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Abstract

Aim: The aim of the study was to compare severahous of dose prescription, the mean dose, theaneadbse, the
effective dose and the generalized Equivalent UmifDose (QEUD).

Background: The dose distribution in the planniagyét volume is never fully homogenous. Dependinghe dose
prescription method for the same prescribed dd$ereint biologically equivalent doses are deliver€de latest ICRU
Report 83 proposes to prescribe the dose to théamedse in the PTV. Several other methods areimlsommon use.
It is important to know what are differences of e®actually delivered depending on the dose presummimethod.
Materials and methods: The study was performedhiere groups of patients treated radically witheendl beams in
Brzozow, over the 2012-2013 period. The groups weératients with breast, lung and prostate cantieere were 10
patients in each group. For each patient all n®tiie. the mean dose, the median dose, the effedbse and the
generalized Equivalent Uniform Dose, were calcdafEhe influence of the dose homogeneity in the RifvVthe
results is also evaluated. The geUD was used efeeence dose prescription method.

Results: For all patients, an almost perfect catimh between the median dose and the gEUD wasneltaWorse
correlation was obtained between other metricsta@ed)EUD. The median dose is almost always a litier than the

gEUD, but the ratio of these two values never eatedel.013.
Conclusion: The median dose seems to be a goodiaupie method of dose prescription.
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Introduction

The goal of the treatment planning is to conforma tlose
distribution to the target volume and to reduce tlse to
sensitive structures and healthy tissues as mugbossible.
Yet it is widely accepted that the resultant domstrihution in
each of the planning target volumes should be asolgenous
as possible. Uniformity of dose distribution depemoh many
factors: on the geometric relation between critisalctures
and the target, the planning method, the skillshef planners
and others. Very seldom can the dose distributiothé target
volume may be treated as uniform. Lack of full onifiity
leads to the problem of dose prescription. For isdyears, the
delivered dose was prescribed to the minimum doséhe so
called envelope isodose [1]. For obvious reasorss t
prescription leads to underestimation of the actlgde - the
delivered dose was larger, in many cases muchrlginga the
prescribed one. The ICRU Report 50 proposed tocplesthe
dose to the ICRU reference dose, which is the deieered to
the point located in the center of the planningyéarvolume
[2]. At approximately the same time, the Nordic daation of
Clinical Physicists proposed to prescribe the dosthe mean
dose to the target volume [3]. This idea was basethe work

published by Brahme. Anders Brahme showed thdteifdose
distribution in the target volume is uniform enougle. the
standard deviation of dose distribution is smalldgran
approximately 3% of the mean dose, then the effeatiose
delivered to the target can be approximated bynban target
dose. The term "effective dose" was used in theesproposed
by Andrzej Niemierko [4]. Niemierko introduced tldea of
the so called Equivalent Uniform Dose (EUD) whistdefined
as the biologically equivalent dose which, if giveniformly,
leads to the same cell kill in the tumor volumeaasactual
(non-uniform) dose distribution. Brahme describebe t
effective dose with the formulae [5]:

Defsznean%l_ 4 EE g J}
2[MCP(D,an) \ Diean

Where:
Dmean— the mean dose;
vy — normalized dose gradient;
TCP(Dhean — tumor control probability for dose oy,
o — standard deviation of dose distribution in tH&/P
This expression shows that the effective dose edeses
below Dyean if the relative standard deviation of the dose

Eg. 1
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distribution increases. For normalized dose gradiebserved
clinically, for standard deviations smaller than ,3there is
negligible influence of the non-uniformity on thesatment
outcome. Niemierko's idea, the Equivalent UniformsP [4],
was eventually described in a very simple matherakform
and called as the general Equivalent Uniform Dd&e The
advantage of the generalized form over the Equitdlimiform
Dose is that the same formulae may be used alsadonal
tissues [6,7]:

1

gEUD=(%Z D2)a Eq. 2
k

Where:
Dy are the doses delivered to each single voxel ®fhV or
an Organ at Risk;
a- parameter which describe the dose-volume effect.
In daily practice the mathematically oriented methof dose
distribution evaluation are used very seldom. le thast
majority of hospitals the dose distribution in tRIV is
analyzed graphically in the form of the Dose Volume
Histogram (DVH) and with the simple dose distribatimetrix.
The generalized EUD is rather seldom applied for 3D
conformal radiotherapy, more often for IMRT [8,8fcording
to the ICRU Report 83, the dose should be prestribethe
median dose [10].

In this study, the ggeUD has been used as the gfaldard
and other metrics, i.e. the mean dose, the mediae th the
PTV and the effective dose to the PTV were compaiigd the
gEUD.

Materials and methods

The study was performed for three groups of pati¢rgated
radically with external beams in Brzozow over tii12-2013
period. There were patients with breast, lung anostate
cancer. There were 10 patients in each group, etheg 30
patients. More details on the clinical material nmagy found
elsewhere [11]. The plans were CT based plans. Che
examinations were performed in treatment posit®onfatom
Open, Siemens) with 3-5 mm slice thickness in $pitade.
For each patient, the Clinical Target Volume anghos at risk
were delineated. The treatment planning was peddrmith
the Xio (Elekta, version 4.70.00) treatment plagnsystem.
The contours of the PTV and organs at risk wergamed
according to the ICRU 50. The dose was always plest to
the ICRU Reference Point. The superposition algoritvith a
calculation grid of 0.25 cm was used.

For each patient the following metrics in the PTére
obtained:

-maximum dose (R.y; the maximum dose in a single
calculation point,

- minimum dose ([,); according to ICRU Report 50 [2],
- the mean dose (Ra),
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-the effective dose (f); see the Equation1l in the
Introduction. To calculate thepwe assumed that the TCPs
for the breast, lung and prostate were 0.8, 0.2, @3,
respectively. To calculate R it was assumed that= 1.0.
Calculation of the effective dose was additionallyne for
gamma = 1.5 and 2,

- median dose (8); according to ICRU Report 83 [10],

- general Equivalent Uniform Dose with a = -7,2 foedst
cancer, a = -13 for lung cancer, a = -10 for ptestancer
[7]; seeEquation 1 in the Introduction.

The correlations were calculated for:

- the median dose and the gEUD,
- the mean dose and geUD,

- the effective dose and gEUD.

The homogeneity of dose distribution in the tanggtime was
evaluated in terms of the difference between theimmam and
minimum dose (according to the ICRU 50 Report).

Results

For presentation purposes, the values were alwiags @s the
ratio of a given result and the prescribed dosé&idgre 1, the
correlation between the median dose and the gEWhasvn.
There is an almost perfect correlation betweenetiws terms.
The Dy was higher than the geUD for 28 of 30 patients,
however, the ratio of these two values never exeged013.
The mean value of the ratios was 1.004+0.003.

Much worse correlations were obtained for the otiveo
pairs of dose distribution indices. Figure 2, the correlation
between the mean dose delivered to the PTV andEuD is
shown. There was poor correlation between the nuxme
delivered to the PTV and the gEUD. For some patig¢he
mean dose is higher and for other lower than tHéQE

In Figure 3, the correlation between the effective dose Deff
to the PTV and the gEUD is shown. The correlatietween
the effective dose delivered to the PTV and the DEtAs also
poor. Calculation of the effective dose was alswied out for
gamma = 1.5 and 2. Very similar results were olein

The separate analysis of the data for each latatiso
showed a very good correlation between the geUD thed
median dose. InFigures4, 5, and 6, we present these
correlations.

Discussion

Dose distribution in the Planning Target Volumeéver fully
homogenous. For some patients, the dose distribigi@uite
homogenous, but for others may be quite inhomogesiebhe
individual anatomy and the position of the targéhwespect
to organs at risk influences the homogeneity of edos
distribution most of all. It is much more difficuid obtain the
homogenous dose distribution for lung patients tHan
prostate patients. Therefore to prescribe and tegper dose
delivered to the target we must choose a statisticlose
distribution in the PTV.
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Figure 1. Correlation between the gEUD and Dsg, for 30 patients.
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Figure2. Correlation between the geUD and the mean dose
delivered tothe PTV.
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Figure 3. Correlation between the geUD and the effective dose
delivered tothe PTV.

According to ICRU 50, the dose should be prescribed
reported to the ICRU Reference Point. The NACP psep to
prescribe and report the delivered dose to the rdeaa to the
PTV. The ICRU Report 83 recommend to prescribedihee to
the median dose to the PTV. Theoretically, it wolddbest to
use the dose statistic which is well correlatedlite Tumour
Control Probability. This was the reason of usinge t
Niemierko's idea. Niemierko proposed the model ficlv the
non-uniform dose distribution is recalculated toe th
homogenous one, for which the Tumour Control Prdinals
the same as for the actual one. His concept oftiigvalent
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Figure4. Correlation between the gEUD and Dsy, for prostate
patients.
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patients.

Correlation between the geUD and Dsy, for lung
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Figure6. Correlation between the geEUD and Dsy, for breast
patients.

Uniform Dose is used rather seldom in the clinic $everal
reasons. The main reason is because to calcuateUb quite
complex calculations must be performed. Howeveg oray
observe that mathematical models are more and mwibea
used, at least in research [12,13,14]. In this wawk compared
the ICRU Reference Dose, the effective dose, thanmiose
and the median dose with the Equivalent Uniform éDésr
three group of patients. These were patients atadi for
prostate, lung and breast targets. In the firsugrof patients
dose distributions in the PTV were quite homogendhs
mean value of differences between the maximum and



Mrozowska et al: Toward a better prescription method for external radiotherapy

minimum doses in the PTV and the standard deviaifoose
distribution in the PTV were 9,3% and 2,8%, respety. In
the two other locations, the dose distributions evdess
homogenous. For lung patients, the mean valueftdrdhces
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concerns the dose prescription. If the doses werscpbed to
different dose statistics, the subject of dose ritistion
comparison, which is difficult in general, woulddoene even
more complicated [15]. Prescribing the dose diatidn to the

between the maximum and minimum doses and standard median dose in the era of 3D treatment planningesys is a

deviation in the PTV were 17,8%, 5,2%; and for btea

patients, they were 15,9% and 4,7% respectivelyeéler, for
all patients we obtained an almost perfect corigrabetween
the median dose and the gEUD, regardless of whichpgof
patients was being considered. The median dosdnissha
always a little larger than the geUD but the raifahese two
values never exceeded 1.013. For two patientsvfemm the
median dose was smaller than the geEUD, the ratere wery
close to 1.0 (0.999). We may conclude that the aredose is
a very good estimate of the Equivalent Uniform Dose

To our surprise, we did not obtain such a goodetation
between the Equivalent Uniform Dose and the tweottose
distribution indices, the effective dose and theamdose. For
some patients, the geUD is larger than the mear dod the
effective dose, for some others, it is smaller. Tiatio

exceeded 1.03. Using these different methods ofe dos

prescription may lead to delivering the total dodiéering by
one conventional fraction dose (the 2 Gy fractiasalis the
3% of the typical total dose of 66 Gy) and consetyaf we
assume that the normalized dose gradient is 2gittntead to a
TCP difference of 0.06 (0.03 x 2). For daily clialiavork, this
difference is not so significant but, it may infhee
considerably the reliability of clinical trials, whe the quality
of data plays an important role. In clinical triags simple and
unambiguous, dose prescription is of special cancéiso,
whenever different plans are compared, the firsestian
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