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Abstract 

Radiotherapy treatment planning is required to obtain an optimal balance between delivering a high dose to target volume 

and a low dose to organ at risks. In this planning, it is also necessary to determine the appropriate fractionation scheme 

for each patient. One of the commonly used methods to determine the fractionation scheme is calculating the Normal 

Tissue Complication Probability (NTCP) and Tumor Control Probability (TCP) parameters. In this study, the Equivalent 

Uniform Dose (EUD) model is used to calculate NTCP and TCP. This model is based on a non-uniform dose distribution 

that is sensitive to the biological factors of cells. The biological factor examined in this research is the repair effect, which 

is the ability of cells to repair themselves after being radiated. Thus, the objective of this research is to determine the 

fractionation scheme based on NTCP calculations using the EUD model while taking into account the repair effect. The 

data used in this study were obtained from 10 patients with glioblastoma brain cancer in the form of cumulative DVH 

(dose-volume histogram) and total time of radiation. Based on the NTCP calculations, the average risk of organ 

complication for each patient appears to be close to zero, with a range of values from 2 x 10-6% to 1 x 10-1%. These results 

indicate that the treatment planning conducted is proven to be safe and there are no complications for the patients. 

Furthermore, based on the NTCP and TCP calculations, the best fractionation scheme is hypofractionation, which remains 

safe while considering the dose limit for each normal organ surrounding the target. 
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INTRODUCTION1* 

Radiotherapy is a medical method on tumor 

treatment by using high energy ray and radioactive 

substances to halt growth tumor cells. Radiotherapy 

using ionizing radiation could be able ionize 

substances which ray goes through. In other words, 

ionizing radiation could form the ion and could make 

the tumor cells receive the ray and keep energy from 

the radiation to impair DNA of tumor cells resulting 

in death of tumor cells [1]. The impairment of DNA 

of these tumor cells could be lethal or sub-lethal. If 

the impairment is sub-lethal it means that either 

tumor cells or normal cells around them may repair 

themselves after the cells are given the ray. 

Before the patients undergo the radiotherapy, 

treatment planning should be carried out. Treatment 

 
1* Corresponding author. 

planning involves main consideration some of which 

are radiation dose prescription and dosage 

distribution of the ray [2]. This dosage distribution is 

commonly named fractionation scheme which mean 

administrating the total sequence of the dosage. The 

common fractionation scheme are standard 

fractionation, hypo-fractionation, and hyper-

fractionation. The differences among three of them 

are frequency of the treatment total dosage of the 

treatment [3]. A good treatment planning gets tumor 

cells have the right dosage which mean that the tumor 

cells will be profusely treated while the normal organ 

will insignificantly be affected by the treatment. 

The best fractionation scheme to minimize the 

side effect of the ray towards normal organ around 

the tumor cells is to give the effective and secure 

treatment to the patient by determining several 

   E-mail address: tiarapratista@gmail.com 
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parameters. These parameters include NTCP, normal 

tissue complication probability and TCP, tumor 

control probability. NTCP is used to count response 

of the surrounding normal cells while, the other 

parameters, TCP focuses on cessation of the tumor 

cells [3].  

There are many ways to count NTCP and TCP. 

Interestingly, EUD focuses mainly on biological 

effect of the cells and it is easily applied with 

radiation technique which is often recently used [4]. 

EUD model simplifies the dosage of distributed 

radiation in three-dimensional planned treatment. 

Calculation in model EUD have the benefit to 

estimate the impact of the dosage of treatment by 

considering the factor of biological cell which have 

many types. 

The four factors of biological cells after 

radiation process are repair, reoxygenation, 

repopulation, and redistribution. Among four factors 

mention above, repair is the most dominant and the 

most commonly detected in normal organ 

surrounding tumor cells [5]. According to previous 

study [6], determining the fractionation based on the 

effect of repair in EUD model use only the 

calculation of TCP. Besides, the calculation of NTCP 

is essential to determine fractionation to make a 

treatment planning carried out safe toward patients.  

With the summary of determination of 

fractionation scheme based on repair effect using 

EUD model and the elaboration of limited problems 

mentioned, this study is to determine the ultimate 

fractionation scheme by calculating the repair effect 

using EUD model based on calculation of NTCP and 

TCP. 

 

THEORY/CALCULATION  

 

Biology cells can repair themselves after 

radiotherapy in certain circumstances. Therefore, 

fraction is necessarily made by dividing the dose. 

Frequency and dose of fractionation is divided into 

three types, one of which is standard fractionation. 

This type is carried out five times in a week, its 

treatment requires the dose as much as 1.8 Gy - 2.5 

Gy. The second type is hypo-fractionation which 

treatment is administered once or four times in a 

week with the dose as much as 3 Gy - 5 Gy. The last 

one hyper-fractionation where the treatment is done 

twice a day with the dose of 1 Gy - 1.5 Gy. What 

should be noted in this fractionation is that the 

interval time between the first and second treatment 

should be 8 – 10 hours with the total dose is more 

than the standard fractionation and hypo-

fractionation [3]. 

The concept of equivalent uniform dose 

assumes that two types of dose distribution can be 

considered equal if those two types have the same 

radiobiology effect [4]. That effect becomes 

surviving fraction where there are still surviving cell 

fraction after radiation.  

𝑆𝐹(𝐸𝑈𝐷) = 𝑆𝐹(𝐷𝑖) (1) 

During the development of the EUD model, 

It is divided based on assumption after cells are 

radiated leading to three types. The first type, cell 

killing based equivalent uniform dose (cEUD) and 

the second type, linear quadratic cell killing based 

equivalent uniform dose (cEUD-LQ). The last type, 

repair effect equivalent uniform dose (rEUD) which 

in this study is modified by repair [6].  

In model cEUD, the assumption used is when 

cells are radiated by radiotherapy, radiated cells will 

thoroughly be corrupted because of the lethal 

corruption. In this EUD model, the surviving fraction 

equation is stated in exponential as follows:  

𝑆𝐹(𝐷𝑖) =  ∑ 𝑣𝑖𝑒−𝛼𝐷𝑖  
𝑖

 (2) 

𝐷𝑖 , 𝑣𝑖 components can be obtained from 

dose volume histogram (DVH) data to distribute 

uniform dose in volume of the target which indicate 

the amount of dose received (𝐷𝑖)  by sub volume (𝑣𝑖). 

In the equation (2) only 𝛼 component presents means 

that the calculation of this radiation only causes lethal 

corruption. The cEUD equation can be calculated as 

follows:  

𝑐𝐸𝑈𝐷 = |
ln 𝑆𝐹(𝐷𝑖)

𝛼
| 

(3) 

Meanwhile in cEUD-LQ model, the 

assumption in LQ model shows that cells can be 

lethal (𝛼) and cells around the target which is known 

as sub-lethal (𝛽) cells still possible to reproduce 

during the treatment.  The surviving fraction is 

cEUD-LQ model, is stated in linear quadratic model 

as follows:  

𝑆𝐹(𝐷𝑖) =  ∑ 𝑣𝑖𝑒−𝛼𝐷𝑖−𝛽𝐷𝑖
2

𝑖
 (4) 

The EUD calculation with cEUD-LQ model 

can be use in the following equation:  

𝑐𝐸𝑈𝐷𝐿𝑄 = |
−𝛼 − √𝛼2 − 4𝛽 ln 𝑆𝐹(𝐷𝑖)

2𝛽
|  

(5) 

Then, there is rEUD model which is 

modified so that it can count repair effect besides 

cEUD and cEUD-LQ model. This modification uses 

Lea-Cathcheside equation that depends on repair 

time of the cells after radiated and on total time of 
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therapy. The Lea-Catcheside equation is shown as 

follows:  

𝐺(𝜏𝑅) = 2 (
𝜏𝑅

𝑇
)

2

(𝑒
−

𝑇
𝜏𝑅 − 1 +

𝑇

𝜏𝑅
) 

(6) 

Lea-Catcheside parameter depends on repair 

time of the cells whose value specifically found in 

every tissue (𝜏𝑅), with total time of radiotherapy 

depending on fractionation scheme chosen at the 

process of radiotherapy (𝑇).  

The research carried out by Brenner in 1995 

stated that repair effect on the calculation of 

surviving fraction can substitute Lea-Catcheside so 

that repair effect can be calculated as follows: 

 

𝑆𝐹(𝑑𝑖) = ∑ 𝑣𝑖𝑒−𝛼𝑑𝑖−𝛽𝐺(𝜏𝑅)𝑑𝑖
2

𝑖
 

(7) 

 

The calculation of rEUD model can be 

calculate using following equation as follows:  

 

𝑟𝐸𝑈𝐷 =
−𝛼 + √𝛼2 − 4𝛽𝐺(𝜏𝑅) ln[𝑆𝐹(𝑑𝑖)]

2𝛽𝐺(𝜏𝑅)
 

(8) 

Given in 𝑛 times of dose fraction in 

radiotherapy, 𝐷𝑖 dose distribution is stated to be 

equivalent dose as much as 𝑑 dose in each fraction 

(𝑑𝑖) it is determined to be equation (9) as follows [7]: 

 

𝑑𝑖 = 𝐷𝑖

𝛼
𝛽

+
𝐷𝑖
𝑛

𝛼
𝛽

+ 𝑑
 

(9) 

As for NTCP calculation, it can be calculated 

through equation as follows:  

𝑁𝑇𝐶𝑃 =
1

1 + (
𝑇𝐷50
𝐸𝑈𝐷)

4𝛾50
 

(10) 

𝑇𝐷50 is the probability of complication in 

normal tissue amounted of 50% and  

𝛾50 is the slope of the response curve on 50% NTCP. 

While EUD value is obtained through previous 

equation EUD model such as cEUD, cEUD-LQ, and 

rEUD. 

 

EXPERIMENTAL METHOD 
 

The study is first carried out with 

radiotherapy treatment planning on 10 patients who 

suffers glioblastoma brain cancer in Santosa Hospital 

in Bandung. The treatment planning uses IMRT 

(intensity modulated radiation therapy) technique. 

The report of radiotherapy is shown in cumulative 

DVH and in total radiotherapy span to count NTCP 

in the next step. NTCP can be counted by using 

equation (10), after rEUD model is calculated so that 

effect repair can be counted. Analysis is done in 

NTCP calculation by using EUD model which is 

already modified. Variation of fractionation scheme 

is further calculated which produce: standard 

fractionation, hypo-fractionation, hyper-

fractionation. 

 In this study, each patients receive the dose 

of radiation prescribed amounted 60 Gy given in in 

30 fraction with 2 Gy per fraction. Meanwhile, the 

maximum limit dose for each organ at risk (OAR) 

value based on the QUANTEC recommendation is 

shown in table 1 as follows [8]:  

Table 1. Maximum dose limit on OAR 

OAR Dmax (cGy) 

Brainstem 6000 

Chiasm 5500 

Optic Nerve 5500 

Lens 700 

 

The EUD and NTCP calculation is done in 

excel software with the parameter shown in table 2 as 

follows:  

Table 2. Parameters to be used in NTCP calculation 

Parameter Value Reference 

𝑑 2 Gy 
[9] 

𝑇𝐷50 60 Gy 

𝛾50 3.2  [10] 

𝛼lens 0,0666 Gy-1 

 [11] 

𝛽lens 0,0572 Gy-2 

𝛼optic nerve 0,0586 Gy-1 

𝛽optic nerve 0,0195 Gy-2 

𝛼chiasm 0,0586 Gy-1 

𝛽chiasm 0,0195 Gy-2 

𝛼brainstem 0,0491 Gy-1 

𝛽brainstem 0,0294 Gy-2 

𝜏𝑅 4 hours [12] 

 

 

RESULTS AND DISCUSSION 
 

DVH curve is obtained from the treatment 

planning of 10 patients who suffers from 

glioblastoma brain cancer and whose organ normal 

are observed surrounding the target after the 

radiation. The dose data of DVH is use as an input 

value to count NTCP by using modified EUD model 

counting repair effect before deciding one of the 3 

types of fraction scheme. The lowest value of 3 



11 
IJP Volume 34, Number 2, 2023 

 

fractionation scheme is chosen. Graph below shows 

the example of DVH curve on patient 1,  

 

Figure 1 is example of data in DVH form 

from patient 1. There is difference in dose value for 

each normal organ surrounding the target cells. This 

difference is determined by the value of the radiation 

dose constrain OAR which is stipulated by 

QUANTEC stated in table 1 and by the location of 

tumor. As can be seen in table 3, the dose value for 

left and right lens of the eyes for patient 1 are 

different because the location of the tumor appears.   

 
Table 3.  Data of the dose values radiated to the normal organs 

surrounding the target from patient 1 

Organ Volume (cm3) Max Dose (cGy) 

Left lens 0,4 794,2 

Left optic nerve 0,5 2196.7 

Right optic nerve 0,6 2047,9 

Right lens 0,6 675,7 

Chiasm 0,9 4817,1 

Brainstem 18,3 5408,6 

 

The result of the calculation of NTCP using 

rEUD model for each related organ can be seen on 

table 4. Based on table 4, the average value of NTCP 

of 10 patients whose organ at risk including lens, 

optic nerve, chiasm, and brainstem in the case of 

glioblastoma brain cancer is at 2 x 10-6 – 1 x 10-1 %. 

Those values are considered very low nearing to zero. 

This shows that the treatment planning which 

calculates with NTCP calculation using rEUD model 

is safe and optimal. This also indicates that the 

treatment planning is safe and optimal even though 

there’s an organ receiving higher dose than the 

Fig. 1. Dose Volume Histogram (DVH) for patient 1 

Table 4. The result of NTCP calculation using the rEUD model 
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administered dose stipulated by QUANTEC. For 

example, the left lens of patient 1 who received dose 

as much as 794.2 cGy considered safe although it 

exceeds the safe limit which is 700 cGy.  

 In this study, the fraction scheme is 

determined considering no complication surrounding 

the target is found and sufficient dose to corrupt the 

target cells so that this fraction scheme is optimal 

based on the least NTCP value calculated using 

rEUD.  

 

Based on table 5, on patient 1 case, the result 

of calculation based on the least NTCP value 

fractionation scheme is hypo-fractionation for left 

lens, right lens, left optic nerve, right optic nerve, and 

chiasm, while for brainstem is standard fractionation. 

In patient 3 until patient 10, the result of fraction 

scheme is the same as that of patient 1.  
 

Table 6.  Determination of fractionation scheme based on NTCP 

calculation results for patient 2 

Meanwhile, based on table 6, on patient 2 

case, the optimal fractionation scheme is hypo-

fraction for all the organs including left lens, right 

lens, left optic nerve, right optic nerve, and brainstem 

but the chiasm organ is not the main concern because 

it was not radiated.  

In other words, there is a difference between 

the result of fractionation scheme on brainstem on 

patient 1 and patient 2. This difference of 

fractionation scheme depends on the different dose 

given to the organ and on location of the target cells. 

Besides, the fractionation scheme on patient 1 is 

fractionation standard on brainstem where the 

calculation of NTCP is relatively low so that 

fractionation scheme can be done by using hypo-

fractionation. To note, another study done in 

Netherland stated that hypo-fractionation on 

brainstem can be done as long as within the dose limit 

and within the briefest treatment time [13]. Thus, this 

study stated that hypo-fractionation is safe and 

appropriate by NTCP calculation. 

This study focusing on NTCP is further study 

of previous study on TCP carried out by Fatimah in 

2019 concludes that hypo-fractionation is the best 

fractionation. The good fractionation, which is the 

result of treatment planning, should consist of both 

calculation of NTCP and TCP. From both 

calculations, it is concluded that the best fractionation 

scheme is hypo-fractionation. Therefore, the best 

fraction for glioblastoma brain cancer is hypo-

fractionation.   

 

CONCLUSION 
 

Radiotherapy is medical treatment on tumor 

using high energy ray requiring treatment planning so 

that the treatment can be safe and effective. Many 

aspects should be determined in treatment planning 

one of which is the fractionation scheme based on 

NTCP and TCP calculations. The EUD model which 

is modified to calculate repair effect is used in 

calculating the NTCP and TCP. This study which is 

based on the data from 10 patients suffering from 

glioblastoma brain cancer states in the form of DVH 

and total time radiation. Over all it can be concluded 

that:  

1. The result of NTCP calculation indicates the low 

risk level with average range value 2 x 10-6 % for 

left lens, 9 x 10-2 % for right lens, 1 x 10-2 % for 

left optic nerve, 1 x 10-1 % for right optic nerve, 4 

x 10-2 % for chiasm, dan 2 x 10-5 % for brainstem. 

Based on NTCP calculation the treatment 

planning that has been done is safe and does not 

have any complication to the patients. 

Furthermore, there are different values on NTCP 

calculation towards each organ because of the 

different dose given.  

2. Based on the least NTCP value among many 

variations on fractionation scheme together with 

the TCP calculation done by Fatimah in 2019, the 

best fractionation scheme is hypo-fractionation 

for target and the normal organ surrounding the 

cells. This fractionation scheme is safe by 

considering dose limit for each normal organ 

surrounding the target cells.  

 

Table 5. Determination of fractionation scheme based on NTCP 

calculation results for patient 1  



13 
IJP Volume 34, Number 2, 2023 

 

ACKNOWLEDGMENT 
 

The completion of this research would have 

not been possible without the contributions, support, 

and encouragement. I would like to express our 

sincere gratitude to Ms. Salma, a medical physicist at 

Santosa Hospital Bandung, who graciously devoted 

her time and expertise to assist, offer advice, and 

provide input related to this research. 

 

REFERENCES 

[1] R. Baskar et al., Cancer and radiation therapy: 

Current advances and future directions, Int J 

Med Sci. 9(3), 193, 2012. 

[2] H. Muhammad, and A. Hussain, An 

Introduction to Medical Physics, Chapter 4, 

63, 2017. 

[3] R. Nuraini, Penentuan Tumor Control 

Probability (TCP) dan Normal Tissue 

Complication Probability (NTCP) dengan 

memperhitungkan Efek Biologis Sel, 

Postgraduate Institut Teknologi Bandung, 

2018.  

[4] A. Niemierko, Reporting and Analyzing Dose 

Distributions: A Concept of Equivalent 

Uniform Dose. Medical Physics, 24, 103, 

1997. 

[5] D. J. Brenner et al., A convenient extension of 

the linear-quadratic model to include 

redistribution and reoxygenation, 32(2), 379, 

1995. 

[6] N. Fatimah, Pengaruh Efek Repair Pada 

Perhitungan Tumor Control Probability (TCP) 

dengan Model Equivalent Uniform Dose 

(EUD), Undergraduate Institut Teknologi 

Bandung, 2019. 

[7] X. A. Li et al., The Use and QA of Biologically 

Related Models for Treatment Planning: 

Report of AAPM Task Group 166. Medical 

Physics, 39, 2012. 
[8] L. B. Marks et al., Use of Normal Tissue 

Complication Probability Models in the Clinic, 

76(3-supp-S), 0–0, 2010.  

[9] H. A. Gay, and A. Niemierko, A Free Program 

for Calculating EUD-Based NTCP and TCP in 

External Beam Radiotherapy, Physics 

Medical, 23, 115, 2007. 

[10] P. Pedicini et al., Clinical Radiobiology of 

Glioblastoma Multiforme: Estimation of 

Tumor Control Probability from Various 

Radiotherapy Fractionation Scheme, 

Strahlentheraple und Onkologie, 10, 925, 

2014. 

[11] TS. Kehwar, Analytical Approach to Estimate 

Normal Tissue Complication Probability 

Using Best Fit of Normal Tissue Tolerance 

Doses into the NTCP Equation of Linear 

Quadratic Model, Departement of Radiation 

Oncology, Postgraduate Institute of Medical 

Education and Research Chandigarh, 2005. 

[12] Y. Yang, and L. Xing, Optimization of 

Radiotherapy Dose-Time Fractionation with 

Consideration of Tumor. American 

Association of Physicists in Medicine, 

Medical Physics, 32, 3666, 2005.  

[13] O. R. J. Geert et al., The Role of 

Hypofractionation Radiotherapy for Diffuse 

Intrinsic Brainstem Glioma in Children: A 

Pilot Study, 73(3), 722, 2009.  

 

 

 

 

 
 


