

‘Total dose | _ 127.34 305 91.67 100.11

rale

Total dose 2536.6 607.4 1826 1994.2

{cGy)
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Fig 7.9: (a) AP and (b} Lateral X-ray racliograph of patient no-9



Case -10:

Name: Mrs. Hasna begum.

Ape: 55 yrs,

Reg no: 93701
Diagnosis: CA cervix Stage ITh

Intracavitary Applicator: Uterme tube

length — 5em

Ovold — 2em

Table 7.10: Calculation of absorbed dose atl poiot A, point B, bladder reference
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Dyate: (33 09 01

Prescribed dose at *A* = 2500 ¢Gy
Tonal radioactivity:

350 mCi = 13.32 GBg

Dose rate (¢Gyf hry = 125

Total no of sources: 5+(2+2).

Total treatment time = 19.92hr's

point and rectum reference point of patient no-10.

Applicator | Source Calculated | Calculated | Dose at | Dose at
position dose at | dose at | bladder recium
No point A. point B reference reference
point point
(cGy/hr} {cOy/hr) {cGy/hr) (cOyihr)
1. 1073 321 372 1.82
1475 355 505 2.19
Medium 2.
Uterine 21.23 3.80 6.71 2.08
Tandemn 3
25.09 394 11.23 3.83
4.
21.24 3.80 17.14 5.05
5.
10.03 4.76 11.79 [5.43
Near ovoid | 6.
7.04 3.80 11.79 15.43
7.
4.15 1.69 11.79 15.43
Distant 8.
ovold 321 1.52 11.79 15.43
9.
Total dose | _ 117470 301 01.03 77.297
riale
Total dose | _ 2340.12 399.6 1813.3 1539.8
(cGy)
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Fig 7.30: {2} AP and (b} Lateral ¥-ray radicaraph of patient no-10
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Case -11: Dater 21.08.0!
MName: Mrs. Sufiz Begum Prescribed dose at *A’ = 2500 ¢Gy
Age: Not mentioned. Total rudicactivity:

Reg no: 540401 440 mCi = 16.28 GBy

Diagnosta: CA cervix Stage IIT b Dase rate (eGyf hry = 138.28
Intracavirary Applicator: Uterine (ube Total no of sources: 7+{2+2).
length ~ 6 cm Total treatment time = 18.08 hr
Owvoid - 2cm

Table 7.11: Caleulation of ahsorbed dose at point A, point B, bladder reference
point and rectum reference point of patient no-11.

Applicator | Source Calculated | Caleulated | Dose at | Dose Gl
position dose al | dose at | bladder rectum
no paint A, point B. refercnce reference

point paint
{cGy/hr) (cGyfhr) {cGy/hr) {cGy/hr)
I 6.6 2.66 2.88 1.03
8.85 292 3.59 1.9
2,
12.6 3.33 4.62 2.39

Long 3. '

Utenne 19.29 372 6.61 3.39

Tandem 4,

24.65 3.87 £.87 4.48
3.

200 84 IRy 1326 6 R4
&.

1535 3.59 1680} 023
7.

11.22 4.17 1078 14.96

Near &

Ovoid 7.24 344 10.78 14.96
9.

3.50 1.49 10.78 14.96

Distant 10.

ovoid 3.03 1.39 10,78 14 .96
il

Total dose | _ 133.224 34.5 99.75 89,843

rate

Total dese | _ 2408.68 623 1803 1624 36

LGy
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Fig7.11: (a) AP and {b} Lateral X-ray radiograph of patient no-11
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Case -12: Dale: 01.08.01
Name: Mrs. Nurun Nahar Prescribed dose at ‘A’ = 3000 cGy
Age: 50, Total radicactivity:

Reg no: 898/01 440 mC1 = 16.28 GBy

Diagnosis: CA cervix Stage IT b Dose rate (cGy/ hr) = 138.25
Intracavitary Applicator: Uterine tube Total no of sources: 7+(2+2).

length — 6 cm Total treatment time = 21.7 hr
Ovoid - 2cm

Table 7.12: Calculation of absorbed dose at point A, point B, bladder reference
peint and rectum reference point of paticnt no-12.

Applicatar | Source Calculuted | Calculated | Dosc at | Dose at
position dose at | dose at | bladder rectum
no point A point B, reference reference

point point
(cGy/hr) {cGy/hr) {cCiyhr) (cGy/hr)
i 4.98 243 2.14 1.023
6.42 2.82 2.03 1.223
2
0.04 3.22 3.30 1.452

Long 3.

Uterine 14.66 3.68 4.70 1862

Tandem 4,

21.32 3.83 6.22 24
3.

24.13 4.14 0.36 3283
6.

19.71 3.68 13.19 4.27
7.

10.18 4.14 0.33 18.955

Near ovoid | 8,

6.48 332 6.33 18,955
0.
4.49 1.80 6.33 18.955

Distant 10.

ovoid 371 1.60 6.33 18.955
11

Total dose | _ 125.11 34.062 66.86 G1.33

rate

Total dose | _ 2715 7522 1451 1982

(eGy) l




Bi

Fig 7.12: (a) AP and (b} Lateral X-ray radiograph of patient no-12

ziil
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Case -13: Drate: 21.07.04
Ovoid — 2em

Name: Mrs Yasmn.

Prescribed dose at ‘A’ = 2500 ¢cGy

Total radioactivity:
360 mCi = 13 32 GBg
Dose rate (cGy/ hr) = 125.94

Ager 38 yr's
Reg no: 697/01
Diagnosis: CA cervix Stage IT b

Intracavitary Applicator: Uterine tube

al est 5 :
length —Scm Total no of sources: 5+(2+2)

Toual (reatment tme = 1985 hr

Table 7.13: Calculation of absorbed dose at point A, point B, bladder reference
point and rectum reference point of patient no-13.

Applicator | Source Calculated | Calculated | Dose at | Dose at
position dose at | dose al | bladder rectum
no pont A, point B reference reference
point point

(cGvfhr) (cGylhr) {cGy/hr) {cCGv/hry
1 843 3.27 3.28 1.7
11.91 4.04 4.15 1.99

Medivm 2.

Utering 15.50 3.884 5.39 246

Tandem 3.

24.75 4.04 .54 3.46
4.

27.05 4,04 12.52 4.56
5

15.50 4,89 8.97 16.91

Near ovoid | 6.

K.BE 4.04 R.O7 1691
7.
3.64 1.436 8.97 16.91

Distant 8.

ovold 3.05 1.367 8.7 16.91
0.

Total dose | _ FIB714 3l 03,76 B1.8

rate

‘Fotal dose 2336.5 6153 1384.74 1624

{cGy)
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Fig 7.13: (a) AP and (b} Lateraj X-ray radiograph of patient no-13



Case -14:

Name: Mrs. Maymena begum.

Age: 65 yr's
Reg no: 97/

Diagnosis: CA cervix Stage [1 b

Intracavitary Applicator: Uterine tube

length — 6 cm
Ovoid — 2cm

Table 7.14: Calculation of absorbed dose at point A, point B, bladder reference

84

Diate: 28.02.01

Prescribed dose at ‘A’ = 3000 cGy
Total radioactivity:

440 mCi = 16.28 GBg

Dose rate {cGy/ hr) = 139.86

Total no of sources: 7+(2+2).

Total treatment time = 21.45 hr's

point and rectum reference point of patient no-14.

Applicator | Source Calculated | Culculated | Dose it | Dose at
position dose at | dose at | bladder rectum
no point A. point B, reterence reference

point point
{cCrv/hed {eCry/hr) {cGy/ihr) {cGy/hr)
L. 6.34 242 2.02 118
8.83 2.82 2.40 1.38
2.
11.69 3.25 2.86 1.68

Long 3.

Litenne 1882 3.67 3.82 227

Tandem 4

2382 398 4.58 2.88
5.

21.95 3.98 6.16 4.18
b,

1509 3.07 7.13 5.18
7.

12.47 3.11 398 14.38

Near ovoid | 8.

1.62 398 308 1438
.
4.62 1.84 308 [4.38

Dnstant 1,

ovoid 3.67 1.65 398 14 38
11,

Total dose | _ 134,52 36.37 44.9 76.26

rate

Total dose | _ 2894 7802 963 1636

(€Gy)
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e

Fig 7.14: (a) AP and {b) Lateral X-ray radiograph of palient no-14
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Case -15; Date: 23.01.01
Name: Mrs Momtaz Begum. Prescribed dose at ‘A” = 2300 cGy
Age: 50 yr's, Total radioactivity:

Reg no: (/1263 360 mCi = 13.32 GBq

Diagnosis: CA cervix Stage II b Dose rate (cGy/ hr) = 126.96
Intracavitary Applicator: Uterine tube Total no of sources: 5+(2+2).
length — Sem Total treatment time = 19.68hr's

Ovoid - 2.5 cm

Table 7.15: Calculation of absorbed dose at point A, point I8, bladder reference
point and rectum reference point of patient no-15,

Apphicator | Source Caleulated | Caleutated | Dose at | Dose al
position dose at | dose at | bladder rectum
na point A, point B relerence reference
point point

feCyv/hr) {cGy/hr) {cGy/hr) {cGy/hr)
L. G.09 3.17 2.09 126
15,35 349 383 1.50

Medium 2.

Utcrine 20.65 3.868 3.08 1.85

Tandem 3

23.28 4015 7.63 237
4.

22,33 4015 10.87 3.07
5.

22.33 7.397 53 9.66

Near ovoid | 6.

12.3] 3.52 3.31 D.66
7.
5.55 1.87 5.31 9.66

Distant 8.

ovoid 4.51 L1716 531 9.66
9,

Total dose | _ [38.3 33.006! 31.64 48.69

rate

Total dose 2722 690 1016.3 858.22

{cGy)
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Flg 7.15:  {a) AP and (o) Lateral X-ray radiograph of patient no-15



Case -16;

MName: Mrs. Monowara,

Age: 45yr's.

Reg no: 0071082

Diugnosis: CA cervix Stage III b

Intracavitary Applicator: Ulerine tube

length — Scm
Ovpid — 2em

Table 7.16: Calculation of absorbed dose at point A, point B, bladder reference

88

Date: 24, Q00

Prescribed dose at ‘A = 2578 cGy
Total radioactivity:

360 mC1 = 13.32 GBgq

Daosc rate (cGy/ hr) = 127.82

Total no of sources: 5+{2+2).

Total reatment time = 20016 hr

point and rectum reference point of patient no-16,

Applicator | Source Calculated | Caleulated | Dose at | Dose at
position dose at | dose at | bladder recium
no point A. point B relerence reference
point peint

{cGy/hr) {cGy/hr) {cGy/hr) {cGy/hr)
L. 12.67 396 10.33 23R
17.54 4.44) 1595 3.08

Medium 2.

Utenne 23.69 4,74 26.%9] 3.99

Tundem 3.

2573 4.93 54.78 5.89
4.

20.25 4.74 6l.16 8.75
3.

9.12 493 127775 17.94

Near ovoid | 6. )

517 3.70 12,775 17.94
7.
4.30 1.94 12775 17.94

Distant 8.

avold 3.23 1.66 12775 17.94
Q.

Total dose | _ 122.3 35 220.22 95.86

rate

Total dose | _ 2405.6 705.0 4439 1932

(eGy)
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Fig 7.16: {a) AP and (b} 1 ateral Xray radiograph of patient no-16
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Case -17: Date: 07.10.00
Age: 32 yr's, Prescribed dose at “A” = 3500 cGy
Reg no: 2000/948 Total radioactivity:

Piagnosis: CA cervix Stage I b 440 mCi = 16.28 GBg

Intracavitary Applicator: Uterine tube Diose rate (cGy/ hr) = 140.94

length — 6 cm Total no of sources: 7+(2+2),
Ovoid - 2.5cm Total treatment tme = 24.83 hr

Table 7.17: Calculation of absorbed dose at point A, point B, bludder reference
point and rectum reference point of patient no-17,

Tppii::aiur Source Calculated | Calculated | Dose at { Dose &t
position dose at | dose at | bladder rectum
no point A. point B, reference reference

pomnt point
{cGy/hr) {cGyihr) {cGy/hr) {cCGy/hr)
i T.28 3.12 1.98 (.98
10,27 341 2.40 1.15
2.
14.55 377 2.98 1.34

Long 1

Uteringe 24.08 4.03 423 1.79

Tandem 4.

26.13 4.03 5.75 2.23
A

20.65 377 9.08 3.04
B,

13,68 34] 13.67 3183
7.

13.68 4.65 7.04 11.38

Near ovoid | 8.

8.77 392 764 1138
4.
377 1.34 7.64 11.38

Distant 10.

ovoid 3.28 1.50 7.64 11.38
11,

Total dose | _ i46.13 37.16 T0.65 59.88

rate

Total dose | _ 3628.5 0922.65 1754 1487

(cGy)
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Fig 7.17: {a) AP and {b) Laieral X-ray radiograph of palient no-17



Case -18;

Name: Mrs Zarina.

Age: 32 yr's.

Reg no: 2000/94 8

Diagnosis: CA cervix Stage b

Intracavitary Applicator: Uterine tube

length — 6 cm
Ovoid — 2 5¢m

92

Datc: 18.00.00

Prescribed dose at ‘A* = 3453 ¢Gy

Total radicactivity:

440 mCi = 16.28 GBq

Dose rate (cGyf hr) = 140,94
lotal no of sources: 7+{2+2).
24.50

Total treatment time

Table 7.18: Culculation of absorbed dose at point A, point I, bladder reference
point und rectum reference point of patient no-18.

Applicator | Source Caleulated | Caleulated | Dosc at | Dose at
pusition dose at | dose at | bladder rectum
no point A, point B. refercnee reference

point point
{cGylhr) {cGy/hn {cCiv/h) (cGyfhr)
L. 6.07 2.61 1.71 0.84
3.05 3.03 2.12 0.98
2.
11.72 3.45 2.56 115

Long 3.

Uterine 18.77 3.95 3.46 1.52

Tandem 4.

2400 4.11 4.70 1.91
5.

2212 3.96 6,58 2.63
6.

[6.27 3.69 G.50 3.32
7.

20.45 6.92 475 592

Near ovoid | B.

[.17 5.36 4.75 592
0,
4 66 1.68 4.75 592

[hstant 10,

avoid 380 1.62 4.75 592
11,

Total dose | _ 147.08 40.39 50 36

rate

Total dose | _ 3603 .65 a0 12235 R824

Gy}
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Fig 7.18: (a) AP and (b} Lateral X-ray radiegraph of palient no-18
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Table; 7.19

Percentage variation of calculated dosc at point ‘A’ with the prescribed dose
(Supphers value} at the swme point

Paticnts | Date Stage Preseribed Calculated g
na. dose at "A’ dose at “A° Yariation at
{cCiy). (cGy). point “A”

L 07.10.03 M 2700 2770.00 +2.60

2. 19.03.02 1Ih 2600 2566.17 -1.30

3 Hh 3000 2983.85 -0.53
02.01.02

4. IIb 2500 252280 +1.00)
19.01.02

3. Iih 2500 2661.76 +6.47
12.01.02

o. 1Ib 2500 245%.00 -1.64
23.12.01

7. ITIb 3000 2991.00 -0.30
(5.11.01

8. 1lib 3000 3361.00 +10.00
(8.10.01

0. ile 2430 2530.60 +4.38
15.09.01

10. 11 2500 2340.00 -6.40
(i3.09.01

1T, b 2500 240900 -3.65
21.08.01

12, 1Ib 3000 2715.00 -9.50
01.08.01

13. Ilb 2500 2356.50 -5.74
21.07.01

14. IIb 3000 2894.00 -3.53
23.02.01

15 11b 2500 272200 +H.88
230101

te. IHib 2578 2465.60 -4.36
24.10.00

i7. 11b 3500 3628.50 +3.67
07.10.00

18, IIb 3453 3603.65 +4 36
18.09.00




Tahle: 7.20

95

Percentage variation of calculated dose at point *B” with the suppliers stated value at

the same point

Fatients | Date Stage suppliers Calculated % Vanation
no. stated value at | dose at *B’ at point ‘B’
Point ‘B’ (CGy)
{CGy)

1. 07.10.03 [llb 730.00 693 -5.13

2. 19 03.02 ITh 659,28 612 -1.72

3. b R11.92 816 +0.50
02.01.02

4, IIb 030 70 6B -5.12
19.01.02

5. ITh 63070 6035 -4.25
12.01.02

6. ITh 645.95 626 -3.19
23.12.01

7. b 760 65 748 -1.69
05.11.01

8. 1k F60.41 00 +4.95
08.10.01

g, IIb 631.14 607 -3.98
15.09.01

10. I 631.14 600 -5.19
03.09.01

11 b 676.51 623 -8.59
21.08.01

12. lib 811.97 752 -7.94
01.08.0]

i3 b 633 B 616 -2.89
21.07.M

14. b 811.98 78 -4.10
28.02.01

15. Tb 633,23 690 +8.23
23.01.01

16 111b 653.64 T05.6 +7.36
24.10.00

7. b 04714 923 -2.6l1
07.10.00

1§. ITh 934.14 990 +5.60
18.09.00




Table: 7.21

Percentage of calculated dosc at point ‘B’ with the Calculated dose at point *A’

Panents | Date Stage Calculated Culculuted %
ne. dose at “A’ dose at point | Variation
{CGy). ‘B’ wilh
caleulated
dose at “A’

1. (7.10.03 Mb 2770.00 695 25.09

2. 19.03.02 IIb 23606.17 612 23.85

3, [V 208385 8§16 27.35
02.01.02

4. Iih 2522 80 600 2378
19.01.02

3 Ib 260176 605 2273
12.01.02

6, Ith 245900 626 2546
23.12.01

T IIIh 259100 743 25.00
05.11.01

8. ITTh 3301.00 g00 24.23
(08.10.01

Q. Ib 2536.60) 607 2393
15.00.01

L. b 2340.00 600 25.64
03.09.01

I IIb 240900 623 2580
21.08.01

12, ITh 271500 752 27.69
(H.08.01

I3. 114 2356.50 616 20.14
21.07.01

14, 116 2894.00 780 26.95
28.02.01

15, 1]y 272200 690 2535
23.01.01

16. b 2465.60 705.6 28.55
24, 10.00

17. Iib 3062850 023 2544
(07.10.00

18. [+ 3603.65 490 27.47

[8.05.00




Table: 7.22

Percentage of calculated dose at bladder reference point with the calculated dose at

Point “A ",

Paticnts | Date Stage | Calculated dose [ Calculated h of

no. al A’ dose at | caleulated

{CGy). Bladder dose at -point
reference point | CAT
{CGy).

l. b 2770.00 1832.50 66.15
7.10.03

2. Ilb 2566.17 3867.20 150.69
19.03.02

3 b 2983.85 1830.00 61.33
02.01.02

4. b 2322 R0 419720 166.37
19.01.02

3. Il 2661.76 T8G (K) 2953
12{H.02

) It 245000 2305.00 93.74
23.12.01

7. 111b 2991.00 3498.00 11695
05,11 01

8. 11ib 3301.00 1669.(H) 50.56
08.10L01

9. Ith 2536.60 1826.00 71.98
15.09.01

I} Ib 2340.00 1813.30 Fidg
03.09.01

LE 11T 2409 .00 1803.50 ¥4.86
21 08.01

12, Ib 2715.00 1451.00 53.44
01.08.01

13 ITh 23356.50 1384.74 58.76
21.07.01

14. Ith 2894 00 963.00 327
28.02.01

15. Hhb 2722.00 101630 37.34
23.01.01

16. ITTh 2465 60 44309 .00 186
24.10.00

17. It 3628.50 175414 48.34
07,1000

18. b 3603 65 122350 33.95
18.09.00

el
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Table: 7.23

Percentage of calculuted dose ar rectumn reference point with the calculated dose at
point ‘AL

Patients | Dale Stage | Calculated Calculated dose | % of
no. dose at point | at Rectum calculated
‘A’ reference point | dose at point
{CGy). {CGy). ‘A
I. [k 27000 1267 43.74
07.10.03
2, Itb 25606.17 1678 65.39
19.03.02
ITh 2983.85 1337.73 44.83
3. (2.01.02
ITh 2522 RO 075.39 3B.66
4. 19.01.02
b 2661.76 2759 38 103.67
3. 12.01.02
6. IIb 2459.00 1462.7 5948
23.12.01
R b 299100 1523.27 50.93
(5.11.01
g IIib 3301.00 1798 34.46
08.100.01
Ik 2336.60 1994 4 78.62
9. 13.09.01
lib 2340.00 153975 63.80
10. 03.09.01
jiila] 2409.00 162436 67.43
. 21.08.01
lib 2715.00 1982 73.00
12, 01.08.01
iIb 2356.50 1624 68.91
13 21.07.01
Ik 2894.00 1636 56.53
14. 28.02.01
5. 1Tb 272200 058 33.19
23.01.01
16. UIb 2465.60 1932 T8.36
24.10.00
ITh 3628 5 1487 40.98
17 07.10.00
Iih 3603.05 88241 24 48
18, 18.09.00




99

DISCUSSION

In oncological unit of Delta medicat centre Lid. 1 case of brachylherapy treatment of
cervical cancer patients, physician prescribed the A point dose prior insertion of the
source. The medical physicist calculates the rradiation time using supplier’s stated
vitlue.  But as there is no compulter fucility for treatment planning and fack of
adequate manpower, it is nol possible to calculate the absorbed dose at point A and B.
Manually the calculation process is very time consuming and complicated procedure,
In Delta oncological unit, the rectum and bladder dose is calculated by the physicist
using both the AP & lateral radiograph of the patient, which are taken after patent
preparation with the applicator (without source), catheter and rectal marker filled with
contrast media. If they find the rectum and bladder dose above the tolerance level,
they inform it to the oncologists and based on this caleulation the physician can make
an immediate decision on whether or not to continue with the treatment or to modify

with the application.

In brachytherapy dose distribution usually necds to be computed in planes related 1o
the main direction of the implanted sources ", Based on this reference the dose rate
and total dose of 18 patients dated from 18.09.00 to 07.10 03 was calcufated al A, B,
rectum and bladder reference point using Equation-1, stated in chapter-6. The results
are summarized from Table- 7.1 to 7.23, The calculated and prescribed dose variation
at point “A’ was found to be from —9.50% to +10% among 18 patients, which are
shown tn Table - 7.19. The Paterson- Parker and Manchester system was developed
to deliver uniform dose (within + 10%) to a plane or volume ™. So the dose
dehvered at cervix cancer treatment in oncelogical unit of Delta Medical Centre,

Dhaka, 13 compatible with the Intemational standard.

Calculation of absorbed dose at pomt B is also done in (his thesis work. The
calculated and stated dose varisiion at point ‘B” was found to be —8.59% to 8.23%
among 18 patients, which are shown in Table-7.20. The coated value by the suppliers
at point B is found to be 27 % of point A for long ulerine tandem and ovoid sources
und 25.35 % of point A for medium ulerine tandem and ovoid sources. In this present
study, the result for long uterine tandem and ovoid sources for 7 patients was found to

be 25.09 % to 27.69 % of calculated dose at point A. In case of medium uterine
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source the lowest value was 22.73% and highest value was 28.63% of calculated dose
at point A, which are also compurable with the suppliers stated value '™ and also
comparable with another research work done by A, A, El-Masry ¢t al "® The piper
presents the results of computer dosimetry of external beam and intracavitary
iradiation in 50 patients with carcinoma of the ulerine cervix in Alexandria
University Hospital, Egypt. The extent of the tumour and the pasition of critical
neighboring organs were determined for chinical dosimelry and their result at B point

dose did not exceed 30- 40% of the dose at point A.

We also calculated the absorbed dose at bladder reference paint and rectum reference
poinl. As these two organs arc the most cntical organ 1 case of reatment of corvical
cancer patient. The maximum dosc to bladder and rectum should be as far as
possible, less than the dose to point A (e. g 80% or less of the dose to pont A,
However the dose distribution patteras will vary from patient (o patient, depending on
the vaginal packing, patient anatomy and the source geometry achieved. Owing to

shor trealment distance, the geometry of source distrbution is critical .

In this present study, according to Table-7.22 and Table-7.23 it was found that, 13 om
of I8 patients the dose at bladder reference point was below R0%% and in case of 17
paticnts the dose at reclum reference point was below 804% of A point dose. In case of
above 80% dose at bladder point (5 cases) it is ohserved that every case the bladder
Wias VEryY Near position o tundem source as found in the lateral view, which are shown
in Fig-7.2, 74, 7.6, 7.7 and 7.16. In case of above 80% dose at reclum reference point
(! case) it 15 observed that the ovoid sources was very near to the rectum meference

point. This is shown 1n fig-7.5.

In last two cases the same patient was treated within one-week gap. But for nearly the
same prescribed dose (3453 ¢Gy and 3500 ¢Gy) the bladder and rectum got the dose
1223 5 ¢Gy (33.95 % of calculated dosc at point A) and 882.41 cOy (2448 % of
culculated dose at pont A) at the first insertion done on 18.09.00. The same patient’s
bladder and rectum dosc were 1754,14 cGy (48.34 9% of calculated dose at point A}
and 14R7 (40,98 % of calculmed dose ail point A} at the second inserljon done on
07.10.00. The bladder and rectum dose at the second time increases to 43% and 68%
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of the first time. This is because, the rectum and bladder distance {due (o the vaginal

packing) from (he sources at the [irst time was greater than at the second time.

N. Petousst et al " calculated the absorbed doses using Monte Carlo Caleulation,
resulting from radiotherupy treatment of cervical cancer (o various argans and tissues
in the body. It was a part of a large radiation study supporied by world health
organization and mvolves the follow — up of 30,000 women treated for cervical
cancer. As an example they have shown some organ doses for three of the cases {cuse
1, cage2 and case3) including the follow-up study of the WHO. From their study it
was also found that, in casel, the patient was treated only by brachylherapy, the
bladder dose was found o be 4515c¢Gy, rectum dose for this patient was 1732 cGy. In
second casc the panient was treated with single ovoud plus external AP+PA fields, the
bladder dose was found to be 5547 ¢Gy, rectum dose 1767 ¢Gy . In third case the
patient was treated with ovoids, applicators plus split AP + PA fields, the bladder dosc
for that case was 8334 cGy and rectum dose was 2900CGy. In this thesis work the
highest bladder dose was found to be 4439 ¢Gy, which is less than that value found 1n

lirst case and the highest rectum Jose was found (o be 2759 cGy,

The I8 patients, who were treated by brachytherapy combined with external
teletherapy, were found to be with good condition. It 1s also found that their lenpevity
18 also increasced™?. Therefore by the calculation of absorbed dose at point A, point B,
bludder reference pmnt and rectum reference point in each case and by the
verification of A point and B pomnt dose with the suppliers stated value, we can

achieve a good control of treatments in brachytherapy.
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Chapter VIII
CONCLUSICN

According to TAEA-TECDQC-1040, 1998, cancer of the cervix is the leading female
cancer in developing countrics, like Banpladesh. In our country 37% of all the
femate cancers is cervical cancer. Brachytherapy 1s an integral pant of the treatment of
cervix cancer. In pnmary stage the disease is curable only by brachytherapy. But as
most of the patient of our country is first seen in relatively advanced stages of the
discase so with brachytherapy, exlemal beam therapy is also essential. In our study
we caleulated the sbsorbed dose at pomnt *A’, point *B’, Bladder and Rectum for
brachythcrapy patients in Delta medical center Limited, Mirpur, Dhaka. From this
thesis work 1t is found that the percentage variation at point *A’ and ‘B’ with the
suppliers staled value was within the intermational standard, As there is no TPS
(Treatment Planning System) in any radiotherapy department in our couniry, the
process of radiatton dose verification with supplers stated value in case of
brachytherapy treatment will ensure better patient management. This is the first type
of work in our country. From the linuted study in Delta Medical Centre Ltd., Mirpur,
Dhaka, thiz study can be extended over other Brachytherapy facilities in the country,
Furiher study should be necessary over exlemal veam therapy also. There are few
suggestions have given below for the consideration of the government.

* Government should install brachytherapy facility at least every medica
college hospital so that the poor patients can have treatment at iow cost,

¢ Every radiotherapy depariment should be equipped with (TPS), for better
patient management.

* In cuse of low dose rate brachytherapy the manual afterloading should be
replaced with remote afterioading for the radiation safety of the personnel
involved,

* According to TAEA-TECDOC-1040, 1998, the medical physicist’s
responsibilities cover lour major areas: dosimetry, radiation safety, quality
control, and equipment selection and as 4 minimum each radiotherapy cetre
shall have at least one medical physicist as a faculty member. So medical
physicist post should be created for every radictherapy department in our

country,
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