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Kurzfassung

In der radiologischen Therapie, im Besonderen in der Brachytherapie ist es erforderlich für

jeden Patienten eine individuelle Bestrahlung durchzuführen. Für die erforderlichen Be-

strahlungsberechnungen stehen Bestrahlungsplanungssysteme zur Verfügung. Diese unter-

liegen, aufgrund der hohen Anforderungen, speziellen Richtlinien und müssen regelmäßigen

Überprüfung unterzogen werden.

Für diese Überprüfung stehen unterschiedliche Normen bereit. Diese Normen beinhalten

derzeit für die Brachytherapie keine Vergleichsmessungen zwischen kalkulierten Planungswert

und Bestrahlungswert, wie sie in der Teletherapie bereits verwendet werden. Um diese Ver-

gleichsmessungen auch für die Brachytherapie umzusetzen, wird in dieser Studie überprüft,

ob mit Detektoren, die bereits in der Teletherapie angewendet werden, Messungen auch im

Brachybereich mit guten Ergebnissen möglich sind. Mittels dosimetrischer Messungen werden

diese Daten erhoben, um die Plausibilität der berechneten Daten zu überprüfen.

Für die Versuchsreihe stehen High Dose Rate (HDR) Ir-192 Quellen zur Verfügung. Die Mes-

sungen werden mit zehn unterschiedlichen Detektoren sowie zwei Elektrometer von den Her-

stellern iba und PTW durchgeführt. Die Messungen erfolgen in Wasser-Phantomen. Es stehen

drei unterschiedliche Phantome zur Verfügung, von denen zwei speziell für diese Versuchsreihe

konstruiert und angefertigt wurden. Die erhobenen Daten werden mittels der berechneten

Werte des Oncetra Brachy Planungssystems des Herstellers Nucletron/Elekta verglichen. Die

Messergebnisse liefern sehr positive Ergebnisse.

Zusammengefasst lässt sich sagen, dass eine Anwendung der Detektoren auch für die

Brachytherapie einsetzbar ist. Dies ermöglicht es, dass Vergleichsmessungen in der Abnah-

menorm von Brachytherapie Einrichtungen mit aufgenommen werden können.

Schlagworte: Brachytherapie, Bestrahlungsplanungssystem, Ir-192, High Dose Rate (HDR),

Detektoren



Abstract

In radiological therapy, especially in brachytherapy, it is necessary to carry out individual ir-

radiation for each patient. Treatment Planning System (TPS) are available for the necessary

radiation calculations. Due to the high requirements, these are subject to special guidelines

and must be regularly checked.

Different standards are available for this review. These standards currently do not include com-

parative measurements between calculated dose and irradiation dose for brachytherapy, as

they are already used in teletherapy. In order to implement these comparative measurements

for brachytherapy as well, this study will examine whether measurements in the brachytherapy

range are also possible with good results using detectors that are already used in teletherapy.

By means of dosimetric measurements, these data will be collected in order to check the plau-

sibility of the calculated data.

High Dose Rate (HDR) Ir-192 sources are available for the test series. The measurements

are carried out with ten different detectors and two electrometers from the manufacturers iba

and PTW. The measurements are carried out in water phantoms. Three different phantoms are

available, two of them were specially designed and manufactured for this series of experiments.

The collected data are compared with the calculated values of the Oncetra Brachy planning

system from the manufacturer Nucletron/Elekta. The measurement results are very positive.

In summary, it can be said that one application of the detectors can also be used for brachyther-

apy. This makes it possible to include comparative measurements in the acceptance standard

of brachytherapy facilities.

Keywords: Brachytherapy, Treatment Planning System (TPS), Ir-192, High Dose Rate (HDR),

Detectors
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1 Introduction

1.1 Problem area

In radiotherapy, to provide patients with optimal care, it is necessary to carry out extensive treat-

ment planning. In the age of computers, medical physicists and technicians are supported by

dedicated Treatment Planning System (TPS). Especially in brachytherapy, where the radiation

source is positioned directly inside the body, by usage of applicators, the patient is exposed to

a high radiation dose [1, p. 1], [2]. This requires precise treatment planning of the irradiation

and thus places high demands on staff and equipment. To avoid errors, irradiation TPS are

subjected to regular Quality Assurance (QA) tests, which are regulated by various standards.

These QA tests are based only on recalculations or checks with existing data [3], [4]. Therefore

it is planned to carry out QA measurements. For this purpose, different phantoms with sim-

ple geometry and different detectors will be used. By comparing the measured and calculated

dose, errors in the TPS can be detected.

The problem described above gives rise to several hypotheses for the study:

• Is a regular change in quality control necessary at all?

• Are the calculations of the TPS at all comparable with measurements, as the detectors

are used usually in teletherapy?

• How far do measured and planned doses differ?

• Based on the detectors available for measurements, which are the most suitable once?

In order to answer these questions, quantitative methods are used to collect data to check the

plausibility of the calculated data. For this purpose, the measured data are compared with the

calculated data to be able to determine the deviation. These differences is decisive. During

these measurements, a guideline is to be developed on how the measurements are to be

carried out. Independently of this bachelor thesis, the guideline will later be integrated into the

QA. Thus, this bachelor thesis is the cornerstone for the amendment of the ÖNORM S 5296

[4].
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1.2 Insight into the matter

1.2.1 Brachytherapy

The word brachytherapy (<gr.> [βραχυ] brachy, <engl.> short) means short-distance therapy.

This means that a radiation source is applied inside a localised tumour. The steep dose gradient

of a radiation source is used. Near the source, the dose falls very quickly due to the inverse

square law (1/r2). This causes an increase in radiation in the vicinity of the tumour, but the

surrounding tissue or organs are spared due to the steep fall-off [5, p. 123], [6, p. 580]. The

purpose of this radiation enhancement is to damage the Deoxyribonucleic acid (DNA) in the

human cell nucleus by means of ionising radiation. The aim of this targeted damage is to

damage the tumour cells so irreversibly that it goes into cell death or suffers permanent cell

cycle arrest. Cell cycle arrest is when cells are no longer able to divide due to their damage.

The cell death itself does not appear immediately, the cell is still able to proliferate for a certain

time, but mostly it has lost its ability to divide indefinitely, which is equivalent to apoptosis due

to the DNA damage. For targeted damage of the tumour, doses of approx. 20 - 100 Gy are

necessary; it is important that the dosage is adapted to the healthy tissue. Only the dose that

does not cause serious radiation consequences in the healthy tissue but still is high enough to

eliminate the tumour should be administered [7, pp. 25, 35]. [8, pp. 29–30]

Steel cable 316L steel capsule

316L steel weldIr192

Air

Figure 1: Structure of the Ir192 source with comparison to a photo of a dummy source. All dimensions
are in mm (Source: modified taken from [9, p. 79]).

Various devices such as applicators, tubes and needles are available for guiding the source

inside the patient. However, the core piece for successful brachytherapy is the afterloader.

It contains the Ir192 source with the dimensions 3.5/0.6 mm (W/H) [9, p. 79]. This source is

encased in a stainless steel capsule which is located at the end of a twisted steel cable. A

picture with the dimensions of the source and a source cable can be seen in figure 1. The

source itself is located in a safe in the afterloader. When irradiation is initiated, a dummy source

first travels through the applicator. This is to check that the transfer tube and applicator are

free of obstructions and of the correct length. Only then the source moves out of its safe and

travels via the transfer tube to the applicator. The dummy source and the source are controlled

by means of a stepper motors that can control step widths of 1 mm. It is also possible to move

the source out via one of several channels. An picture of the Afterloader devices is shown in

figure 2. [8, pp. 84–88]
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TDU

Treatment Delivery Unit

TCP

Treatment Control Panel

TCC

Treatment Communication Console

Figure 2: The Afterloader Treatment Delivery Unit (TDU) and his peripheral devices Treatment Control
Panel (TCP) and Treatment Communication Console (TCC) (Source: modified taken from [10]).

1.2.2 Ir192 Source

In brachytherapy in particular, it is necessary to use different nuclides depending on the area

of application. Whether irradiation is carried out by means of an afterloader or direct imple-

mentation in the body by means of seeds places different demands on the nuclide. For use in

afterloaders, nuclides with a long half-life and high specific activity are preferred. Long half-lives

allow the source to be in use for a long time, especially for nuclides that have to be produced

artificially, a long usability represents a cost saving. A high activity makes it possible to pro-

duce very small-volume sources, which in turn make it possible to produce small and elastic

source cables. Furthermore, it should be considered into which products the nuclide decays,

as the decay products could also form radioactive substances. The most widely used isotope

in brachytherapy in Europe is Ir192 [11]. Its half-life of 73.81 days and its high specific activity of

340.98 GBq mg-1 qualify it for use in afterloaders [12, p. 5]. [8, pp. 34–35]

Ir192 is generated from an Ir191 nuclide and the (n,γ) reaction [13]. In the (n,γ) reaction, a

thermal neutron is captured in a reactor by the target nucleus, in this case Ir191, forming a com-

pound nucleus [14, p. 128]. By a thermal neutron Krieger et al. mentioned, that a "neutron

whose kinetic energy is of the order of the most probable thermal energy of a gas atom at room

temperature" [15, p. 203]. As a conclusion it can be said that a High Dose Rate (HDR) Ir192

source is created by Ir191 absorbing a neutron. [11]. Sources whose dose rate is higher then

12 Gy/h count as HDR sources [2].
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Figure 3: Decay schema of the radioisotope Ir192 (Source: modified taken from [16], [17]).

Ir192 decays by β radiation into platinum and by Electron Capture (EC) into osmium, both nu-

clides are stable [16]. During its decay, it emits 2.3 gamma rays per decay with an average

energy of 0.355 MeV [13], [8, p. 35]. A decay schema with the exact energy levels can be seen

in figure 3.

1.2.3 Treatment Planning System (TPS)

A TPS is defined in the standard Norm S 5295 as a programmable electronic system, which

also includes all connected peripheral devices, that is used to simulate a radiation application

to a patient. In practice, this means that calculations are made with calculation algorithms and

stored databases that enable radiation planning. In addition to the special technical advances

of recent years, Computed Tomography (CT) images of the patient can be fed into the TPS and

thus optimise the treatment planning. Despite this progress, the formulas and data on which

the calculations are based have remained largely the same. For TPS, the basis is Task Group

No. 43 Report of American Association of Physicists in Medicine (AAPM). This report contains

all the necessary formulae, including an explanation of them. Furthermore, for each radiation

source of the different manufacturers a short description is given with a technical drawing as well

as the tables with the data for the anisotropy function. The Klinik Donaustadt has an Oncentra

Brachy TPS which calculates dose rate using the equation 1. [18], [9], [19]
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