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Abstract 
The aimThe aimThe aimThe aim: To compare mean inactivation doses between the triangular and the V-shaped; 
the triangular and conventional; and V-shaped and conventional patterns of dose delivery 
on prostate tumour cells, with α/β ratios of 1 Gy, 1.5 Gy and 3 Gy. 
 
Design and methodDesign and methodDesign and methodDesign and method: A total of 45 treatment plans created for prostate tumours, using 
conformal radiotherapy techniques, six treatment fields, and dose per fraction of 2 Gy 
were sequentially collected. The beam weightings and treatment field positions used in 
the creation of these treatment plans, as well as prostate tumour cell kinetic parameters 
from literature, were then used to perform computational simulations, using the Virtual 
Cell Radiobiology programme Version 2 to calculate tumour cell survival. The mean 
inactivation doses for each α/β ratio and for each dose delivery pattern were calculated. 
 
ResultsResultsResultsResults:  
For the comparison between: (i) the triangular and conventional dose delivery patterns 
across the three α/β ratios, the results showed a non- significant difference, with 
p=0.5436;   (ii) for the triangular and V-shaped patterns of dose delivery across the three 
α/β ratios, the results indicate that the triangular pattern is not statistically different from 
the V-shaped pattern, with p=0.5436; and (iii) for the V-shaped and conventional patterns 
of dose delivery, a non-significant difference with p=0.5436 was observed. 
 
DiscussionDiscussionDiscussionDiscussion: The observed non-significant differences in mean inactivation dose from the 
different dose delivery patterns is attributed to 1) treatment times that are shorter than 
the sub-lethal damage repair half times; (2) high dose rates used in conformal 
radiotherapy techniques; and (3) the small size of individual dose fields.    
ConclusionsConclusionsConclusionsConclusions:     
The study demonstrated that the suggested triangular and V-shaped patterns of dose 
delivery do not result in different biological effect when implemented to 3-D conformal 
treatment techniques.  
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Glossary of TermsGlossary of TermsGlossary of TermsGlossary of Terms 

 

3333----D conformal radiation therapyD conformal radiation therapyD conformal radiation therapyD conformal radiation therapy    
A treatment technique where the radiation treatment beams used are shaped to conform 
to the shape and size of the target volume. 
 
αααα////ββββ    ratioratioratioratio    
The ratio of the parameters α and β in the linear quadratic model. It is used to 
characterise the radiation sensitivity of normal tissue, as well as tumours.1, 21, 55  
 
AberrationAberrationAberrationAberration    
Atypical development or growth.1 
 
AcentricAcentricAcentricAcentric    chromosomechromosomechromosomechromosome    
A chromosome fragment without a centromere.1 
 
Algorithm Algorithm Algorithm Algorithm     
In mathematics and computer science, it is an effective method expressed as a finite list 
of well-defined instructions for calculating a function.  
 
Base pairBase pairBase pairBase pair    
A pair of complementary nitrogenous bases in a DNA molecule, adenine pairs with 
thymine, and guanine pairs with cytosine. It is also the unit of measurement for DNA 
sequences.21 
 
Beam weightingBeam weightingBeam weightingBeam weighting    
The individual dose contribution from each treatment field. 
 
Chromosomal aberrationChromosomal aberrationChromosomal aberrationChromosomal aberration    
Any change resulting in duplication, deletion, or rearrangement of chromosomal 
material.1, 21   
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Cell survival fraction Cell survival fraction Cell survival fraction Cell survival fraction     
The fraction of cells that survive a dose of radiation.1 
 
Dicentric chromosomeDicentric chromosomeDicentric chromosomeDicentric chromosome    
A chromosome with two centromeres.1, 21, 65 
 
DifferentiDifferentiDifferentiDifferential equational equational equational equation    
Mathematical equation for an unknown function of one or several variables. 
 
Dose rateDose rateDose rateDose rate    
The radiation dose delivered per unit time, for instance, in grays per hour.1, 21 
 
DoubleDoubleDoubleDouble----strand breakstrand breakstrand breakstrand break    (DSB)(DSB)(DSB)(DSB)    
A break in both strands of a DNA molecule.1, 21, 55 
 
Gray (Gy)Gray (Gy)Gray (Gy)Gray (Gy)    
A unit of absorbed dose. 1 Gy = 1 J per kg.1, 21, 55 
 
He La cellsHe La cellsHe La cellsHe La cells    
A cell type in an immortal cell line used in scientific research. It is the oldest and most 
commonly used human cell line.61 
 
HypofractionationHypofractionationHypofractionationHypofractionation    
A reduction in the number of fractions with increase in fraction size within a similar overall 
time.21 
 
In vitroIn vitroIn vitroIn vitro    
In glassware, normally in a laboratory or in an artificial environment outside the living 
body.1, 21 
 
In vivoIn vivoIn vivoIn vivo    
In the living; occurring within the living body of an organism.1, 21, 55 
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Isocentric doseIsocentric doseIsocentric doseIsocentric dose    
Radiation dose delivered to the isocentre. The isocentre is a common point in the target 
volume where all the treatment beams converge. 
 
IsoIsoIsoIso----effect doseeffect doseeffect doseeffect dose    
The total dose of radiation for a given effect.21 
 
Lethal damageLethal damageLethal damageLethal damage    
Damage that cannot be repaired.1, 21, 55 
 
Linear Energy Transfer (LET)Linear Energy Transfer (LET)Linear Energy Transfer (LET)Linear Energy Transfer (LET)    
The rate at which radiation energy is deposited as a charged particle travels through 
matter.1 
    
Linear Quadratic (LQ) modelLinear Quadratic (LQ) modelLinear Quadratic (LQ) modelLinear Quadratic (LQ) model 
The model in which the effect (E) is a linear quadratic function of dose (d): E = αd+ βD2. 
For cell survival: S = exp (-αd - βD2).21, 55  
 
Low dose radiosensitivity (LDR)Low dose radiosensitivity (LDR)Low dose radiosensitivity (LDR)Low dose radiosensitivity (LDR)    
The increased sensitivity to radiation caused by low doses.3 
 
NucleotideNucleotideNucleotideNucleotide    
The three components of a DNA molecule, including a nitrogenous base, a 5-carbon 
sugar and phosphoric acid.21 
 
Radiation Radiation Radiation Radiation treatment treatment treatment treatment fractionationfractionationfractionationfractionation    
Extension of the total radiation dose in radiation therapy over a period of time, ordinarily 
days or weeks, in order to minimise radiation effects on normal tissues.21 
 
RadiosurgeryRadiosurgeryRadiosurgeryRadiosurgery    
A radiotherapy treatment technique where only a single fraction is given, using high 
doses. 
 

 
 
 



Page | xviii  

 

SubSubSubSub----lethal damagelethal damagelethal damagelethal damage    
Non-lethal damage that either can be repaired or can accumulate and become lethal if 
further doses are given.1 
 
Time dose effectsTime dose effectsTime dose effectsTime dose effects    
The dependence of the iso-effective radiation dose on the duration (and number of 
fractions) in radiotherapy.21 
 
Type 1 damageType 1 damageType 1 damageType 1 damage    
Creation of lethal single tract lesions.19    
 
Type 2 damageType 2 damageType 2 damageType 2 damage    
Creation of sub-lethal lesions which will interact with sub-lethal lesions that are created 
later during the same fraction to form lethal lesions.19 
    
Type 3 damageType 3 damageType 3 damageType 3 damage    
Creation of sub-lethal lesions which interact with sub-lethal lesions formed during a 
previous fraction, to form lethal lesions.19 
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