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Abstract 
Aim: The aim of the study was to compare several methods of dose prescription, the mean dose, the median dose, the 
effective dose and the generalized Equivalent Uniform Dose (gEUD). 
Background: The dose distribution in the planning target volume is never fully homogenous. Depending on the dose 
prescription method for the same prescribed dose different biologically equivalent doses are delivered. The latest ICRU 
Report 83 proposes to prescribe the dose to the median dose in the PTV. Several other methods are also in common use. 
It is important to know what are differences of doses actually delivered depending on the dose prescription method. 
Materials and methods: The study was performed for three groups of patients treated radically with external beams in 
Brzozow, over the 2012-2013 period. The groups were of patients with breast, lung and prostate cancer. There were 10 
patients in each group. For each patient all metrics, i.e. the mean dose, the median dose, the effective dose and the 
generalized Equivalent Uniform Dose, were calculated. The influence of the dose homogeneity in the PTV on the 
results is also evaluated. The gEUD was used as a reference dose prescription method. 
Results: For all patients, an almost perfect correlation between the median dose and the gEUD was obtained. Worse 
correlation was obtained between other metrics and the gEUD. The median dose is almost always a little higher than the 
gEUD, but the ratio of these two values never exceeded 1.013. 
Conclusion: The median dose seems to be a good and simple method of dose prescription. 
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Introduction 

The goal of the treatment planning is to conform the dose 
distribution to the target volume and to reduce the dose to 
sensitive structures and healthy tissues as much as possible. 
Yet it is widely accepted that the resultant dose distribution in 
each of the planning target volumes should be as homogenous 
as possible. Uniformity of dose distribution depends on many 
factors: on the geometric relation between critical structures 
and the target, the planning method, the skills of the planners 
and others. Very seldom can the dose distribution in the target 
volume may be treated as uniform. Lack of full uniformity 
leads to the problem of dose prescription. For several years, the 
delivered dose was prescribed to the minimum dose, or the so 
called envelope isodose [1]. For obvious reasons, this 
prescription leads to underestimation of the actual dose - the 
delivered dose was larger, in many cases much larger than the 
prescribed one. The ICRU Report 50 proposed to prescribe the 
dose to the ICRU reference dose, which is the dose delivered to 
the point located in the center of the planning target volume 
[2]. At approximately the same time, the Nordic Association of 
Clinical Physicists proposed to prescribe the dose to the mean 
dose to the target volume [3]. This idea was based on the work 

published by Brahme. Anders Brahme showed that if the dose 
distribution in the target volume is uniform enough, i.e. the 
standard deviation of dose distribution is smaller than 
approximately 3% of the mean dose, then the effective dose 
delivered to the target can be approximated by the mean target 
dose. The term "effective dose" was used in the sense proposed 
by Andrzej Niemierko [4]. Niemierko introduced the idea of 
the so called Equivalent Uniform Dose (EUD) which is defined 
as the biologically equivalent dose which, if given uniformly, 
leads to the same cell kill in the tumor volume as an actual 
(non-uniform) dose distribution. Brahme described the 
effective dose with the formulae [5]: 
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Where: 
Dmean – the mean dose; 
γ – normalized dose gradient; 
TCP(Dmean) – tumor control probability for dose Dmean; 
σ – standard deviation of dose distribution in the PTV. 
 This expression shows that the effective dose decreases 
below Dmean if the relative standard deviation of the dose 
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distribution increases. For normalized dose gradients observed 
clinically, for standard deviations smaller than 3%, there is 
negligible influence of the non-uniformity on the treatment 
outcome. Niemierko's idea, the Equivalent Uniform Dose [4], 
was eventually described in a very simple mathematical form 
and called as the general Equivalent Uniform Dose [6]. The 
advantage of the generalized form over the Equivalent Uniform 
Dose is that the same formulae may be used also for normal 
tissues [6,7]: 
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Where: 
Dk are the doses delivered to each single voxel of the PTV or 
an Organ at Risk; 
a - parameter which describe the dose-volume effect. 
In daily practice the mathematically oriented methods of dose 
distribution evaluation are used very seldom. In the vast 
majority of hospitals the dose distribution in the PTV is 
analyzed graphically in the form of the Dose Volume 
Histogram (DVH) and with the simple dose distribution metrix. 
The generalized EUD is rather seldom applied for 3D 
conformal radiotherapy, more often for IMRT [8,9]. According 
to the ICRU Report 83, the dose should be prescribed to the 
median dose [10]. 
 In this study, the gEUD has been used as the gold standard 
and other metrics, i.e. the mean dose, the median dose in the 
PTV and the effective dose to the PTV were compared with the 
gEUD. 
 

Materials and methods 

The study was performed for three groups of patients treated 
radically with external beams in Brzozow over the 2012-2013 
period. There were patients with breast, lung and prostate 
cancer. There were 10 patients in each group, altogether 30 
patients. More details on the clinical material may be found 
elsewhere [11]. The plans were CT based plans. The CT 
examinations were performed in treatment position (Somatom 
Open, Siemens) with 3-5 mm slice thickness in spiral mode. 
For each patient, the Clinical Target Volume and organs at risk 
were delineated. The treatment planning was performed with 
the Xio (Elekta, version 4.70.00) treatment planning system. 
The contours of the PTV and organs at risk were prepared 
according to the ICRU 50. The dose was always prescribed to 
the ICRU Reference Point. The superposition algorithm with a 
calculation grid of 0.25 cm was used. 
 For each patient the following metrics in the PTV were 
obtained: 

· maximum dose (Dmax); the maximum dose in a single 
calculation point, 

· minimum dose (Dmin); according to ICRU Report 50 [2], 

· the mean dose (Dmean), 

· the effective dose (Deff); see the Equation 1 in the 
Introduction. To calculate the Deff we assumed that the TCPs 
for the breast, lung and prostate were 0.8, 0.2, and 0.8,  
respectively. To calculate Deff, it was assumed that γ = 1.0. 
Calculation of the effective dose was additionally done for 
gamma = 1.5 and 2, 

· median dose (D50%); according to ICRU Report 83 [10], 

· general Equivalent Uniform Dose with a = -7,2 for breast 
cancer, a = -13 for lung cancer, a = -10 for prostate cancer 
[7]; see Equation 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 target volume was 
evaluated in terms of the difference between the maximum and 
minimum dose (according to the ICRU 50 Report). 
 

Results 

For presentation purposes, the values were always given as the 
ratio of a given result and the prescribed dose. In Figure 1, the 
correlation between the median dose and the gEUD is shown. 
There is an almost perfect correlation between these two terms. 
The D50% was higher than the gEUD for 28 of 30 patients, 
however, the ratio of these two values never exceeded 1.013. 
The mean value of the ratios was 1.004±0.003. 
 Much worse correlations were obtained for the other two 
pairs of dose distribution indices. In Figure 2, the correlation 
between the mean dose delivered to the PTV and the gEUD is 
shown. There was poor correlation between the mean dose 
delivered to the PTV and the gEUD. For some patients the 
mean dose is higher and for other lower than the gEUD. 
 In Figure 3, the correlation between the effective dose Deff 
to the PTV and the gEUD is shown. The correlation between 
the effective dose delivered to the PTV and the gEUD was also 
poor. Calculation of the effective dose was also carried out for 
gamma = 1.5 and 2. Very similar results were obtained. 
 The separate analysis of the data for each location also 
showed a very good correlation between the gEUD and the 
median dose. In Figures 4, 5, and 6, we present these 
correlations. 
 

Discussion 

Dose distribution in the Planning Target Volume is never fully 
homogenous. For some patients, the dose distribution is quite 
homogenous, but for others may be quite inhomogeneous. The 
individual anatomy and the position of the target with respect 
to organs at risk influences the homogeneity of dose 
distribution most of all. It is much more difficult to obtain the 
homogenous dose distribution for lung patients than for 
prostate patients. Therefore to prescribe and report the dose 
delivered to the target we must choose a statistic of dose 
distribution in the PTV. 
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Figure 1. Correlation between the gEUD and D50% for 30 patients. 

 

 

Figure 2. Correlation between the gEUD and the mean dose 
delivered to the PTV. 

 

Figure 3. Correlation between the gEUD and the effective dose 
delivered to the PTV. 

 

Figure 4. Correlation between the gEUD and D50% for prostate 
patients. 

 

Figure 5. Correlation between the gEUD and D50% for lung 
patients. 

 

Figure 6. Correlation between the gEUD and D50% for breast 
patients. 

According to ICRU 50, the dose should be prescribed and 
reported to the ICRU Reference Point. The NACP proposed to 
prescribe and report the delivered dose to the mean dose to the 
PTV. The ICRU Report 83 recommend to prescribe the dose to 
the median dose to the PTV. Theoretically, it would be best to 
use the dose statistic which is well correlated with the Tumour 
Control Probability. This was the reason of using the 
Niemierko's idea. Niemierko proposed the model in which the 
non-uniform dose distribution is recalculated to the 
homogenous one, for which the Tumour Control Probability is 
the same as for the actual one. His concept of the Equivalent 

Uniform Dose is used rather seldom in the clinic for several 
reasons. The main reason is because to calculate the EUD quite 
complex calculations must be performed. However, one may 
observe that mathematical models are more and more often 
used, at least in research [12,13,14]. In this work, we compared 
the ICRU Reference Dose, the effective dose, the mean dose 
and the median dose with the Equivalent Uniform Dose for 
three group of patients. These were patients irradiated for 
prostate, lung and breast targets. In the first group of patients 
dose distributions in the PTV were quite homogenous, the 
mean value of differences between the maximum and 
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minimum doses in the PTV and the standard deviation of dose 
distribution in the PTV were 9,3% and 2,8%, respectively. In 
the two other locations, the dose distributions were less 
homogenous. For lung patients, the mean value of differences 
between the maximum and minimum doses and standard 
deviation in the PTV were 17,8%, 5,2%; and for breast 
patients, they were 15,9% and 4,7% respectively. However, for 
all patients we obtained an almost perfect correlation between 
the median dose and the gEUD, regardless of which group of 
patients was being considered. The median dose is almost 
always a little larger than the gEUD but the ratio of these two 
values never exceeded 1.013.  For two patients for whom the 
median dose was smaller than the gEUD, the ratios were very 
close to 1.0 (0.999). We may conclude that the median dose is 
a very good estimate of the Equivalent Uniform Dose. 
 To our surprise, we did not obtain such a good correlation 
between the Equivalent Uniform Dose and the two other dose 
distribution indices, the effective dose and the mean dose. For 
some patients, the gEUD is larger than the mean dose and the 
effective dose, for some others, it is smaller. The ratio 
exceeded 1.03. Using these different methods of dose 
prescription may lead to delivering the total doses differing by 
one conventional fraction dose (the 2 Gy fraction dose is the 
3% of the typical total dose of 66 Gy) and consequently if we 
assume that the normalized dose gradient is 2, it might lead to a 
TCP difference of 0.06 (0.03 x 2). For daily clinical work, this 
difference is not so significant but, it may influence 
considerably the reliability of clinical trials, where the quality 
of data plays an important role. In clinical trials, a simple and 
unambiguous, dose prescription is of special concern. Also, 
whenever different plans are compared, the first question 

concerns the dose prescription. If the doses were prescribed to 
different dose statistics, the subject of dose distribution 
comparison, which is difficult in general, would become even 
more complicated [15]. Prescribing the dose distribution to the 
median dose in the era of 3D treatment planning systems is a 
simple task. 
 The EUD and the median dose which is very well correlated 
with the EUD seems currently to be a very attractive and the 
most reliable method of dose prescription. However, there are 
at least two week points of the EUD. Proposing the EUD 
concept Niemierko assumed that: the dose distribution of the 
clonogens in the target is uniform which is not true, and that 
intrinsic sensitivity of all tumour cells is the same. Thanks to 
new methods of imaging, the Positron Emission Tomography, 
dynamic contrast-enhanced magnetic resonance and 
spectroscopy, we are able to map in three dimensions the 
distribution of the density of the target cells as well as to have 
information about the cells' sensitivity to radiation [16,17]. 
Nevertheless, in the authors opinion, using the Equivalent 
Uniform Dose or it surrogate, i.e. the median, dose allows to 
make the next step towards improved precision of dose 
prescription. 
 

Conclusions 

There is a very good correlation between the Equivalent 
Uniform Dose and the median dose to the PTV.  The dose 
prescription to the median dose proposed by the ICRU 83 
seems to be the most simple and reliable method of dose 
prescription.
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