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Introduction: The main objective of this study was to assess the impacts of an increasing the number of 
IMRT beams on cardiac dose distribution in left-sided breast irradiation so that we can reduce the heart’s 
mean dose  up to clinically acceptable level.  
Material and Methods: For this study 107 female patients, diagnosed with left-sided breast cancer were 
selected retrospectively. In 107 patients, there were 52 patients of chest wall irradiation including supra-
clavicular fossa, while 22 patients were of breast-conserving surgery excluding supra-clavicular fossa and 
internal mammary lymph nodes, and 33 patients were of chest wall irradiation including internal mammary 
lymph nodes and supra-clavicular fossa. Exclusion criteria were previous history of left-sided breast radiation 
therapy, uncommon fractionated dose delivered in past, and indication of palliative radiation therapy. 
Intensity modulated radiotherapy plans were generated using 7, 9 and11 beams for each patient and the 
prescribed dose was 40.05 Gy in 15 fractions (2.67 Gy /fraction) for the targets. 
Results: Heart: V5Gy(cc): This was a low-dose volume of our study in which the 11-bIMRT technique yielded 
better result as compared to 9- and 7-bIMRT. Maximum and minimum values of V5 were found 539.60cc in 
9-bIMRT and 141.32cc in 11-bIMRT techniques respectively.V25Gy(cc): The maximum value of V25Gy was 
found 41.73cc in 7-bIMRT technique, while the lowest value was 0.29cc in 11-bIMRT. The IMRT technique 
with 11 beams showed comparatively better result on this parameter as well as 3-5cc volume of V25Gy was 
spared. Mean dose (Gy): Maximum value of mean dose was found 8.51Gy in 7-bIMRT while it was 6.53Gy 
in 11-bIMRT technique.     
Conclusion: The study indicates that increasing the number of IMRT beams reduces heart’s high-dose 
volume and improves the quality of treatment plans. It is judicious to use 11-bIMRT technique in left-sided 
breast irradiation as it produces clinically acceptable mean heart dose. 
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Introduction 
Breast cancer has been a common malignancy in 

women across the globe. However, it is a fast growing 
disease in female particularly in the developed world 
[1]. Radiotherapy (RT) plays an important role in the 
treatment of breast cancer especially in breast- 
conserving therapy. It has been observed that breast-
conserving surgery (BCS) followed by adjuvant 
radiation therapy results as the same survival rate as 
radical breast surgery [2,3]. Nowadays, several 
techniques are available in radiotherapy for delivering 
dose safely and accurately to the targets with minimal 
damage of the surrounding normal organs. Recently 
introduced the accelerated partial breast irradiation 
(APBI) technique is an alternative treatment modality 
for selected cancer patients with early stage breast 
cancer. Moreover, Intensity-Modulated Radiotherapy 
(IMRT) has the advantage of dose conformity and 
homogeneity as compared with three-dimensional 
(3D-CRT) techniques with more sparing effects of 

organs at risk [4-10].  Half beam block (HBB) 
technique is also a very useful method to spare the 
underlying lung and heart while irradiating the left 
breast. In this technique, the contra-lateral lung and 
opposite breast receive very less radiation dose which 
is well within their tolerance value [11]. In many 
cases, breast cancer requires multimodal treatment 
such as surgery, chemotherapy followed by 
radiotherapy. Several randomized data in conjunction 
with meta-analysis have shown less recurrence and 
elevated long-term survival (5–10%) after adjuvant 
3D-CRT in breast cancer patients [12–14]. However, 
apart from the beneficial effects of radiotherapy, 
irradiation may cause detrimental side effects on 
normal tissues. Normally, ipsilateral lung and heart 
with coronary vessels receive a large amount of 
radiation dose in left-sided breast RT. A large number 
of reputed journals have recently reported on the 
increasing rate of coronary contingency and cardiac 
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mortality as a result of cardiac radiation dose received 
in the left breast irradiation [15–17].    

In order to reduce the dose to normal organs as 
low as possible, many modern techniques have been 
developed with the aim to increase conformity and 
homogeneity of dose to the tumor and simultaneously 
sparing the organs at risk [18–21]. Many literatures 
have been reported that post-operative radiotherapy 
(PORT) significantly reduces the rate of local 
recurrence and improve the long-term survival rate 
on the cost of morbidity of heart and ispi-lateral lung 
[22-25]. In left breast RT, heart is one of the most 
important organs which remains at risk, and causes 
the rise of contingency of cardiac mortality [26, 27]. It 
has been estimated that the rate ratio (RR) of cardiac 
mortality increased by 0.04 per gray (Gy) mean heart 
dose (MHD) in modern breast RT [28].  

A case-control study for females who underwent 
breast irradiation in between 1958 and 2001 found 
that the rate of cardiac exigency has increased linearly 
with MHD by 7.4% per Gy, though heart doses were 
evaluated retrospectively. In contrary, more recent 
studies reported that the absolute cardiac risk after 
left breast RT has been decreased by using modern 
techniques, as well as the rate of radiation induced 
pneumonitis and pulmonary fibrosis are reported still 
low even regional lymph node-RT is performed [29-
32]. The IMRT technique has been generally used for 
the treatment of various sites with a good sparing 
effect of normal tissues and more homogeneous dose 
distributions. IMRT is a new modality for whole breast 
irradiation and it is used to improve conformity and 
homogeneity of the targets as well as to reduce OAR 
doses.  Many studies concluded that the differences 
between IMRT plans with increased number of fields 
were not statistically significant [33], however it 
significantly improves conformity index (CI) and 
homogeneity index (HI) of the plans. Moreover, it 
reduces high-dose volume of heart and lung. The 
demerit of IMRT is that the opposite lung also receives 
a small amount of dose and increases the low-dose 
volume of the heart as well. On the other hand, IMRT 
increases dose homogeneity inside the breast PTV and 
reduces the heart’s high-dose volume. In order to 
compare minutely the IMRT delivery protocols and to 
study the impacts of increasing number of IMRT 
beams on heart dose-distribution, we have planned to 
take additional data for  heart’s dose-distribution like 
dose to 33% volume (D33%), dose to 50% volume 
(D50%), dose to 67% volume ( D67%), and dose to 
100% volume ( D100%). These data are clinically 
significant while analyzing the treatment plans for the 
left-sided breast. 

Objectives: The main objective of this study was to 
assess the impacts of increasing number of IMRT 
beams on cardiac dose-distribution in left-sided 
breast RT so that we can reduce the MHD up to 
clinically acceptable level. 

 

Materials and Methods 
Patients, target delineation and treatment planning 

For this study, 107 patients were selected 
retrospectively with age ranging from 31 to 82 years 
with median age 57-years, diagnosed with left-sided 
breast cancer (including lobular and ductal carcinoma in 
situ) in our institution between June 15, 2019 and May 
20, 2021. In this study,female patients aged 45-62 years 
at diagnosis, lobular and ductal/lobular carcinoma were 
diagnosed with stage II/III. It was observed that 
comedo, tubular, mucinous, and medullary carcinomas 
were less likely to find at an advanced stage. The 
histology of the breast- cancer patients under this study 
were differed in their grades point and clinical 
presentations.   

Out of 107 patients, 52 patients were of chest wall 
(CW) irradiation including supra-clavicular fossa (SCF), 
while 22 patients were of breast-conserving surgery 
(BCS) excluding SCF and the internal mammary lymph 
nodes (IMLN).  There were 33 patients with treatment 
of CW irradiation including IMLN and SCF. Exclusion 
criteria were the previous history of left-sided breast RT, 
uncommon fractionated dose delivered in the past, sign 
of palliative RT, partial breast RT and documented 
refusal of data collection for this study. The CT 
simulation was done for each patient in supine position 
with both arms positioned above the head, and a copper 
wire placed around the breast tissues just for marking 
purposes and getting help while contouring the planning 
target volume (PTV). Spiral CT images were taken from 
neck to lower border of diaphragm and then 
reconstructed for 1.5 mm slice thickness. PTV and 
organs at risk (OAR) such as heart, right breast; ipsi- 
and contra-lateral lungs were contoured according to 
Radiation Therapy Oncology Group (RTOG) guidelines 
[34, 35].  

All patients were treated in supine position with both 
arms above the head. Portal dosimetry was performed 
for each plan that clinically finalized and accepted for 
treatment before executing over the patient. The 
treatment techniques used here for generating plans 
were 7-beam IMRT (7-bIMRT), 9-beam IMRT            
(9-bIMRT) and 11-beam IMRT (11-bIMRT) with only 
6MV photon. In case of regional lymph nodes (LN) 
irradiation, regions were recorded separately as 
axillaries, supra-clavicular and internal mammary nodes 
(IMN), with axillaries and supra-clavicular LN typically 
delineated up to levels 1–3 and level-4 respectively as 
per ESTRO consensus guideline, while IMN was 
extending caudally to the 4-5th rib [36]. For each 
patient, radiation doses of heart, lungs and opposite 
breast were recorded from RT plans. 

 In this study, 51 patients were treated with 11- 
bIMRT, 37 patients with 9-bIMRT, and 19 patients with 
7-bIMRT. Portal dosimetry was done for all plans 
before executing the treatment. For this study, three 
different IMRT plans were created separately by our 
medical physicist’s team for each patient using 7, 9 and 
11 beams. The eclipse planning system, version 11.0 
(Varian Medical System, Palo, USA) was used to 
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generate the plans. The beam angle of each modality is 
tabulated in (Table 1). Collimator angle was ‘0’ degree 
in all plans. Beam isocenter was placed at a distance of 

2.0-3.5 cm from the skin; the distance of the heart from 
the beam’s isocenter and breast-PTV curvature are 
displayed in Fig.1 for a typical plan. 

 
                                                                Table 1. Gantry angle (in degree) in each treatment modality 
 

6MV photon 

Beam No. 7-bIMRT 9-bIMRT 11-bIMRT 

B1 0-5 0-5 0-5 

B2 25 25-30 25 

B3 75-80 80 60 

B4 110 105 90 

B5 130 120 115 

B6 320 130 135 

B7 300-305 300-305 150 

B8 … 320 305 

B9 … 355 325 

B10 … … 340 

B11 … … 350-355 

 

 
 
Figure 1. Displaying the position of the beam’s isocentre, curvature of PTV, the distance of heart from the isocenter , and the distance of  isocentre 
from the skin in a typical  treatment plan 
 
          Table 2. Details of maximum, minimum and mean value of  D95%(Gy),Global maximum-dose , CI and HI for left-sided breast PTV 
 

Left Breast-PTV 

D95%(Gy) Global max dose (%) 

  7-Beam 9-Beam 11-Beam   7-Beam 9-Beam 11-Beam 

Max 38.62 39.24 39.58 Max 117.20 115.10 119.70 

Min 37.07 38.06 38.04 Min 108.60 106.40 108.40 

Mean  38.06 38.57 38.78 Mean  111.98 112.05 112.52 

HI  CI 

  7-Beam 9-Beam 11-Beam   7-Beam 9-Beam 11-Beam 

Max 1.23 1.18 1.15 Max 1.08 1.06 1.05 

Min 1.13 1.11 1.08 Min 0.93 0.95 0.97 

Mean  1.16 1.14 1.12 Mean  1.04 1.03 1.01 

  
Mean dose (Gy) 

  

  
  7-Beam 9-Beam 11-Beam 

  

  
Max 43.62 42.08 42.27 

  

  
Min 39.92 40.07 40.33 

  

  
ρ 40.67 40.73 40.84 

      Max= Maximum, Min= Minimum, ρ= Mean of mean doses 

         CI= Conformity index, HI= Homogeneity index 
   



     Mohammad Shahanawaj Ansari, et al.                                                                                                                   Analysis of Cardiac Dose-Distribution 
  

Iran J Med Phys, Vol. 19, No. 3, May 2022                                                                                           148 

Dose Reporting 
Prescribed dose (PD) was 40.05 Gy in 15 fractions 

(2.67Gy/ fraction) for each patient. Each plan was 
optimized for achieving 95-100% dose coverage just to 
envelope the whole target. Inverse planning 
optimization was used for generating the plans in each 
technique. There was no specific reference constraint to 
any organs at risk in any case. We referred to 
QUANTEC-guidelines for dose constraints of OARs 
[37], and used almost uniform dose constraints in every 
plan optimization and did very minor adjustments in the 
priority of OARs and PTV during the process of 
optimization. All plans were analyzed first for the 
target’s dose coverage using the parameters D95% , mean 
dose , maximum dose, HI and CI , as tabulated in  
(Table 2). The index parameters like CI and HI were 
calculated as per RTOG definition. 

For analyzing the cardiac dose-distribution and 
comparing these three IMRT delivery protocols , 10  
parameters such as V5Gy, V25Gy, V30Gy, D33%, D50%, D67%, 
D100%, D5cc, D10cc and MHD based on the literatures 
[38,39] were calculated as well as analyzed, and data of 
these parameters after optimization were tabulated in 
(Table 3). Monitor Units (MU) were also recorded, 
ranging from 1200 to 2100. 

For evaluating the heart’s low-dose volume, 5Gy 
dose was taken into consideration as the minimum dose 
and PTV dose- distribution was analyzed at 95% of the 
prescribed dose, as displayed in Fig.2.                             

The mean doses of right-breast, ipsi-and contra-
lateral lungs were taken as another analyzing 
parameters, as well as mean of mean doses (ρ) were also 
evaluated just for ease of comparing the data; and the 
findings are tabulated in (Table 4).  

 
Table 3. Analytical details of the heart’s dose-distribution (max., min., mean value) in terms of different parameters used for this study in left-sided 
breast irradiation 

 

V5Gy(cc) V25Gy(cc) 

7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 

Max. value 485.86 539.60 488.92 41.73 37.41 29.06 

Min. value 146.30 156.20 141.32 0.77 0.34 0.29 

Mean value 298.36 300.79 291.01 19.00 17.20 14.52 

 

V30Gy(cc) D50%(Gy) 

7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 

Max.value 29.97 17.82 17.90 7.96 8.16 8.25 

Min. value 0.03 0.05 0.02 4.10 4.20 4.08 

Mean value 8.76 8.19 6.11 5.55 5.59 5.53 

 

D67%(Gy) D100%(Gy) 

7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 

Max. value 6.28 6.57 6.62 3.30 3.31 3.14 

Min. value 3.30 3.27 3.26 1.10 0.63 0.36 

Mean value 4.58 4.61 4.63 1.85 1.82 1.70 

 

D33%(Gy) D5cc(Gy) 

7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 

Max. value 10.05 10.76 10.02 36.20 36.61 35.86 

Min. value 4.76 5.02 4.33 21.00 19.34 10.04 

Mean value 6.99 7.01 6.45 30.68 30.73 25.63 

 

D10cc(Gy) Mean Dose(Gy) 

7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 

Max. value 32.68 34.08 32.87 8.51 7.81 6.53 

Min. value 14.67 14.80 12.32 4.72 4.82 3.78 

Mean value 27.61 27.42 23.55 6.74 6.61 4.92 

 
                                                          Max: Maximum, Min: Minimum, α = Mean of mean doses 

 
 
 

                                                        Table 4. Details of mean-dose of contra-lateral breast,ipsi-and contra-lateral lungs 

 

Contra-lateral lung Contra-lateral breast Ipsi-lateral lung 

Mean Dose(Gy) Mean Dose(Gy) Mean Dose(Gy) 

  7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 7-Beam 9-Beam 11-Beam 

Max 2.40 2.43 2.42 2.78 2.73 2.65 17.03 16.86 16.57 

Min 0.93 0.83 0.84 1.40 1.26 1.20 9.33 8.83 8.31 

ρ 1.30 1.35 1.40 2.11 1.57 1.41 12.87 12.62 11.21 
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Figure 2.Displaying the dose-distribution (95% of  PD) along with DVH  in left-sided breast PTV for  each treatment protocol. 

 

Statistical analysis was performed using one-way 
ANOVA-test at confidence level of 95% for inter-
comparison of these three treatment techniques, and 
findings are tabulated in (Table 5). The p-value < 0.05 
was considered for analyzing the data, and to test the 
significance of differences. We used one-way ANOVA-
test along with normality-test for comparing the results 
of these three different IMRT treatment protocols which 
show major differences in MHD, V30Gy and D10cc of the 
heart. 
 
Table 5. One-way ANOVA -test results for different parameters of 
cardiac dose-distribution at the confidence level of 95%. 
 

α = 0.05 

Parameters P-Values 

mean dose 0.031 

V5Gy(cc) 0.862 

V25Gy(cc) 0.365 

V30Gy(cc) 0.024 

D33% (Gy) 0.595 

D50% (Gy) 0.748 

D67%(Gy) 0.779 

D100%(Gy) 0.808 

D5cc(Gy) 0.385 

D10cc(Gy) 0.043 

 
 
 
 

Results 
Heart dose analysis 

 V5Gy(cc): This was the low-dose volume of this study 

in which 11-bIMRT technique yielded better result as 

compared to 9- and 7-bIMRT. Maximum and minimum 

values of V5 were found 539.60cc in 9-bIMRT and 

141.32cc in 11-bIMRT techniques respectively. Mean 

value of V5Gy was also observed lowest in 11-bIMRT 

techniques, 291.01cc. No significant differences were 

observed among these three IMRT delivery techniques 

from the V5Gy point of view. 

V25Gy (cc): The mean value of V25Gy in 7-bIMRT, 9-

bIMRT and 11-bIMRT were observed    19.00 cc, 17.20cc 

and 14.52cc respectively. The volume of 3-5cc was spared 

in 11-bIMRT technique as compared to others. The 

maximum value of V25Gy was found 41.73cc in 7-bIMRT 

technique, while the lowest value was 0.29cc in 11-

bIMRT. The IMRT technique with 11 beams showed 

comparatively better results on this parameter as well as the 

technique reduced 3-5cc volume of V25Gy. 

V30Gy (cc): This was the high-dose volume of our study, 

andfor this parameter 11-bIMRT technique produced 

significantly better outcomes. Maximum, minimum and 

mean value of V30Gy were found 17.9(cc), 0.02(cc) and 

6.11(cc) respectively in 11-bIMRT technique.  The heart’s 

volume          2.10-2.65cc was spared in 11-bIMRT as 

compared to 7-beam and 9-beam techniques. Maximum 
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value of V30Gy was 29.97cc found in 7-bIMRT while 

minimum value was 0.02cc in 11-bIMRT technique. 

D33%, D50%, D67% and D100% (Gy): The minor 

differences were observed among 7-bIMRT,        9-bIMRT 

and 11-bIMRT techniques. Maximum, minimum and mean 

values of these parameters are found almost equal in all 

these treatment modalities. In terms of D33%,IMRT 

technique with 11 beams showed a minor advantage over 

7-bIMRT and 9-bIMRT. The maximum, minimum and 

mean values of D33% were found 10.02Gy, 4.33Gy, and 

6.45Gy respectively in these treatment modalities. The 

maximum, minimum and mean value of D100% were 

observed 3.14 Gy, 0.36 Gy and 1.70 Gy respectively in 11-

bIMRT. All these three IMRT techniques produced no 

remarkable differences in terms of D50% and D67% ,but slight 

differences were observed in D33% and D100% . 

D5cc (Gy):  A significant difference was observed in 

mean dose of D5cc parameter. In 11-bIMRT technique, the 

mean value of D5cc was found 25.63 Gy which was the 

lowest among all these three treatment modalities. The 

maximum value of mean of D5cc was 30.73 Gy found in 9-

bIMRT. The minimum values of D5cc parameter in 7-, 9- 

and 11-bIMRT techniques were recorded as 21.00 Gy, 

19.34 Gy and 10.04Gy respectively. Minor differences 

were observed in the maximum value of D5cc parameter 

among all these three treatment modalities.  In 11-bIMRT 

technique, minimum value of D5cc parameter was found 

less by 9-11Gy as compared to 7- and 9-bIMRT 

techniques. The difference of 11-bIMRT with the next 

greater value for minimum and mean values are 48% and 

16%, respectively. Thus, 11-bIMRT technique showed 

slightly good results in terms of the minimum and mean-

value of D5cc parameter. 

D10cc (Gy) :There was a significant difference observed 

in the mean value of this parameter.           The 11-bIMRT 

technique reduced the mean dose by 17% and the 

minimum dose by 19% as compared to others IMRT 

modalities. The mean values observed here were 27.61 Gy, 

27.42 Gy, and 23.55 Gy in 7-, 9- and 11-bIMRT 

techniques respectively. The maximum value was 34.08 

Gy found in 9-bIMRT technique. The minimum value was 

found 12.32 Gy in 11-bIMRT which was the lowest among 

all these three IMRT techniques. Thus, 11-bIMRT showed 

a major advantage over 7- and 9-bIMRT techniques in 

terms of D10cc parameter. 

Mean dose (Gy): Maximum value of the mean dose 

was found 8.51Gy in 7-bIMRT while it was 6.53Gy in 11-

bIMRT technique. Mean of mean doses were 6.74 Gy, 6.61 

Gy and 4.92 Gy found in 7-, 9-and 11-bIMRT techniques 

respectively. The minimum value of mean dose was 

3.78Gy recorded in 11-bIMRT technique. The compelling 

advantages were observed in 11-bIMRT, that reduced  the 

mean of mean doses by 37.0% ,  the maximum value of 

mean dose by 30.0% and minimum value of mean dose by 

27.5% as compared to 7- and 9-bIMRT techniques. 

 

 

 

Ipsi-lateral lung 

Maximum value of the mean dose was 17.03 Gy found 

in 7-bIMRT while the minimum value was 8.31 Gy in 11-

bIMRT technique. The value of ρ was 11.21 Gy found the 

lowest in 11-bIMRT technique. In 7-and 9-bIMRT 

techniques, the value of ρ was found 12.87 Gy and 12.62 

Gy respectively. The mean of the irradiated volume of 

V20ccin 11-bIMRT technique was observed less by 17.00cc 

as compared to others. Thus, 11-bIMRT technique yielded 

comparatively better outcomes in terms of V20cc. Maximum 

values were found almost the same in these three treatment 

techniques, but the value of ρ was recorded less by 14.80% 

in  11-bIMRT as compared to 7-bIMRT techniques , and 

less by 12.60% as compared to 9-bIMRT. Thus, 11-bIMRT 

showed a better performance in terms of reducing the mean 

dose of  ipsi-lateral lung. 

 

Contra-lateral breast 

Maximum and minimum values of mean dose were 

2.78Gy and 1.20Gy found in 7- and 11-bIMRT techniques 

respectively. The lowest value of mean of mean doses was 

1.41Gy found in 11-bIMRT technique. In 7- and 9-bIMRT 

techniques, the values of ρ were recorded as 2.11Gy and 

1.57 Gy respectively. There was no significant difference 

observed in the maximum value of the mean dose among 

these three techniques. 

 

Contra-lateral lung 

The lowest value of the minimum mean doses was 0.83 

Gy found in 9-bIMRT while the maximum was 2.42 Gy in 

11-bIMRT technique. The lowest value of ρ was 1.30 Gy 

observed in 7-bIMRT technique. In 9-and 11-bIMRT 

techniques, the values of ρ were found 1.35 Gy and 1.40Gy 

respectively. In terms of ρ of the contra-lateral lung, 7-

bIMRT performed slightly better as compared to 9-and 11-

bIMRT techniques. 
 

Discussion 
The study was designed to analyze the heart’s dose 

distribution in left-sided breast RT accounting the 
increased number of IMRT beams, and how to improve 
the quality of IMRT plans using suitable number of 
beams. Our medical physicist team went through a 
number of studies on randomized controlled trials about 
IMRT in conservatively resected breast carcinoma. 
Some of these studies reported advantages in patients 
treated by IMRT modality with 4-7 beams mainly in 
terms of normal tissue sparing effect, toxicity and 
cosmesis [40–46]. This is well known fact that 
cardiovascular complications may appear over a period 
of time after irradiation and may cause death. Various 
studies reported about the risk of subsequent ischemic 
events which is proportional to MHD [47-49].  

Normally, breast cancer survivors who undergo 
radiation therapy have a risk of long-term cardiac 
complications. Cardiac vascular damage in older women 
is a severe mortality threat than breast cancer itself [50]. 
In this study, significant differences were observed in 
cardiac dose distribution among three IMRT techniques, 
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particularly in MHD. The IMRT technique with 11 
beams yielded comparatively better outcomes in terms 
of reducing V25Gy, V30Gy and MHD doses.  Many authors 
have shown the significant dosimetric advantages with 
lower dose to the heart, lungs and contra-lateral breast 
following deep inspiration breath-hold position (DIBH) 
irradiation in left reconstructed chest wall and regional 
nodes [51]. But, treatment with DIBH modality is a very 
cumbersome job and needs very advanced technique 
with very high cost. Moreover, patient needs to be 
coached for breath hold, and breathe through the nose 
during entire course of treatment. In contrast, IMRT is a 
free breath modality and comfortable for the patients. In 
11-bIMRT modality heart’s high-dose volume was 
found less than others. MHD was also reported 
significantly less in 11-bIMRT as compared to 7-and 9-
bIMRT techniques. Significant differences were 
observed in D5cc and D10cc among these three IMRT 
techniques, while differences were observed in the mean 
dose of opposite breast and contra-lateral lung. The 
target’s dose coverage was found almost the same in 
these techniques. 

 When we increase the number of beams, the TPS 
has more degree of freedom to deliver the dose to 
targets in a defined manner. But the problem is that it 
(11-bIMRT) consumes more time as compared to others 
in the treatment which may cause discomfort to the 
patients. However,      11-bIMRT technique reduces 
MHD up to clinically acceptable levels equivalent to 
deep inspirational breath hold (DIBH). 

The dose conformity to the target volume, 
accompanied by a higher number of beams, is often at 
the cost of slightly increased low-dose exposure to 
normal tissues surrounding the tumor. This may cause 
higher risk for the induction of second malignancies, 
and raise a question about using newer advanced 
treatment modalities [52]. Our study showed that heart’s 
higher-dose volume largely spared and received 2-5Gy 
less dose in 11-bIMRT as compared to others.  But on 
the other hand, it slightly increases cardiac low-dose 
volume which might be clinically not acceptable 
depending upon clinical condition of the patient. When 
we tried to reduce the heart’s mean dose <4Gy in 11-
bIMRT plan, the global maximum dose was increased 
up to 119.7% and consequently the dose-heterogeneity 
in PTV was also increased. IMRT with 11 beams 
produced significantly good results in terms of reducing 
the dose to cardiac volume V25Gy and V30Gy. The 
patient’s treatment time (dose delivery only) was 
recorded 6-10 minutes depending upon the number of 
MUs. The 11-bIMRT treatment modality remarkably 
reduced cardiac doses D5cc and D10cc while irradiating 
left-sided CW along with IMLN. It was noticed that 
increasing the number of beams in IMRT technique 
yielded significant advantages in reducing high-dose 
volume of the heart and enhanced the dose homogeneity 
in left breast-PTV. The technique of 7-bIMRT yielded 
slightly better results in case of contra-lateral lung dose. 
But, 11-bIMRT technique showed a good performance 
in reducing ipsilateral lung dose. The 11-bIMRT 

showed good results that reduced heart’s mean of mean 
doses by 36.99% and it also reduced the mean dose of 
D10cc by 17-19%.  In this study, the heart’s mean of 
mean-doses were analyzed for comparing and 
evaluating the data in an easy way so that a concrete 
conclusion can be extracted related to heart’s dose 
distribution. We have studied the dose volume of 33%, 
50%, 67% and 100% of the heart which are clinically 
significant parameters at the time of plan analysis. For 
analyzing the data minutely, we included the small 
volume -dose like D5cc and D10cc as they are clinically 
significant volumes that evaluate the heart’s ventricle 
doses responsible for cardiac contingency in long-term 
survival. In addition to this, we collected the data for 
opposite breast and opposite lung for studying the 
spillage of doses in IMRT techniques. The study 
reported that 11-bIMRT performed well in terms of 
reducing the gross cardiac dose, especially when IMLN 
has to be treated along with CW. For studying dose 
conformity and homogeneity of breast-PTV, CI and HI 
were also included in data mining. In 11-bIMRT, the 
mean values of CI and HI were 1.01 and 1.12 
respectively, indicating that 11-bIMRT technique 
provided a better target-coverage. The dose of D95% was 
found almost same in all three techniques. The 
maximum value of global maximum dose was 119.70% 
found in 11-bIMRT while the lowest was 115.10% in     
9-bIMRT. 

 

Conclusion 
Nowadays, IMRT technique is evolving as a 

fascinating treatment modality in left-sided breast 
irradiation. The performance of 11-bIMRT technique is 
better in terms of reducing heart’s high-dose volume as 
well as MHD. The study revealed that increasing the 
number of IMRT beams has reduced the heart’s high-
dose volume and improved the quality of treatment 
plans. Further, more studies are needed to investigate 
the impacts of increasing the number of IMRT beams on 
the heart’s dose distribution using more than 11 IMRT 
beams. However, it is judicious to use 11-bIMRT 
technique in left-sided breast RT as it produces 
clinically acceptable doses of MHD, V25Gy, V30Gy and 
D10cc.  
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