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Abstract 

Purpose: To evaluate the biologic differences in treatment plans with different number of beams on 3D 

conformal radiotherapy for breast cancer patients, and compute the percent of probability to tumor control and 

complication of normal tissue probability using matlap program. Then determine the optimum plan through 

these values.  

Materials and Methods 

The study potentially included 13 of the female patients diagnosed with breast cancer who were treated after 

surgery in the Elkhir Hospital and Mansoura University (radiotherapy unit). All patient applied to a standard dose 

of 40 Gy/15 per fractions to both breast and supraclavicular. Two treatment plans were done by Prowess Panther 

TPS (Treatment Planning System) and changing the number of beams for each patient then dose-volume 

histogram (DVH) for each patient was imported to MATLAB program. 

 Results 

All the results showed that the average TCP% of PTV of the plans that contains more numbers of beams is 54.2 

%, while in other plans, 54.6%, meaning that in more numbers of beams the tumor control is nearly the same as 

less numbers of beams. While the average NTCP of heart (normal tissue) is 23.5% with more number of beams 

and 25.4 % with less number meaning that complication of some normal tissue such as heart is slight decrease 

with increasing the number of beams (less damage), but no significance value, also increasing the number of 

beams of the other OAR such as lung result in slight decrease in damage to normal tissue, but no significance 

also.  

Conclusion 

The numbers of beams are less important to verify control tumor and complications to normal tissue 

probabilities with planning proposed because the damage to normal tissue and the tumor control probability 

has nearly the same effect with changing the number of beams. Radio oncologist and medical physicist must 

make a decision about treatment though the accurate values of TCP and NTCP, and this achieved by test the 

accurate plan based on these values. MATLAB program is a tool to compute these values. This study avoids the 

trials and errors that medical physicists counteract by increasing or decreasing the number of beams, and this 
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saves time to medical physicists and gives a chance to other patients to be treated, so it is very important to 

radiotherapy centers. 

Keywords: breast cancer, number of beams, TCP: Tumor Control Probability, NTCP: Normal Tissue Complication 

Probability EUD: Equivalent Uniform Dose, HFRT: Hypofractionated radiotherapy, and MATLAP program. 

1. Introduction  

Breast cancer is the most common cancer among females. Its treatment includes surgical, radiotherapy (RT), and 

systemic treatment with chemotherapy (CT) and hormone therapy, or a combination of all these. Radiation after 

breast-conserving surgery (BCS) for early as well as locally advanced tumor after neoadjuvant chemotherapy 

(NACT) is now considered as an integral part of Breast-Conserving Therapy (BCT) whereas post-mastectomy 

radiotherapy (PMRT) to chest wall and or regional area is considered beneficial for a selected group of high-risk 

patients. PMRT decreases loco-regional recurrence (LRR) in women with operable breast cancer and enhances 

survival. Hypo fractionated schedule would be more appealing and convenient for patients than Conventional 

[1-5]. The aim of radiation oncology is the increasing the curing rates of the tumor, that typically based on the 

delivered dose. The distribution of dose in both the tumor and organs at risks (OAR, is calculated by specific 

algorithms to the dose calculation. Basing on the predicted dose distribution, radiobiological models are capable 

of estimating the “tumor control probability” (TCP) and “normal tissue complication probability” (NTCP). These 

models are depending on various statistical and mathematical concepts. Some of these models are available in 

the treatment planning systems (TPS) directly that are used for calculating the dose distribution. Already the 

effect the number of beams contributes to these values [6-12]. 

These aims can be described quantitatively by dose-response curves for the tumor and normal tissue, as 

described in figure (1). Increasing the dose to the tumor leads to increase in the tumor control probability (TCP) 

also. Does increasing lead to the normal tissue complication probability (NTCP), which frequently is the limiting 

factor in clinical situations? In the region between both two curves “denoted as therapeutic window”, the 

probability of tumour control with no complications to normal tissue reaches a maximum at the optimum dose 

D opt. If type and percentage of the related complications are not accepted, however this optimized dose may 

not be feasible to be applied in clinical situations, and the probability for tumour control will be even lower [13]. 

This study aiming to the evaluation of the advantage that calculations program (MATLAP) represents.  It based 

on TCP and NTCP radiobiological models and their biological variables for their applications on daily clinic in 

hypofractionated radiotherapy to predict treatment planning with largest tumor control probability and minor 

damage probability. 

Fig. (1) Dose-response curve for tumour control probability (TCP) and normal tissue complication 

probability (NTCP). The maximum probability for tumour control without normal tissue complications 

(dashed line) is reached at the optimum dose (Dopt) 
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2. Materials and methods 

2.1. Materials   

2.1.1 Prowess Panther (TPS) 

Prowess Panther TPS (Treatment Planning System) (version 7.6c, Philips Healthcare, Best, and The Netherlands) 

can be easily defined as Prowess Panther TPS VPS plus dose calculations. This TPS provides a cost-effective 

solution for CT simulation and three-dimensional therapy treatments planning system and designed to work via 

a fully networked department. It is designed for concurrent treatment planning that allows each member in the 

planning team to perform their part of the process from their workstation, at their desk, on their own schedule. 

The TPS simulation process provides the tools for one to design a treatment. Panther has the ability to receive 

information via a network system, from any manufacturer’s CT scanner using DICOM 3.0 format. Using Panther, 

one can manipulate and consider multiple-beam geometries and the irradiated anatomy through digitally 

reconstructed radiograph (DRRs). The tumor volume is delineated by drawing outlines on the axial view. In the 

Beam’s Eye View, the program simulates accurately both blocking and multi-leaf collimator blocking (MLC). 

These blocks are superimposed on the DRR. Advanced tools for 3 D visualization are transverse planes and 

wireframe contours surrounding 3D renderings of internal tumors and structures. Following the computer 

simulation, the dose generated actually from the beams can be displayed in real-time. Changing the beam or 

plan and show the effect on the patient dosimetry, immediately [14]. 

2.1.2. MATLAB 

has served as a useful tool for development software  MATLAB R2014a). This(Inc., Natick, MA  ,The Math works

processing the pencil beam data sets. MATLAB is a numeric computation and visualization soft-ware system 

[15]. 

2.1.3. Linear accelerator 

In a linear accelerator (linac) charged particles acquire energy moving on a linear path; their characteristic 

feature is that particles pass only once through each of the accelerating structures. The linear accelerator used 

is 6 MV or 15 MV of the ELEKTA; Precise [16]. 

2.2. Methods  

The study prospectively included 13 of the female breast cancer patients who were irradiated, after surgery in 

the Elkhir Hospital and Mansoura University (radiotherapy unit) between January 2018 and December 2019. 

Inclusion criteria: Collect host and treatment-related factors: age, histological types of the tumor, the grade of 

the tumor, PT stage and PN stage of the tumor according to the clinical TNM Staging System. Patients underwent 

breast cancer surgery in the hospital with breast cancer confirmed by postoperative pathology diagnosis age 

from 25 to 75 years old. All patient applied to a standard dose of (40 Gy/15 fractions/3 weeks) to both breast 

and supraclavicular. All the patients included in this study are listed in table 1 (a & b) where (a) represent number 

of beams and (b) represent the less number of beams.  

2.3. Statistical Analysis  

The test of significance was used and considered is the T-test. The quantitative data were presented in the form 

of mean and standard error of mean. Significance was considered at a p-value less than 0.05.  

Table (1a) patient’s treatment plans and their information, (a) represents an increasing number of 

beams 
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Table (1b) patient’s treatment plans and their information. (b) represents decrease number of beams 

Patients  group a Technique Number of 

fields 

Diagnosis Age 

(year) 

Max. 

Dose% 

1 

 

Tangential beams 

with single isocenter 

8 RT BR  TXN0 40 113.8 

2 

 

Half beam block 

 

6 LT BR CW LN 45 113.1 

3 Tangential beams 

with single isocenter 

6 RTBR  T2N0 

MRM 

 

64 112.2 

4 

 

Half beam block 6 Rt BR 

MRM T3N3 

26 111.2 

5 

 

Half beam block 

 

6 Rt BR LN 

MRM 

30 111.5 

6 

 

Half beam block 6 RTBR LN  MRM 53 113.5 

7 Tangential beams 

(isocenter) 

6 LT CW T1N0 

 

50 112 

8 

 

Half beam block 2 LT BR  T1N0 45 111.1 

9 Half beam block 2 LT BR  MRM 

 

50 112 

10 

 

isocenter technique 6 LT BR T1N0 

 

50 115.2 

11 

 

isocenter technique 6 MRM  RT BR  N0 50 115.8 

12 

 

Half beam block 6 T1N1M0 

 

45 111.9 

 

13 

Half beam block 6 RTCW+ TXN1 

 

23 112.9 
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2.3. Treatment protocol 

   This work was designed so that it supports the analysis of DVH- and examining the breast cancer patients treated 

with 3D. 13 patients were treated with radiotherapy in this work. We have participated in all different diagnosis 

of breast cancer include mastectomy and with adenocarcinoma. Patients were treated in hypo fractionated 

schedules. DVHs of the treatment were imported. 

   Through tomographic slices was done runaround of the area where was located injury, PTV (planning Target 

Volume) Figure (2). DVH was built for each PTV of each patient, and organs at risk and data were imported. 

 

Fig. (2). Dose homogeneity in breast cancer treatment, RT lung is OAR 

Patient  group b Number of fields Max. dose% 

1 7 114.2 

2 5 116.6 

3 5 116.1 

4 5 111.8 

5 5 113 

6 5 113.6 

7 5 114 

8 3 111.1 

9 3 111.9 

10 5 113 

11 5 112.9 

12 5 115.9 

13 5 112.9 
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Generally, in a cancer breast treatment, organs at risk “ OAR” are left lung or right and heart. The technique 

developed in planning was standard, consisting of two tangential oblique fields including chest wall [17, 18]. 

The prowess was used for 3D planning of the patients enrolled in this study. The imported patients were treated 

using two techniques for all target volumes. (PTV, CTV, lung, and heart) [19].The two plans are done for each 

patient. And the numbers of beams were changed for each of the two plans. Because different treatment plans 

may lead to dose distributions having similar gross dose measures (such as mean dose), but characterized by 

DVHs with very different shapes. To determine the optimal plan, in this case, clinicians may need to rely on 

relatively vague notions of dose-volume characteristics of different tissues.  

Clearly, a natural application of radiobiological modeling to radiotherapy is the ranking of treatment plans 

through a more explicit calculation of TCP and NTCP values using models that automatically incorporate the 

available clinical data regarding the dose-volume characteristics of different tissues [20, 21] then compute the 

NTCP and TCP for each plan for all patients.  

2.4. Calculating the NTCP and TCP using a biological model  

The EUD (equivalent uniform dose model was used to calculate the TCP [22-24]  

      𝑇𝐶𝑃 =
1

1+(
𝑇𝐶𝐷50

𝐸𝑈𝐷
)

4ɣ50
  
                                                                                       (1)                                                                                   

                  

The TCD50 is the dose to control 50% of the tumors when the tumor is homogeneously irradiated. Ɣ50 describes 

the slope of the dose-response curve. EUD is calculated as:                                                                                                                                          

EUD = (∑vi Di
a) 1/a                                                                                                                    

Where (vi) is the fractional organ volume that receives a dose (Di) and (a) is a tissue-specific parameter 

describing the volume effect.  In this study, the value of (a) and other parameters TCD50  and γ50 were taken, 

as listed in table (2) [25-28]. For comparative aim, the values for TCD50 and γ50 for adjuvant radiotherapy and 

curative aim were investigated in order to evaluate the TCP-values with physical indices from DVH.  

These equations are written in MATLAP in order to analyze the DVH for each patient using the specific program. 

Save this file in Matlab as eudmodel.m %EUDMODEL (DVH), where DVH is a 2 column matrix corresponding to 

the cumulative, not% differential, dose-volume histogram. The 1st column corresponds to increasing absolute 

dose or %percentage dose values, and the 2nd column to the corresponding absolute or relative volume value 

%. The matrix must have a minimum of two rows, and both columns must be of equal length. 

Table (2) radiobiological parameters used to calculate NTCP and TCP 

Structures   a ɣ50 TCD50     TD50 α /β References 

Tumor Breast -7.2 2 45.75  10 Willner et al. [25] 

Guerreo et al. [26] 

Hall et al. [27] 

Organs at 

risk “OAR” 

 

 

Heart  

 

3 

 

3 

 

 

50 

 

1.8-2 

 

 

Emami et al. [28] 

lung 1 2  24.5 1.8-2 

4. Results and discussion  
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The result of the MATLAP program that the user must follow the instructions is shown in Figure 3 (a  & b). All 

the values of the two plans for each patient obtained are listed in table 2(a& b), where (a) represent more 

number of beams and (b) represent less number of beams. 

 

Fig. (3a) indicate our MATLAP program to calculate TCP and NTCP 
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Fig. (3b) indicate our MATLAP program to calculate TCP and NTCP 

Table 2 (a) shows the results of our program of the group (a) that indicate more number of beams 

Patients group a 

(increase number of 

beams) 

TCP % of   

PTV 

NTCP % OF 

HEART 

NTCP % OF 

LUNG 

Number of 

beams 

1  52.76% 19% 32.92 % 8 

2  50.78% 30.8% 39.08 % 6 

3  48.9 % 20% 38.7% 6 

4 53.9% 14% 34.9% 6 

5  50.07% 20% 40% 6 

6 55 % 23% 29% 6 

7  60% 26% 35% 6 

8  63% 35% 24% 3 

9   53.7% 34.9 16% 3 
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Table 2 (b) shows the results of our program of the group b that indicate less number of beams. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 All the results showed that the average TCP% of PTV of the plans that contains more numbers of beams is 54.27 

% while in other plans 54.65%. Mean± SEM of the group (a) is 54.27 ± 1.121   while in group b is 54.65 ± 0.9297 

N=13. 

This show that there is no significance in the group (a) (increasing numbers of beams) versus group (b) (less 

numbers of the beam) means that the tumor control by increasing the number of beams is nearly the same as 

decreasing the number, b value  = ( 0.7964). While the Mean± SEM of group (a) of NTCP of heart is 23.59 ± 

2.609. while in group (b) is 25.43 ± 2.883 meaning that complication of some normal tissue such as heart is less 

with increasing the number of beams there is slight decrease in complication means less damage to normal 

tissue but also no significance value, p-value =0.6413,  also in other  OAR such   as Lung, NTCP in group (a) is 

10  55 % 13.98 32% 6 

11 57.69% 8% 14.56% 6 

12  54% 22% %32 6 

13 

 

50.7 40% 52% 6 

Patients group b 

(decrease number 

of beams) 

TCP % 

of   

PTV 

NTCP % 

OF HEART 

NTCP % 

OF LUNG 

Number of 

beams 

1  52.81% 21.9% 35.04% 7 

2  53.2% 31% 39.06% 5 

3  54% 18.9% 38.7% 5 

4  54% 16% 34% 5 

5  50.53% 17.93% 38% 5 

6  54.5% 23% 29% 5 

7  56% 30% 36% 5 

8  63% 35% 24% 2 

9  53.7% 34.8% 18% 2 

10 56% 14% 32% 5 

11 59% 8% 16% 5 

 12  53% 40% 52%  5 

13 50.7% 40% 52% 5 
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average 32.3% while in group b 34.14% meaning there is slight decrease in complication probability in normal 

tissue with increasing the number of beams   of lung also no significance value, p-value = 0.6621. Figure 4 (a, b, 

and c) shows the effect of numbers of beams on tumor and normal tissue. Our results agree with Armando 

Astudillo-Velázquez, et al. within ±.7% [17] and KS Jothy Basu, Amit Bahl, V Subramani, et al. within ± 5.5% [29].    

Patients have shown a ratio of TCP for both plans   0.9, indicating that control will be the same with the error of 

0.1%. While the damage to normal tissue is less in increasing the number of beams such as lung and heart as 

shown in table 3 but no significance. It is evident from the results that  MATLAP  program is able to calculate 

the NTCP and TCP values that capable of predicting optimal plan and the number of beams has nearly no 

significant effect on these value, so medical physicist must test the optimum plan based on these values 

whatever the number of beams more or less. This saves the time of trials and errors of decreasing and increasing 

the number of beams. The medical physicist must concentrate on the other factors that give minor NTCP and 

more TCP rather than the number of fields.  MAT LAP program facilitate every test to any plan. The study should 

also be applicable to other anatomic sites such as head and neck. 

G
ro

up A
 

G
ro

up B

0

20

40

60

TC
P

 %
 o

f  
P

TV

                         P-value = 0.7964 

 

Mean ± SEM of column A           54.27 ± 1.121 N=13 

                  Mean ± SEM of column B            54.65 ± 0.9297 N=13 

 

Fig. (4a) show the effect of numbers of beams on tumor and normal tissue on PTV for both group a 

and b which represent more number and less number of beams respectively  

Group A 

Group B
0

10

20

30

NT
CP

 %
 O

F 
HE

AR
T

     

 P value= 0.6413 
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Mean ± SEM of column A 23.59 ± 2.609 N=13 

Mean ± SEM of column B 25.43 ± 2.883 N=13 

 

Fig. (4 b) show the effect of numbers of beams on tumor and normal tissue on the heart for both group (a) and 

(b), which represent more number and less number of beams, respectively. 

G
ro

up A
 

G
ro

up B

0

10

20

30

40

N
T

C
P

 %
 O

F
 L

U
N

G

  

P-value = 0.6621 

Mean ± SEM of column A 32.32 ± 2.784 N=13 

Mean ± SEM of column B 34.14 ± 3.023 N=13 

 

Fig. (4 c) shows the effect of numbers of beams on tumor and normal tissue on the lung for both group (a) and 

(b), which represent more number and less number of beams, respectively. 

Table 3 shows the ratio of the TCP and NTCP for both more and less numbers of beams  

Patients TCP ratio plan a  versus plan b NTCP ratio of heart  plan 

a  versus plan b 

NTCP ratio of 

lung  plan a vs. 

plan b 

1 0.99 0.86 0.93 

2 0.95 0.99 1 

3 0.90 1.05 1 

4 0.99 0.87 1.02 
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5. Conclusions   

This significant value leads to do separate studies to analyze the effect of each plan alone.  By eudmodel.m 

(MATLAP program), through importing real clinical data from DVHs allows assisting to radioncologist and 

medical physicists in evaluation of treatment planning. It is an accessible program for everyone user. Biological 

constants are available in papers for the use in this program. The numbers of beams have no significance to 

verify control tumor and complications to normal tissue probabilities with planning proposed, the medical 

physicist must obtain the optimum plan based on TCP and NTCP only, and this saves the time for patients and 

medical physicist, so this study is extremely important to patient. The optimum plan doesn’t depend on the 

number of beams.  Radio oncologist and medical physicist must make a decision about treatment though the 

accurate values of TCP and NTCP, and this achieved via testing plans by MATLAP program, not by the number 

of beams. 
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