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Abstract 

The hypo and conventional fractionated schedules performance were compared in terms of 

the tumor control and the normal tissue complications. From the records of ten patients, 

treated for adenocarcinoma and without mastectomy, the dose-volume histogram was used. 

Using radiobiological models the probabilities for tumor control and normal tissue 

complications were calculated. For both schedules the tumor control was approximately the 

same. However, the damage in the normal tissue was larger in conventional fractionated 

schedule. This is important because patients´ assistance time to their fractions (15 

fractions/25 fractions) can be optimized. Thus, the hypofractionated schedule has suitable 

characteristics to be implemented. 
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1.- INTRODUCTION 

 

In Mexico, breast cancer holds the top spot incidence of neoplasm in women and it 

represents 11.34 % of all cancer cases [Arce et al., 2011]. 

 

Whole-breast irradiation, as part of breast-conservation therapy, has well-established results 

with good cosmesis, and low toxicity. This reason leads investigators to consider the role of 

an accelerated and more tumor bed-focused co urse of radiotherapy [Gómez-Iturriaga 

et al., 2008].  

 

Internationally, there is a tendency to apply predictions from radiobiological models to 

daily radiotherapy. Experimental and theoretical radiobiological studies show that is 

possible improve tumor control probability, if predictions of cell cycle are used with 

details, achieving with themselves, more effective treatments with fewer delayed reactions 

to patient. Radiobiological models, as Tumor Control Probability (TCP) and Normal Tissue 

Complications Probability (NTCP) and biological variables for their clinical applications in 

conventional or hypofractionated radiotherapy have as purpose to predict custom treatment 

schedules that show a high TCP and minor NTCP become in tools to making decisions in 

planning treatments to patients for radioncologist and medical physicist.  

 

Radiobiological models application has showed give a large step to accept or reject a 

radiotherapy treatment planning.  

 

Importing data from DVH generated through planning of Clinical Target Volume (CTV) 

and Planning Target Volume (PTV) and all of every organ at risk allows making a general 

idea about treatment in future. 

 

The aim of this work is to assess the usefulness that calculations programs represent based 

on TCP and NTCP radiobiological models and their biological variables for their 

applications on daily clinic in conventional and hypofractionated radiotherapy with the aim 
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to predict treatment planning with largest tumor control probability and minor damage 

probability. 

 

 

2.- MATERIALS AND METHODS 

 

2.1.- TCP Model 

TCP model generally rely on the assumption that tumor control requires the killing of all 

tumor clonogens. Poisson statistics predict that the probability of this occurring is: 

 

       ,     ( )-    (1) 

 

where N is the initial number of clonogens, and ps(D) is the cell survival fraction after a 

dose D [Warketin et al., 2004]. If it assumed that cell survival can be described by linear 

and quadratic contribution,  

  ( )     (      
 )    (2) 

 

The expression in eq. (2) can be rewriten in terms of the two parameters describing the dose 

and normalized slope at the point of 50% probability of control, D50 and γ50. 
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Thus, for a given DVH {Di,vi}, the TCP can be calculated using the following two-

parameter TCP formula [Waketin et al., 2004; Li et al., 2012]: 
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2.2.- NTCP Model 

The critical element model is base don the assumptions that: 

 An organ consist of a number of identical elements; 

 The response of one element is not correlated with that of any other; 

 A complication is expressed when one or more elements are incapacitated, that is, 

every element of the organ is critical. 

  

Such elements can be identified with the functional subunit (FSU). Let us assume that the 

organ consists of N such critical elements and that the probability of injury of a single FSU 

is equal to p. This probability, for a given type of tissue and fractionation scheme, is only a 

function of the dose Di delivered to the i’th FSU. That is, we assume that FSUs are small 

enough to neglect inhomeneity of the dose distribution to the entire organ is represented by 

the set of the Di which we write as {Di}. The probability, P*, that the i’th FSU escapes 

injury [Niemierko and Goiten, 1991] is then 1-p(Di) and, using binomial statistics for un 

correlated events, the complication probability for the entire organ is equal to: 

 

      (  )     (5) 

 

And using the binomial statistics, probability of complications for the entire organ is: 

 

 (  *  +)    ∏ ,   (  )-
 
       (6) 

 

Where the product is taken overall FSUs; that is, over the entire volume of the organ. 

Equation (7) is a very general one. It takes into account inhomogeneity of the dose 

distribution and gives the relationship between the probability of complication and the 

irradiated volume. 

 

Schultheiss
[6]

 showed that for an arbitrary inhomogeneous dose distribution defined by the 

set of M subvolumes of volume vr, within each of which the dose Dr, the complications 

probability can be expressed as follows: 
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 (*  + *  +)    ∏ ,   (    )-
   

      (7) 

 

Finally, the calculating complications to normal tissues through DVH, using the critical 

element model is simple. 

 

Equation (7) gives the NTCP for an inhomogeneous dose distribution defined by a set of M 

subvolumes {vr} with corresponding doses {Dr}. This is precisely what a differential DVH 

constitutes-each bin of the DVH is such a subvolume. Therefore, equation (2) expresses the 

way in which, in the critical element model, an NTCP is to be calculated for a DVH 

[Niemierko and Goiten, 1991]. 

 

The critical element model, per se, says nothing about the dose-response characteristics of 

individual FSUs [p(D)] nor of the entire organ [P(1,D)]. The available clinical and 

laboratory data suggest that the dose-response relationship is sigmoidal. It can reasonably 

be described by one of a number of functions. One is the normal probability function, but in 

this work it has used the logistic function: 

 

 (   )  
 

  .
   
 
/
      (8) 

 

where D50 is the dose which leads to a 50% complications probability for uniform whole 

organ irradiation and m is a parameter which governs the slope of the function through the 

relationship: 
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Constants used in both models were as follows: 
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2.3.- Usefulness of DVH 

DVH are useful for process to planning to verify if exist, there, a sub or overdose and if this 

is homogenous in target and in organs at risk, however, don’t provide special information 

and their function is only to complement and not to replace three dimension dose 

distribution that are showed in planning system. 

 

One of use of the DVG is as a comparison method among different plans
 [10]

, but, we have 

showed that TCP and NTCP models depend only of volume and dose to determinate 

control and damage. 

 

2.4.- Eclipse Planning 

Ten patients were treated with radiotherapy. In this work we only have participated patients 

without mastectomy and with adenocarcinoma [Astudillo et al., 2014]. It was not 

considered age as a significant parameter. Patients were treated in conventional and 

hypofractionated schedules. DVHs of the treatment and of simulation were imported. 

Through tomographic slices was done runaround of area where was located injury, PTV 

(planning Target Volume) (Fig. 1). 

 

Generally, in a cancer breast treatment, organs at risk are left lung or right and heart. 

Technique developed in planning was standard consisting in two tangential oblique fields 

including chest wall
 [
Niemierko and Goiten, 1991; Astudillo et al., 2014].  
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Fig. 1. PTV and organ at risk runaround  

 

Isocenter was taken from the slice where three core pellets are. It’s drawn a line to connect 

up to left or right pellet as the case. It was considered the middle of this last line and it was 

drawn another perpendicular line. Was taken the middle of this last line and resulting point 

will be the isocenter (Fig. 2). 

 

 

Fig. 2. Isocenter determination on breast cancer treatment 

 

Standard irradiation treatment in invasive breast cancer generally consists in doses of 40 

and 50 Gy in 15 and 25 fractions, respectively
 
[Astudillo et al., 2014; The Royal College of 

Radiologist, 2006; Fisher et al., 1995; Shelley et al., 2000; Offersen et al., 2003] including 

all breast parenchyma and nodal drainage areas. Were used energies in megavoltage range 

(photons) with variation between 6 and 18 MeV. 

 

Classically, medial and lateral limits of fields are midline sternal and midaxillary line 

respectively, although will have variations in function of lung parenchyma irradiated (Fig. 

3). 
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Fig. 3. Tangential fields.  

 

Finally, homogeneity of doses [Gómez-Iturriaga et al., 2008] can be achieved with wedges 

and the weight change and energy in all treatment fields (Fig. 4). 

 

It’s important to consider that dose distribution doesn’t change with prescription due 

accelerator will interpret a determinate number of monitor unities according to prescribed 

dose [Astudillo et al., 2014]. 

 

DVH were built for each PTV of each patient and organs at risk and data were imported. 

 

 

Fig. 4. Dose homogeneity in breast cancer treatment 
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2.5.- Matlab® Programation: PROGTCP 

Was created source code named PROGTCP to calculate through volume and dose 

percentages from DVHs. This source code was created in Matlab® in which users only 

must give input data, that is, radiobiological variables as α/β ratio to organ to be treated, the 

dose-response slope of the curve to 50%, dose tolerance to 50% and finally m value that 

determines the complications probability curve as a function of dose
 
[Li et al., 2012]. 

Finally, when user has given necessary data, PROGTCP will give outcomes of TCP and 

NTCP [Astudillo et al., 2014]. 

 

3.- RESULTS 

Work environment that user will see be the next. Will be unfold instructions that user must 

follow the instructions (Fig. 5). 

 

 

Fig. 5. Screen results of PROGTCP 

 

PROGTCP was executed for every DVH of ten patient that were analyzed and to as follow, 

there’s a table showing outcomes of all control tumor and normal tissues complications 

probabilities. 
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Some patients have presented two organs at risk (lung and heart), because the irradiation 

zone was left breast. 

 

TCP ratio showed in Table 1 give us a consideration about control that can be achieved 

with hypofractionated treatment [Astudillo et al., 2014] (Table 2). 

 

Table 1. TCP and NTCP in conventional (50 Gy) and hypofractionated (40 Gy) 

fractionation schedules 

 

Table 2. Fractionation schedule comparison  
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4.- DISCUSSION 

The analysis realized upon conventional and hypofractionated schedules shows that there is 

not significant importance between this 
[11]

. Eight of ten patients have showed a ratio of 

0.99, indicating that we can choose for hypofractionated treatment due control will be the 

same with error of 0.1%. 

 

Only one patient shows a 0.3% of a mayor control in a conventional schedule and another 

patient with 0.2% with the same fractionation schedule [Astudillo et al., 2014]. About to 

damage to normal tissue, eight patients show 0.84 average ratio, 

hypofractionated/conventional, that is, there’s not important damage with hypofractionated 

schedules, anyway, two cases have a minor ratio of 0.84, one of this showed 0.45, that is, 

with a conventional treatment will have a 55% of probability to damage normal tissue 

[Astudillo et al., 2014]. 

 

5. CONCLUSIONS 

PROTCP, through importing real clinical data from DVHs, allows assist to radioncologist 

and medical physicist in evaluation of treatment planning. PROGTCP is an accessible 

program for everyone user. Biological constants are available in papers for the use in this 

program.  

This tool will may be used after realize a treatment planning and verify control tumor and 

complications to normal tissue probabilities with planning proposed. If control and damage 

probabilities satisfy to radio oncologist and medical physicist will may be used this 

treatment. Radio oncologist and medical physicists will have another option to make a 

decision about treatment and this will be quantitative and qualitative to analyze the 

distribution of dose in planning system and probabilities calculated in PROGTCP. 

 

Finally, was observed that hypofractionated/conventional treatment keep an average ratio 

equal to one and damage to normal tissue is less in hypofractionated treatment. This 
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suggest, that, in hospital level, hypofractionated schedules will be useful because will have 

opportunity to treat a great number of patients optimizing time. 
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