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Introduction: Due to the challenge of choosing the optimal treatment regimen as well as the accurate dose 
calculation algorithm (DCA), this study aimed to evaluate the DCAs to compare the conventional 
fractionation radiotherapy (CFRT) and hypofractionation radiotherapy (HFRT) of breast cancer (BC) in the 
prediction of cardio-pulmonary complications. 
Material and Methods: For 19 patients with left-sided BC, treatment regimens, CFRT (50Gy/25frs) vs. 
HFRT (42.5Gy/16frs), were simulated. Normal tissue complication probability (NTCP) and tumor control 
probability (TCP) values for each regimen using radiobiological models were calculated via Monte Carlo 
(MC) and Collapsed Cone Convolution (CCC) algorithms. For statistical comparison of the results obtained 
from the regimens and algorithms, the t-test and Wilcoxon test were used in SPSS Statistics. Statistical 
significance was defined as p<0.05. 
Results: The mean NTCP and TCP calculated in CFRT and HFRT were as follows: cardiac mortality (MC: 
CFRT=0.0374±0.0134 vs. HFRT=0.0173±0.0066; p<0.001) and (CCC: CFRT=0.0373±0.0134 vs. 
HFRT=0.0168±0.0064; p<0.001), pneumonitis (MC: CFRT=0.1201±0.0322 vs. HFRT=0.0756±0.0221; 
p<0.001) and (CCC: CFRT=0.1131±0.0310 vs. HFRT=0.0697±0.0120; p<0.010), and TCP (MC: 
CFRT=0.9979±0.0087 vs. HFRT=0.9997±0.0092; p=0.593) and (CCC: CFRT=0.9982±0.0029 vs. 
HFRT=0.9986±0.0016; p=0.821).  
Conclusion: The comparison of CFRT and HFRT using MC and CCC algorithms showed that the risk of 
cardiac mortality and pneumonitis in CFRT was significantly higher than in HFRT, and TCP was not 
significantly different in the two regimens. Applications of MC-based DCAs along with suitable biological 
parameters can help physicists in the prediction of radiation-induced complications accurately and precisely. 
  

Article history: 
Received: Jan 13, 2022 
Accepted: July 02, 2022 

 

 

Keywords:  
Breast Neoplasms 
Pulmonary Heart Disease 
Radiation Dose 
Hypofractionation 
Radiotherapy Planning 
Computer-Assisted  

 
 
 
 
 

►Please cite this article as: 
Omidvar S, Mostafanezhad K, Zeinali A. On Prediction of Cardio-Pulmonary Complications during Hypofractionated versus Conventional 
Fractionated Regimens of Left Breast Radiation Therapy Using Monte Carlo and Collapsed Cone Convolution Based Algorithms. Iran J Med 
Phys 2023; 20: 168-176. 10.22038/IJMP.2022.62939.2066. 
. 
 

 

Introduction 
Breast cancer (BC) is the most common neoplasm 

among women. Radiotherapy (RT) is effective in 
treating BC by improving tumor control and survival. 
In RT of left BC, because of the proximity of breast 
tissue to the heart and left lung, the absorption of 
radiation by these tissues is very challenging. The 
most common lung injury, radiation pneumonitis, is 
known as early to intermediate toxicity. That 
corresponds to various pathophysiological in lung 
tissue and usually occurs 1-6 months after RT with 
symptoms such as dry cough, fever, chest pain, and in 
severe cases may lead to death due to respiratory 
failure. Absorption of radiation by heart tissue may 
lead to long-term heart damage and increase the risk 
of cardiac mortality[1-3]. 

Conventional fractionation radiotherapy (CFRT) is 
a standard and common regimen in RT for early-stage 
BC after breast-conserving surgery (BCS) (50Gy/25frs 
over 5 weeks). In contrast, the hypofractionation 
radiotherapy (HFRT) regimen (40_44Gy/15_16frs 
over 3 weeks) has received much attention by 
reducing the overall dose and overall treatment time. 
Extensive studies have been conducted to compare 
the regimens of CFRT and HFRT of patients with BC 
[4-8]. Normal tissue complication probability (NTCP) 
and tumor control probability (TCP) are biological-
based parameters used as complementary options in 
many treatment planning systems (TPSs). Using these 
parameters, radiation oncologists and radiation 
physicists can predict treatment outcomes with better 
tumor control (TCP close to one) and the fewest 
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complications in normal tissues (NTCP close to zero) 
before starting the treatment process [7-9]. These 
parameters can be calculated using some equivalents 
and formulas introduced and used by researchers in 
experimental studies [9, 10].  

Currently, predicting tissue complications after RT 
is possible more accurately and precisely using 
powerful model-based dose calculation algorithms 
(DCAs) in advanced TPSs. However, model-based 
DCAs do not perform precisely in the field of BCs and 
RT of the thorax region with the presence of different 
tissues, such as the bony thorax, muscles, and lungs 
with different densities and inhomogeneities. 
Consequently, some corrections are necessary 
regarding calculation errors, thus alternative DCAs 
should be used. Recent studies have shown that the 
application of Monte Carlo (MC)-based DCAs for the 
evaluation of dose distributions will be useful, 
especially in the field of inhomogeneities [11, 12]. 

With the effectiveness of HFRT in reducing the 
total dose to patients and diminishing total treatment 
time and costs, the HFRT will be a more attractive 
approach for researchers, physicians, and patients in 
the case of maintaining acceptable treatment results. 
The purpose of this study evaluated the DCAs of MC 
and CCC to compare the CFTR and HFRT of the left BC 
in the prediction of cardio-pulmonary complications 
and tumor control. This study was conducted due to 
the lack of studies on the prediction of cardio-
pulmonary complications during left breast RT using 
MC in HFRT. Different biological models introduced by 
researchers were used for predicting NTCP for cardio-
pulmonary complications and TCP in two regimens, 
HFRT and CFRT [9,10]. Consequently, some 
dosimetric parameters are derived from TPS for the 
completion of the calculation of NTCP and TCP. 
Dosimetric parameters derived from MC and 
Collapsed Cone Convolution (CCC) DCAs used in 
Monaco TPS were segregated here. A homemade code 
was developed in MATLAB for calculating NTCP and 

TCP by biological and dosimetric parameters for each 
algorithm, followed by analyzing and comparing the 
results. 

 

Materials and Methods 
Patients' characteristics 

Computed tomography (CT) scan data of 19 female 
patients with early-stage left-sided BC were used. 
Selected patients underwent a mastectomy or BCS. 
Patients were chosen from those referred to the 
Radiation Oncology Department of Omid Hospital in 
Urmia, Iran, from January 2019 to September 2020. The 
research ethics committee of Urmia University of 
Medical Sciences approved the study protocol and the 
research team considered the confidentiality of patient 
information. 

 

Contouring of the tumor and organs at risk (OARs) 
Contouring target and non-target volumes, such as 

clinical target volume (CTV), heart, and left lung, was 
performed according to the criteria of the International 
Commission of Radiation Units (ICRU) and 
Measurements Reports 50 and 62 [13,14]. All the 
contours were delineated by a radiation oncologist who 
collaborated with a qualified radiation physicist on 
patients' CT images, which were transferred from 
archive software to MONACO-5 (version 5.11.03, 
Crawley, UK) TPS. 

 

Treatment planning 
A 6 MV X-ray photon beam was used by 

considering two tangential fields. Two administered 
doses for two RT regimens, CFRT vs. HFRT, were 
simulated for each patient’s plan. The administered dose 
for CFRT and the second dose for HFRT were 
50Gy/25frs and 42.5Gy/16frs, respectively. Calculations 
were performed using two DCAs, MC vs. CCC, and 
dosimetric data were derived from the dose-volume 
histogram (DVH) (Figure 1). 
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Figure 1. The plans of two tangential fields in the RT of left-sided BC and the related DVHs; (A) CFRT used in MC; (B) the HFRT used in MC; 
(C) CFRT used in CCC; (D) HFRT used in CCC. 

 

TCP and NTCP calculation 
 For calculating NTCP and TCP, a homemade 

computer code was developed in MATLAB (MATLAB-
Rb 2018). In addition to dosimetric data extracted from 
TPS, two radiobiological-based models, the Niemierko 
model [9] and the Relative Seriality (RS) model [10] 
were used to calculate TCP and NTCP (cardiac 
mortality and pneumonitis), respectively. The 
mathematical formulas correspond to each 
radiobiological model accompanied by dosimetric 
parameters used in the developed code for the 
calculation of NTCP and TCP and the results were 
derived for each patient's plan. 

The following formulas were used for the calculation 
of NTCP according to the RS model:         

NTCP = {1 − ∏ [1 − 𝑃(𝐷𝑖)𝑠]𝛥𝑣𝑖𝑛
𝑖=1 }

1

𝑠                           (1)                                                              

P(Di) = 2
− exp{𝑒𝛾(1−

𝐷𝑖
𝐷50

)}
                                             (2) 

 
In equations (1) and (2), n is the number of DVH 

dose bins, γ is the maximum slope of the dose-response 
curve, D50 is the dose leading to 50% of complications, 
and Di is the absorbed dose in each dose bin, 
ΔVi = Vi/V where Vi is the volume of each dose bin that 
receiving dose Di, V is the total volume of the organ, 
and P(Di) is the probability of complication due to the 
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irradiation of the relative volume Vi at the dose Di 
described by an approximation of Poisson statistics. The 
value of the relative seriality factor, s (0≤s≤1), depends 
on the structure of the organ. In an organ that has a 
secret structure, it is close to one, in which case the 
whole organ loses its function by damaging one of the 
functional units. These parameters in the NTCP 
calculation were pneumonitis (D50=34Gy, γ=0.9, 
s=0.06) [15] and cardiac mortality risk (D50=52.3Gy, 
γ=1.28, s=1) [10]. 

The following formula was used for the calculation 
of TCP according to the Niemierko model:                                                                                                                                              

TCP =
1

1+(
𝑇𝐶𝐷50

𝐸𝑈𝐷
)

4𝛾50
                                                     (3) 

 
In the Niemierko model, the equivalent uniform dose 

(EUD) [9] is defined as: 

 EUD = (∑ (vi𝐷𝑖
𝑎)𝑖=1  )

1

𝑎                                               (4) 
 
In equations (3) and (4), the TCD50 is the tumor dose 

to control 50% of the tumors when the tumor is 
homogeneously irradiated [9], γ50 describes the slope of 

the dose-response curve in D50, and 𝑎 is a parameter that 
is specific to the normal structure or tumor, which is a 
large negative number for the tumor, vi is unitless and 
represents the i’th partial volume receiving dose Di in 
Gy. Since the relative volume of the whole structure of 
interest corresponds to 1, the sum of all partial volumes 
vi will equal 1. These parameters in the TCP calculation 

were (γ50=1.3, TCD50=30.89Gy, 𝑎=-7.2) [16]. 

 

Statistical analysis 
Statistical significance was defined as p<0.05. SPSS 

Statistics (version 17.0; IBM) was used for the analysis 
of data. The hypothesis of normality of the data was 
examined in the inferential statistics. Based on the null 
hypothesis, "data have a normal distribution=H0", 
against the alternative hypothesis "data do not have a 
normal distribution=H1". The paired sample t-test was 
used when H0 was established, and if H1 was 
established the nonparametric test (Wilcoxon signed-
rank test) was used to compare the mean value of the 
extracted data. The normality of the data was tested by 
the Shapiro–Wilk test and the value of the skewness 
coefficient was also calculated here.  

Flowchart related to material and methods is 
described in Figure 2. 

 

 

Figure 2. The flowchart related to methods and materials. 

Results 
The NTCP and TCP values of 19 patients based on the 

CFRT and HFRT in the MC and CCC algorithms are 

depicted in Figure 3. The median and also mean values of 

heart NTCP, lung NTCP, and TCP in two algorithms for 

CFRT and HFRT calculated. Then the normality test of 

data considering standard deviation (SD), and standard 

error (SE) was performed and listed in Table 1. Table 2 

described the Shapiro–Wilk, and the skewness coefficient 

to test the data normality in the MC and CCC algorithms. 

Based on this test for (p˃0.05) and small values of the 

skewness coefficient, the data have a normal distribution. 

In Table 3, the t-test and Wilcoxon test were used to 

compare the mean value of NTCP and TCP for data with 

normal distribution and non-normal distribution. In this 

table, t stat and z stat are the values of statistics in the t-test 

and Wilcoxon test.  
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Figure 3. Comparison of NTCP and TCP in CFRT and HFRT using MC and CCC algorithms in 19 patients; (A) Heart NTCP using MC algorithm; (B) 
Heart NTCP using CCC algorithm; (C) Left lung NTCP using MC algorithm; (D) Left lung NTCP using CCC algorithm; (E) TCP using MC algorithm; (F) 

TCP using CCC algorithm. The horizontal axis is the number of patients, and the vertical axis is the mean NTCP and TCP.   

 
Table 1. The values of mean ±SD, median, and SE of cardiac mortality, pneumonitis, and TCP 

 

           Heart NTCP (cardiac mortality)              Left lung NTCP (pneumonitis)                                  TCP 
               MC             CCC               MC             CCC              MC             CCC 
CFRT HFRT CFRT   HFRT   CFRT   HFRT   CFRT   HFRT   CFRT   HFRT   CFRT   HFRT 

       Mean 
       ±SD 

0.0374 

±0.0134 

0.0173 

±0.0066 

0.0373 

±0.0134 

0.0168 

±0.0064 

0.1201 

±0.0322 

0.0756 

±0.0221 

0.1131 

±0.0310 

0.0697 

±0.0120 

0.9979 

±0.0087 

0.9997 

±0.0092 

0.9982 

±0.0029 

0.9986 

±0.0016          SE 0.0031 0.0015 0.0031 0.0015 0.0074 0.0051 0.0071 0.0045 0.0020 0.0002 0.0007 0.0004 

       Median 0.0355 0.0158 0.0343 0.0148 0.1277 0.0822 0.1190 0.0732       1     1 0.9995 0.9995 

CI (95%) 
𝐿𝑜𝑤𝑒𝑟

𝑈𝑝𝑝𝑒𝑟
 0.0310

 0.0439
 

0.0142

0.0205
 

0.0308

0.0437
 

0.0137

0.0168
 

0.1046

0.1356
 

 0.0649

0.0862
 

 0.0981

0.1280
 

0.0601

0.0793
 

0.9937

1.0021
 

0.9993

1.0002
 

0.9968

0.9996
 

0.9978

0.9993
 

 

Table 2. Data normality test in CFRT and HFRT using MC and CCC algorithms 

 

 Regimens and 

Algorithms 

Shapiro-Wilk Test 

        p-value 

Skewness 

coefficient Heart NTCP (cardiac mortality) MC             CFRT 

                    HFRT 
       0.184 

          0.476 

0.167±0.524 

0.525±0.524 

CCC           CFRT 

                    HFRT 

          0.192 

          0.413 

0.204±0.524 

0.408±0.524 
Lung NTCP    (pneumonitis) MC             CFRT 

                    HFRT 
        <0.050 

        <0.050 

-1.718±0.524 

-1.535±0.524 

CCC           CFRT 

                    HFRT 

        <0.010 

        <0.001 

-1.842±0.524 

4.207±0.524 TCP 
MC             CFRT 

                    HFRT 

        <0.001 

        <0.001 

-4.356±0.524 

-4.106±0.524 

CCC           CFRT 

                    HFRT 
        <0.001 

        <0.001 

-2.960±0.524 

-1.167±0.524  

Table 3.Comparison of the regimens (CFRT vs. HFRT) and algorithms (MC vs. CCC) for the mean values of NTCP (heart and left lung) and TCP by the 

paired sample t-test and Wilcoxon signed-rank test. 

 

                            t-test                                                  Wilcoxon test 

      Heart NTCP (cardiac mortality)       Lung NTCP (pneumonitis)                        TCP 

Algorithms and Regimens Mean±SD t stat p-value Mean±SD z stat p-value Mean±SD z stat p-value 

MC        CFRT   HFRT 
(0.0374±0.0134) 
(0.0173±0.0066) 

12.257 <0.001 
(0.1201±0.0322) 
(0.0756±0.0221) 

-3.823 <0.001 
(0.9979±0.0087) 
(0.9997±0.0092) 

-0.535  0.593 

CCC       CFRT   HFRT 
(0.0373±0.0134) 

(0.0168±0.0064) 
12.499 <0.001 

(0.1131±0.0310) 

(0.0697±0.0120) 
-3.058 <0.010 

(0.9982±0.0029) 

(0.9986±0.0016) 
-0.227  0.821 

CFRT       MC   CCC 
(0.0374±0.0134) 
(0.0373±0.0134) 

 0.317 ˃0.050 
(0.1201±0.0322) 
(0.1131±0.0310) 

-3.783 <0.001 
(0.9979±0.0087) 
(0.9982±0.0029) 

-3.073 <0.010 

HFRT       MC   CCC 
(0.0173±0.0066) 

(0.0168±0.0064) 
 2.309 <0.050 

(0.0756±0.0221) 

(0.0697±0.0120) 
-2.938 <0.010 

(0.9997±0.0092) 

(0.9986±0.0016) 
-3.834 <0.001 

 

Heart NTCP (cardiac mortality)  

Based on Table 1 the mean values of heart NTCP in 

MC and CCC algorithms were respectively 0.0374±0.0134 

and 0.0373±0.0134 for CFRT, and 0.0173±0.0066 and 

0.0168±0.0064 for HFRT. The results of a normality 

hypothesis test of data in the CCC and MC algorithms were 

p˃0.05 for the CFRT and HFRT in the Shapiro-Wilk test. 

Moreover, data had a natural distribution due to the small 

values of the skewness coefficient (Table 2), which 

confirmed H0. Hence, we used the t-test to compare the 

mean values of heart NTCP in CFRT and HFRT via MC 

and CCC algorithms and presented the results in Table 3. 

In this table, the mean values of heart NTCP in CFRT vs. 

HFRT were 0.0374±0.0134 vs. 0.0173±0.0066 for MC 
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(p<0.001), and 0.0373±0.0134 vs. 0.0168±0.0064 for CCC 

(p<0.001) and the mean values of heart NTCP in MC vs. 

CCC algorithms were 0.0374±0.0134 vs. 0.0373±0.0134 

for CFRT (p˃0.050), and 0.0173±0.0066 vs. 

0.0168±0.0064 for HFRT (p<0.050). 

 

Left lung NTCP (pneumonitis) 

Based on Table 1 the mean values of left lung NTCP in 

MC and CCC algorithms were respectively 0.1201±0.0322 

and 0.1131±0.0310 for CFRT, and 0.0756±0.0221 and 

0.0697±0.0120 for HFRT. The results of the normality test 

of data in all cases were p<0.05 (Table 2), therefore data 

had a non-normal distribution, thus confirming H1. We 

used the nonparametric test (Wilcoxon test) to compare the 

mean values of left lung NTCP in CFRT and HFRT via 

MC and CCC algorithms and presented the results in Table 

3. In this table, the mean values of left lung NTCP in 

CFRT vs. HFRT were 0.1201±0.0322 vs. 0.0756±0.0221 

for MC (p<0.001), and 0.1131±0.0310 vs. 0.0697±0.0120 

for CCC (p<0.01) and the mean values of left lung NTCP 

in MC vs. CCC algorithms were 0.1201±0.0322 vs. 

0.1131±0.0310 for CFRT (p<0.001), and 0.0756±0.0221 

vs. 0.0697±0.0120 for HFRT (p<0.01). 

 

TCP  
Based on Table 1 the mean values of TCP in MC and 

CCC algorithms were respectively 0.9979±0.0087 and 

0.9982±0.0029 for CFRT, and 0.9997±0.0092 and 

0.9986±0.0016 for HFRT. The results of the normality test 

of data were significant in all cases p<0.001 (Table 2). 

Besides, high values of the skewness coefficient (Table 2) 

revealed a non-normal distribution of data. Therefore, 

confirmed H1. We used the nonparametric test (Wilcoxon 

test) to compare the mean values of TCP in CFRT and 

HFRT via MC and CCC algorithms and represented the 

results in Table 3. In this table, the mean values of TCP in 

CFRT vs. HFRT were 0.9979±0.0087 vs. 0.9997±0.0092 

for MC (p=0.593), and 0.9982±0.0029 vs. 0.9986±0.0016 

for CCC (p=0.821) and the mean values of TCP in MC vs. 

CCC algorithms were 0.9979±0.0087 vs. 0.9982±0.0029 

for CFRT (p<0.01), and 0.9997±0.0092 vs. 0.9986±0.0016 

for HFRT (p<0.001). 
 

Discussion 
Recent studies have shown that TCP and NTCP are 

well-known tools as radiobiological indices for the 
evaluation of tumor control and the prediction of normal 
tissue complications during RT. During the last decade, 
extensive studies indicated that DCAs using appropriate 
organ-specific biological models and parameters in 
TPSs have a considerable role in the calculations of 
NTCP and TCP [7, 8,17,18].   

The main goal of this study was the prediction of 
cardio-pulmonary complications during HFRT versus 
CFRT of left breast radiation therapy using MC and 
CCC-based algorithms. The MC algorithm is more 
accurate and precise than the CCC, especially in dose 
calculation in heterogeneous environments; however, 
the CCC algorithm is especially preferred in clinics 

because CCC calculations take less time than the MC 
[19]. In addition, we tried to evaluate the effects of 
different radiobiological models along with dosimetric 
parameters in TCP and NTCP calculations. For this 
purpose, two biological models, the RS model and the 
Niermieko model used to estimate NTCP and TCP. 
Because of the non-normal distribution nature of data in 
the calculation of left lung NTCP, the Wilcoxon test was 
used to compare mean left lung NTCP in the CFRT and 
HFRT and the MC and CCC algorithms. Our results 
showed that the mean values of left lung NTCP for the 
MC algorithm were: CFRT=0.1201 vs. HFRT=0.0756 
(p<0.001) and for the CCC algorithm were: 
CFRT=0.1131 vs. HFRT=0.0697 (p<0.01) (Figure 4A). 
Our results confirmed that the predicted values for RT-
induced pneumonitis, for all DCAs and biological 
models in HFRT are lesser than CFRT. So in the field of 
RT-induced pulmonary complications, HFRT is less 
complicated and safer than CFRT. These results are well 
compared to the results reported by: Li et al. (2004), and 
Astudillo et al. (2015) [7,8].  

Because of the normal distribution of data in the 
calculation of heart NTCP, the t-test was used to 
compare mean values of NTCP in the CFRT and HFRT 
and the MC and CCC algorithms. Our results 
demonstrated that the mean values of heart NTCP using 
MC algorithm were: CFRT=0.0374 vs. HFRT=0.0173 
and for CCC algorithm were: CFRT=0.0373 vs. 
HFRT=0.0168 (Figure 4B). So in the field of RT-
induced cardiac complications similar to pulmonary 
complications, the HFRT is less complicated and safer 
than CFRT (p<0.001). Our results are consistence with 
the results reported by James et al. (2018) and Applet 
et.al (2013) [4-5]. James et.al compared the risks of 
cardiac complications in RT from BCS or mastectomy 
in CFRT (50Gy/25frs) and HFRT (42.5Gy/16frs) in 220 
and 281 patients, respectively. After 10 years of follow-
up, they reported 27 RT-induced cardiac events. They 
eventually reported that cardiac risks were equally low 
in HFRT groups [4]. Applet et al. Compared CFRT 
(50Gy/25frs) with four different HFRTs (40Gy/15frs, 
39Gy/13frs, 42.5Gy/16frs, and 41.6Gy/13frs) in patients 
with left BC after RT. Cardiac toxicity was lower than 
CFRT in all HFRT regimens, which confirms our results 
[5]. Also, research by Nozaki et al. Showed that HFRT 
is a standard and safe treatment for fibrosis, 
pneumonitis, and heart damage [6].  

Although the TCP values in both RT regimens for 
MC and CCC calculations are about the same, however 
in each regimen alone, the calculated TCPs for different 
algorithms are different. According to our results listed 
in Table 3, in the CFRT, the mean TCP in the CCC is 
higher than the MC (p<0.010), and in the HFRT, the 
mean TCP in the MC algorithm is higher than the CCC 
algorithm (p<0.001). Based on the results listed in table 
3, in CFRT, no significant difference was observed 
between MC and CCC algorithms in terms of mean 
heart NTCP (p˃0.050). However, in HFRT, the mean 
heart NTCP in the MC is higher than in the CCC 
(p<0.050). Also, the values listed in Table 3 show that 
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in the CFRT, the mean left lung NTCP in the MC is 
higher than in the CCC (p<0.001), and in the HFRT, the 
mean lung NTCP in the MC is higher than the CCC 
(p<0.010). These differences may be because the NTCP 
and TCP are dependent on biological parameters. Some 
studies have suggested that there may be other 
biologically effective parameters in the calculation of 
TCP and NTCP to achieve a model with more accurate 
biological optimization and evaluation to predict tissue 
biophysical response and thus Calculated TCP and 
NTCP more accurately [19]. On the other hand, the MC 
and CCC algorithms in compared CFRT and HFRT 
provide similar performance and results. According to 
the results, the use of these algorithms is unobstructed 
and both work carefully in calculating the dose and 
reducing cardio-pulmonary complications. 

 

 

 

 
 
Figure 4. Comparison of the mean TCP and NTCP in CFRT and 
HFRT using MC and CCC algorithms; (A) Mean of Left lung NTCP 
for CFRT and HFRT using MC and CCC algorithms; (B) Mean of 
heart NTCP for CFRT and HFRT using MC and CCC algorithms; (C) 
Mean of TCP for CFRT and HFRT using MC and CCC algorithms. 

 
Our results showed that the mean values for TCPs 

for the MC algorithm were: CFRT=0.9979 vs. 

HFRT=0.9997 and for CCC were: CFRT: 0.9982 vs. 
HFRT: 0.9986 (Figure 4C). According to these results, 
there are no significant differences in the TCP values 
between the CFRT and HFRT using MC and CCC (MC: 
p=0.593 vs. CCC: p=0.821). According to a study by 
Goli A.M, the reason for the lack of significant 
differences in TCP between CFRT and HFRT treatment 
regimens is related to the α/β ratio. In this study, the 
results of TCP calculations using the Poisson model are 
highly dependent on the tissue radiosensitivity, so with 
decreasing α/β, the TCP values in CFRT and HFRT 
increase. In our study, there was no significant 
difference between the two regimes due to the choice of 
the Niemierko model for calculating the TCP which is 
less dependent on tissue radiosensitivity, and the 
selection of a specific endpoint (tumor control) and a 
constant α/β value [20]. 

As the prevalence of cancer in the world increases, 
its treatment strategies are constantly evolving, 
including RT aimed at devising and implementing 
techniques to further control the tumor and better 
maintain OARs. Therefore, non-conventional radiation 
techniques, such as fractionated RT to provide a high 
therapeutic index and deal with possible challenges in 
the treatment of patients have been developed [21]. 
According to the results of this study, the results of 
clinical studies are consistent with the results of our 
research, which expresses the appropriate and reliable 
performance of MC and CCC algorithms in predicting 
the dose distribution in tissues and OARs. 

 

Conclusion 
Given the widespread prevalence of BC in the world 

and the use of RT to treat patients, any process that 
reduces the risk of possible complications from RT in 
these patients is of great importance. The CFRT and 
HFRT can be simulated by changing the treatment 
parameters, such as the number of fractions, fraction 
sizes, and the overall treatment time. Due to the 
challenge of choosing the optimal treatment regimen as 
well as the accurate DCA, this study was performed. 
According to the results of this study and other similar 
studies, the use of HFRT in medical centers is 
guaranteed and due to reduced time, cost Treatment, and 
complications of left chest RT in heart and lung tissues 
is recommended. The HFRT brings significant 
therapeutic benefits to patients and treatment centers and 
is a safe and cost-effective treatment method by 
provides acceptable treatment results. Among these, the 
role of DCAs in predicting the dose distribution of vital 
organs and heterogeneous areas and planning an ideal 
treatment plan is essential. 
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