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Introduction

The incidence of synchronous bilateral breast 
cancer (SBBC) is about 2.1% of all breast cancer 
patients [1]. Surgery, chemotherapy and radio-
therapy are the choice to treat the breast cancer. 

Radiotherapy planning of synchronous bilater-
al breast cancer is complex due to concavity of 
planning target volume (PTV), time consuming 
in planning and difficult to reduce the dose to 
the common lung, heart and higher scatter in the 
wider treatment volume [2]. The treatment goal 

Abstract

Background: The present study was to investigate the usefulness of deep inspiration breath hold (DIBH) in bilateral breast 
patients using 6MV flattened beam (FB) and flattening filter free beam (FFFB).

Materials and methods: Twenty bilateral breast cancer patients were simulated, using left breast patients treated with DIBH 
technique. CT scans were performed in the normal breathing (NB) and DIBH method. Three-dimensional conformal radio-
therapy (3DCRT) and volumetric arc therapy (VMAT) plans were generated. 

Results: In our study the best organ at risk (OAR) sparing is achieved in the 3DCRT DIBH plan with adequate PTV coverage (V95 
≥ 47.5 Gy) as compared to 6MV FB and FFFB VMAT DIBH plans. The DIBH scan plan reduces the heart mean dose significantly at 
the rate of 49% in 3DCRT (p = 0.00) and 22% in VMAT (p = 0.010). Similarly, the DIBH scan plan produces lesser common lung 
mean dose of 18% in 3DCRT (p = 0.011) and 8% in VMAT (0.007) as compared to the NB scan. The conformity index is much 
better in VMAT FB (1.04 ± 0.04 vs. 1.04 ± 0.05), p =1.00 and VMAT FFFB (1.04 ± 0.05 vs. 1 ± 0.24, p = 0.345) plans as compared to 
3DCRT (1.63 ± 0.2 vs. 1.47 ± 0.28, p = 0.002). The homogeneity index of all the plans is less than 0.15. The global dmax is more 
in VMAT FFFB DIBH plan (113.7%). The maximum MU noted in the NB scan plan (478 vs. 477MU, 1366 vs. 1299 MU and 1853 vs. 
1788 MU for 3DCRT, VMAT FB and VMAT FFFB technique as compared to DIBH scan. 

Conclusion: We recommend that the use of DIBH techniques for bilateral breast cancer patients significantly reduces the 
radiation doses to OARs in both 3DCRT and VMAT plans. 
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of radiotherapy planning is to protect normal 
tissue and to deliver prescription dose uniformly 
throughout the target. Practically, in breast plan-
ning the entrance and exit beams pass through 
the lung, heart and liver, which is totally unavoid-
able in all the treatment techniques like three-di-
mensional conformal radiotherapy (3DCRT), 
intensity modulated radiotherapy (IMRT) and 
volumetric arc therapy (VMAT). The use of tra-
ditional tangential beam arrangement (3DCRT) 
has some drawbacks, such as inhomogeneous 
dose distribution, hot spot, inadequate PTV cov-
erage, difficulty in OAR sparing and high dose 
volume near the heart and lungs [3]. The use 
of the VMAT technique is increased nowadays 
in all treatment sites due to the clinically ac-
ceptable target coverage and OAR sparing [4]. 
VMAT plan will generate the highly conformal, 
homogenous dose distribution inside the PTV 
and spare the adjacent OARs by simultaneous 
modulation of dose rate, gantry and multi-leaf 
collimator speed [5]. 

To reduce cardiac and lung toxicity [6, 7], the 
breath hold technique is needed. The application 
of the DIBH technique in left breast patients [8, 9] 
will displace the heart from the inner chest wall 
and total lung volume increased due to air filling 
the lungs. Parkes et al. [10, 11] reported that the 
organ movement during breathing affects image 
quality in diagnostic procedure and also radia-
tion delivery. To reduce the organ movement, the 
breath hold technique is implemented with the 
help of a mechanical ventilator. This technique will 
increase the oxygen level in the lungs and remove 
carbon dioxide and will enable a safe prolonged 
breath-holds in a single session in the DIBH tech-
nique at duration of 5 minutes.

The development in technology will help to man-
ufacture the advanced treatment devices and treat-
ment technique. Recently the Varian True beam 
linear accelerator capable to deliver the flattened 
beam and flattening filter-free beam. The FFF beam 
has several advantages like increased dose rate, re-
duced the head scatter, lesser beam ON time and 
reduced out of field dose as compared to flattened 
beam [12].

DIBH technique is used mostly in left breast can-
cer patients and rarely in right breast cancer pa-
tients. The planning study of the DIBH techniques 
in bilateral breast patients is not available to the 

best of our knowledge. The aim of the study was 
to analyse the advantage of the DIBH technique in 
comparison to normal breathing in bilateral breast 
cancer patients using the 6MV FB and FFFB. 

Materials and methods

In this study twenty early stage left breast BCS 
(breast conservation surgery) patients in the 
age group of 35–45 were selected randomly, for 
simulating the patients for synchronous bilateral 
breast cancer analysis. Patients were immobilized 
on the breast board in a supine position with the 
arms over the head. The CT scan was performed 
in NB and DIBH. To maintain the breathing pat-
tern, adequate breath hold training was given 
to the patients. The DIBH scan is acquired with 
breathing instruction given from console and the 
breathing pattern is recorded using Varian real 
time position management system. The gating 
window for all the patients depends upon the 
inspiration capacity.

The CT slice thickness was acquired at 3mm in-
tervals. The PTV and OARs, such as the common 
lungs, heart, liver and spinal cord were contoured in 
respective CT slices based on the Radiation Thera-
py Oncology Group atlas. Clinical target volume 
(CTV) consists of bilateral breasts and expanded 
5mm in all directions (except towards the body) to 
form the planning target volume (PTV).

The prescribed dose was 50 Gy in 25 frac-
tions. The planning goal is to cover ≥ 95% of PTV 
to ≥ 95% of the prescription dose (≥ 47.5 Gy). The 
OAR dose constraints were the heart V25 Gy ≤ 10%, 
common lung V20 Gy ≤ 30%, and the dose to the 
other volumes (V5 Gy to V40 Gy) are as low as reason-
able to achieve. 

The whole patient treatment planning was per-
formed in the Varian eclipse treatment planning 
system (Ver.11.0) using a true beam linear accel-
erator equiped with a millennium multileaf col-
limator (MLC). The selected beam energy is 6 MV 
FB (dose rate: 600 MU/min) and 6MV FFF beam 
(dose rate: 1400 MU/min). Totally, 6 plans were 
generated for each patient. Three plans — 6MV 
FB 3DCRT (NB), 6MV FB VMAT (NB) and 6MV 
FFFB VMAT (NB) — in free breathing CT scan 
and three plans — 6MV FB 3DCRT (DIBH), 6MV 
FB VMAT (DIBH) and 6MV FFFB VMAT (DIBH) 
were generated on DIBH scans.
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Single isocenter is used in VMAT and two iso-
centers for 3DCRT planning. Field in filed 3DCRT 
plans consist of two tangential beams placed on the 
left breast [52° ± 5° for medial tangent (MT) and 
120° ± 5° for lateral tangent (LT)] and, similarly, for 
the right breast (300° ± 5° for MT and 220° ± 5° for 
LT). In our study the field in field technique is used 
in 3DCRT planning to get optimized desired dose 
distribution and will help to minimize the breath 
hold time in comparison to wedge planning. In 
VMAT planning, four partial arcs were placed: two 
arcs for the left breast (300°–120°) and two arcs 
for the right breast (60°–220°). Beam placement of 
3DCRT (left) and VMAT planning (right) is shown 
in Figure 1.

Dose calculation was performed on an anisotro-
pic analytical algorithm (AAA) and the calculation 
gird size was 2.5 × 2.5 mm2. The statistical analyses 
between the groups were carried out. Paired sam-
ple-t test was performed using the Statistical Pack-
age for the Social Sciences (SPSS) version 20 (SPSS 
Inc., USA). The p value of ≤ 0.05 was considered as 
statistically significant.

Conformity index (CI), homogeneity index (HI) 
[13], low gradient index (LGI) and high-gradient 
index (HGI) of all plans were calculated using the 
below formula 1 to 4. To evaluate dose homogeneity 
in the planning target volume (PTV), homogeneity 
index is used. 

𝐶𝐶𝐶𝐶 𝐶 𝑉𝑉𝑉𝑉𝑉 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

 

𝐻𝐻𝐻𝐻𝐻  𝐷𝐷𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷
𝐷𝐷𝐷𝐷𝐷  

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

     (1)

Conformity index is the ratio of volume of 95% 
isodose line divided by PTV volume, which is used 
to evaluate the coverage criteria of the prescribed 
dose for the plans. The CI = 1 indicate good con-
formity. 𝐶𝐶𝐶𝐶 𝐶 𝑉𝑉𝑉𝑉𝑉 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
 

𝐻𝐻𝐻𝐻𝐻  𝐷𝐷𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷
𝐷𝐷𝐷𝐷𝐷  

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

     (2)

where D98%, D50%, and D2% were dose received by 
98%, 50%, and 2% PTV, respectively [9]. HI = 0 
represents the homogeneous dose distribution in 
the PTV. 

Low and high gradient indices were calculated 
using the following formula [14].

𝐶𝐶𝐶𝐶 𝐶 𝑉𝑉𝑉𝑉𝑉 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

 

𝐻𝐻𝐻𝐻𝐻  𝐷𝐷𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷
𝐷𝐷𝐷𝐷𝐷  

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

     (3)

𝐶𝐶𝐶𝐶 𝐶 𝑉𝑉𝑉𝑉𝑉 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

 

𝐻𝐻𝐻𝐻𝐻  𝐷𝐷𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷
𝐷𝐷𝐷𝐷𝐷  

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐿 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉      (4)

Where V25%, V50%, &V90% were volumes receiving 
25%, 50%, and 90% of the prescription isodose dose 
(PID), respectively. 

To evaluate the dose received by the OAR’s, the 
following parameters were noted: for the common 
lung, V5 Gy, V10 Gy, V15 Gy, V20 Gy, V30 Gy, V40Gy and mean 
dose; for the heart V5 Gy, V10 Gy, V15 Gy, V20 Gy, V25 Gy,V30 

Gy, V40 Gy and mean dose. The mean dose of the liver 
and spinal cord Dmax were also noted as were the 
body–PTV mean dose, low dose volume of V1 Gy, V2 

Gy, V3 Gy, V4 Gy, V5 Gy, V10 Gy, V20 Gy, V30 Gy, V40 Gy, V50 Gy and 
monitor units (MU).

Figure 1. Beam placement of three-dimensional conformal radiation therapy (3DCRT) (left) and volumetric modulated arc 
therapy (VMAT) planning (right).
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Results

The mean volume of PTV, common lung, heart 
and liver of all 20 patients were 1329 ± 396 cm3, 
1930 ± 349cm3, 490 ± 69 cm3 and 1342 ± 272 cm3 
[mean ± standard deviation (SD)] in the NB scan 
and 1281 ± 427 cm3, 3168 ± 931 cm3, 442 ± 73 cm3 
and 1207 ± 226 cm3 in the DIBH scan, respectively. 
Table  1 and Table  2 summarizes planning target 
volume and OAR dose comparison between free 
breathing and deep inspiration breath hold scans 
for the 3DCRT and VMAT plans. Table 3 repre-
sents the common lung physical properties for NB 
and DIBH scans. Figure 2 represents the transverse 
plane isodose distribution for one patient in all 
six plans. The DVH comparison between NB and 
DIBH scan for 6MV 3DCRT, 6MV FB VMAT and 
6MV FFFB VMAT plan is shown in Figures 3–5. 
Figure 6 represents the bar plot for the heart (V25Gy 
and Dmean) and common lung (V20Gy and Dmean) 
for NB versus DIBH scan. Figures 7–9 represents 
the dose fall off (1 Gy to 40 Gy) in the BODY — 
PTV region for NB and DIBH scan for the 3DCRT, 
FB VMAT and FFFB VMAT techniques.

PTV coverage, indexes, OAR sparing  
and MU for NB versus DIBH scans for 
3DCRT and 6MV FB/FFFB VMAT plans
In our study, in all the treatment plans, the 

PTV D95% was 47.5 Gy, as plans were normalized 
such that 95% of PTV covered 95% of the pre-
scription dose; however, the higher global Dmax 
was observed in the 6MV FFFB VMAT DIBH 
plan (113.7%, p = 0.556) as compared to the NB 
scan plans. Both NB and DIBH scans produce the 
best homogeneous plan in the 6MV FB and FFFB 
VMAT technique (HI ≤ 0.14, p ≤ 0.452) as com-
pared to 3DCRT (0.15, p = 0.808). Similarly, the 
highly conformal plan is generated in 6MV FFFB 
VMAT DIBH, the value is 1.00 ± 0.2 (p = 0.345) 
due to the modulation of VMAT beams. In the 
present study, the 6MV 3DCRT NB scan plans 
gives a poor conformity index, the value is ≤ 1.63 
(p = 0.002), as a 7 mm field margin around PTV is 
given in all the beams to obtain adequate coverage. 
The DIBH plans produce higher HGI and LGI in all 
the techniques; however, the 3DCRT plans produce 
lesser HGI (≤ 1.33) and LGI (≤ 1.20) as compared 
to VMAT (HGI ≤ 1.98, LGI ≤ 1.86) as 3DCRT 
plans have a minimum number of beams and beam 

passing through non-target PTV was lesser. The 
dosimetric advantage of the DIBH technique is ob-
served in sparing OARs , such as the heart, com-
mon lung and liver, the values were mentioned in 
Table 2.The DIBH plan spareed the heart V25 Gy, 

the values were 5.07 vs. 1.17% (p = 0.00), 2.27 vs. 
0.48% (p = 0.00) and 2.77% vs. 0.81% (p = 0.00) for 
3DCRT, FB VMAT and FFFB VMAT as compered 
to NB scan. Similarly, DIBH plan spared the heart 
Dmean, the value were 4.38 vs. 2.24 Gy (p = 0.00) 
for 3DCRT, 9.0 vs. 7.01 Gy (p = 0.010) for 6MV FB 
VMAT and 9.6 vs. 7.4Gy (p = 0.00) for 6MV FFFB 
VMAT, respectively. The heart V5 Gy, V10 Gy, V15 Gy, V20 

Gy, V25 Gy, V30 Gy, V40 Gy and Dmean value is 48–81% 
in 3DCRT, 25–100% in 6MV FB VMAT and in 
7.6–27.8% 6MV FFFB VMAT lower in DIBH scan 
as compared to FB scan.

The DIBH plan spared the common lung V20 Gy, 

the values were 16.19 vs. 12.48 % (p = 0.012) for 
3DCRT, 19.29 vs. 16.16% (p = 0.122) for 6MV FB 
VMAT and 20.41 ± 6.90 % vs. 18.46% (p = 0.251) 
for 6MV FFFB VMAT as compared to the NB scan. 
Similarly, DIBH spared the common lung Dmean, 
the values were 9.2 vs. 7.53 Gy (p = 0.011) for 
3DCRT. 13.85 vs. 12.74 (p=0.007) for 6MV FFFB 
VMAT and 14.26 vs. 13.03Gy (p = 0.005) for 6MV 
FFFB VMAT as compared to the NB scan, respec-
tively. The common lung V5 Gy, V10 Gy, V15 Gy, V20 Gy, V30 

Gy, V40 Gy and Dmean values were 10–27% in 3DCRT, 
7.6–27.8% in 6MV FB VMAT and 7.4–23.3% in 
6MV FFFB VMAT, lower in DIBH scan as com-
pared to FB scan. 

The DIBH scan reduced the liver mean dose 
about 42% in 3DCRT (2.29 vs. 1.33 Gy, p = 0.162), 
54% in 6MV FB VMAT, (6.37 vs. 2.93 Gy, p = 0.094) 
and 52% in 6MV FFFB VMAT (6.43 vs. 3.07, 
p = 0.092) as compared to the NB Scan.

In all the techniques, there is no significant p val-
ue noted when comparing NB vs. DIBH. No moni-
tor unit (MU) difference was observed in 3DCRT 
plans of NB and DIBH scans, the MU was 478 
(p = 0.817). In the case of 6MV FB VMAT the MU 
were 1366 for the NB scan and 1299 MU (p = 0.183) 
for the DIBH Scan. The MU for 6MV FFFB VMAT 
is 1853 for NB scan and 1788 (p = 0.335) for DIBH 
Scan.

The body V105%, body-PTV mean dose and out 
of field dose, i.e. normal tissue exposed to 1 Gy to 
40 Gy dose contribution is reduced in DIBH scan 
plans due to the lesser volume of the PTV (1329 cc 
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for the NB Scan and 1289 cc for DIBH), The graph 
is plotted between dose vs. volume as shown in 
Figures 7–9, from the plot as by increasing the dose 
the volume decreases gradually. This lesser volume 
of PTV in DIBH scan will reduce the patient scat-
ter and collimator scatter contribution. However, 
in our study, 3DCRT plans will reduce the low dose 
volume (1 Gy to 40 Gy) in the body-PTV region, 

Table 3. Hounsfield units (HUs) and electron density for 
the common lung for normal breathing (NB) and deep 
inspiration breath hold (DIBH) scan

Scan
Common lung  

[average ± standard deviation (SD)]

HU Electron density

NB scan 652 ± 168 0.355 ± 0.176

DIBH scan 794 ± 167 0.233 ± 0.160

Figure 2. Transverse plane isodose distribution for one patient in all six plans. A. Three-dimensional conformal radiation 
therapy (3DCRT) — normal breathing (NB); B. 6MV flattened beam (FB) volumetric modulated arc therapy (VMAT) — NB; 
C. 6MV VMAT flattening filter free beam (FFFB) — NB; D. 3DCRT — deep inspiration breath hold (DIBH); E. 6MV FB VMAT 
— DIBH; F. 6MV VMAT FFFB — DIBH

A B C

D E F

Figure 3. Planning target volume (PTV) and organ at risk (OAR’s) dose comparison for between normal breathing (NB) 
and deep inspiration breath hold (DIBH) scan for three-dimensional conformal radiation therapy (3DCRT) plan of one patient
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the reason was parallel opposed minimum number 
of tangential beams around the PTV as compared 
to VMAT (see beam placement in Fig. 1), the values 
were represented in Table 1.

Discussion

In our study DIBH scan plans spared the com-
mon lung, heart, liver, body-PTV mean dose and 
low dose volume in normal tissue is lower as com-
pared to NB scan plans. Kalef-ezra et al. [15] re-

ported that the electron density of the lung reflects 
the relative volumes of air, lung tissue, interstitial 
fluid and blood. However, the mean densities of 
the lung in women were 8% and 16% higher than 
in men in the whole lung and lung close to the 
chest wall. The mean CT number for women was 
–722 and for men, –746; the mean relative electron 
densities were 0.297 and 0.275 for women and men, 
respectively. Rotstelen et al. [16] reported that the 
relative electron density of the lung varied from the 
anterior to posterior direction, the anterior-latera1 

Figure 4. Planning target volume (PTV) and organ at risk (OAR’s) dose comparison between normal breathing (NB) 
and deep inspiration breath hold (DIBH) scan for 6MV volumetric modulated arc therapy (VMAT) flattened beam (FB) plan  
of one patient

Figure 5. Planning target volume (PTV) and organ at risk (OAR’s) dose comparison between normal breathing (NB) and deep 
inspiration breath hold (DIBH) scan for 6MV volumetric modulated arc therapy (VMAT) flattening filter free beam (FFFB) plan 
of one patient
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quarter of the lung is 0.17 and the whole lung is 
0.25. Fogliata et al. [17] reported that the mean HU 
and mean density (gcm-3) for the NB scan is –709 
HU and 0.27. In the case of DIBH scans, the value 
is –822 HU and 0.16, respectively. 

Oechsner et al. [18] reported that the appli-
cation of DIBH resulted in the left lung mean 
dose being reduced to 8.1 ± 1.6 Gy (DIBH) vs. 
10.0 ± 1.7 Gy (NB) and the left lung V20 Gy to 

18.9 ± 3.6% vs. 14.4 ± 3.3%. Similarly, heart 
mean dose decreased from 4.0 ± 1.9 Gy (NB) to 
1.7 ± 1.0 Gy (DIBH). Heart V20 Gy is 6.2 ± 4.2% vs. 
1.2 ± 1.0% and V40 (%) 3.6 ± 2.7% vs. 0.4 ± 0.9%. 
Significant changes in mean lung density were 
noted, 0.31 ± 0.05 g/cm3 for NB CT scan and 
0.17 ± 0.03 g/cm3 for DIBH scan. Due to the ex-
pansion of the lung in DIBH scan, the irradiated 
lung volumes were larger; however, the total rela-
tive irradiated lung volume was small. 

In our study, the common lung HU for NB and 
DIBH scans were 652HU and 794HU, respectively, 
and the corresponding electron densities were 0.355 
and 0.233, respectively. The changes are due to air 
filling in the common lung. The DIBH scan re-
duced the common lung mean dose and the values 
were 9.2 ± 3.43 Gy vs. 7.53 ± 2.56 Gy for 3DCRT, 
13.85 ± 1.82 Gy vs. 12.74 ± 1.61 Gy for VMAT FB 
and 14.26 ± 1.97 Gy vs. 13.03 ± 1.68 Gy for VMAT 
FFFB as compared to NB scan. Similarly, DIBH 
scan reduced the heart mean dose: 4.38 ± 1.30 Gy 
vs. 2.24 ± 1.06 Gy (for 3DCRT), 9.00 ± 2.05 Gy vs. 
7.01 ± 1.32 Gy (VMAT FB plan) and 9.6 ± 2.27 Gy 

vs. 7.42 ± 1.59 Gy for VMAT FFFB as compared to 
the NB scan.

Kim et al.[19] compared the 3DCRT, IMRT 
and VMAT treatment plans for 10 synchronous 
bilateral breast cancer (SBBC) patients. The MU 
of 3DCRT, IMRT and VMAT plans were 458 MU, 
1194 MU and 1205 MU, the delivery time was 55 
secs, 764 secs and 389 secs. The 3DCRT, IMRT and 
VMAT plans generated the liver mean doses of 4.66 
Gy, 5.83 Gy and 8.10 Gy, respectively. Similarly the 
heart mean doses were 8.18 Gy, 9.46Gy and 14.47 
Gy, respectively. In our study the NB scan plan gave 
the maximum MU, the values were 478 MU, 1366 
MU and 1853 MU in 3DCRT, VMAT FB and FFFB 
plans, respectively. The corresponding beam ON 
time was 0.8 min, 3.1 min and 2.8 min, respectively. 

In our study the VMAT FFFB needed 37% high-
er monitor units to achieve the plan goal; however, 
the FFF beam reduced the beam ON time by 10% 
in the FB scan plan and by 7% in the DIBH plan as 
compared to the VMAT FB plan. The reason being 
that the FFF beam profile is non-uniform, the dose 
is maximum at the center and decreases towards 
the periphery. The linear accelerator is calibrated 
(1 cGy = 1MU) at the central axis of the beam un-
der reference condition (10 × 10cm2 filed sized at 
dmax). The additional MU is required in the off axis 
part of the FFF beam to maintain the same dose 
away from the central axis. 

Yeona Cho et al. [20] studied the synchronous 
bilateral breast cancer (SBCC) of 15 patients, single 
isocenter was used for the whole PTV, and two 

Figure 9. Dose fall off (1 Gy to 40 Gy) in BODY — planning target volume (PTV) region normal breathing (NB) and deep 
inspiration breath hold (DIBH) for flattening filter free beam (FFFB) volumetric modulated arc therapy (VMAT) technique
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240° arcs placed in the clockwise and clockwise 
direction, the VMAT plans produced the common 
lung mean dose, V5 Gy, V10 Gy and V20 Gy of 14.4Gy, 
67.9%, 41.1% and 27.5%, respectively. The heart 
mean dose, V25 Gy, and V30 Gy were 13.2 Gy, 11.5% 
and 6.4%, respectively. The CI and HI were 1.5 and 
1.07. The treatment MU was 795 and beam on time 
was 115.3 secs. 

In our study the CI of 3DCRT (1.63) was high 
compared to VMAT (1.05) in both NB and DIBH 
scans. The NB scan of all plans gives more MU (478 
MU for 3DCRT, 1366 MU for VMAT FB and 1853 
MU for VMAT FFFB) and the beam ON times were 
0.8 min, 3.1 min and 2.8 minutes, respectively. In 
our earlier study [21] the VMAT plan of 6MV FB 
and FFF beam gave MU values of 1214 and 1638, 
the corresponding beam ON times were 3.0 min-
utes and 2.5 minutes, respectively. The heart mean 
dose was less than 10.8 Gy and V25 Gy was 10.8%. The 
common lung mean dose was less than 15.8 Gy and 
V20 Gy was 26.9%. 

Gagliardi et al. [22] reported that less than 1% of 
cardiac moralities occur 15 years after completion 
of radiotherapy, with the dose to the heart limited 
to V25 Gy < 10%. Sun et al. [23] reported that the 
single isocenter VMAT plan gave the common lung 
V5 Gy, V10 Gy, V20 Gy%, V30 Gy ,V40 Gy and mean dose of 
35%, 23.5% 15%, 10.3%, 7.4% and 8.95  Gy, respec-
tively. Similarly, heart mean dose, V5 Gy, V10 Gy, V20 Gy%, 
V30 Gy and V40 Gy were 4.85 Gy, 16.9%, 10.1%, 6.2%, 
3.8% and 1.7%, respectively. The liver mean dose 
was 4.04 Gy and treatment MU was 987. 

Gunel Haji et al. [24] compared in their study 
the NB vs. DIBH scan, in the right breast patients. 
The liver mean dose was reduced (5.59 ± 2.07 Gy vs. 
2.54 ± 1.40 Gy). Rice et al. [25] also reported that 
the DIBH method reduced the liver mean dose to 
2.6Gy in comparison to normal breath (4.8 Gy). 
Huang et al. [26] reported that fixed jaw IMRT 
plan gave the liver mean dose of 3.07 ± 1.23 Gy and 
4.39 ± 1.25 Gy for partial VMAT. The prescription 
dose was 42.56 Gy delivered in 16 fractions. In our 
study DIBH plan reduced the liver mean dose of 
48% in 3DCRT and 22% in VMAT as compared 
to the NB scan, the doses were 2.29 Gy vs. 1.33 Gy 
(3DCRT), 6.37 vs. 2.93Gy (VMAT FB) and 6.43 vs. 
3.07 Gy for the VMAT FFFB plan.

Shaitelman et al. [27] noted grade 3 pneumonitis 
after radiotherapy for non-small cell lung cancer, 
the incidence rate was 2%, 4% and 24% of bilateral 

lung volumes receiving V5 Gy < 35%, V5 Gy = 35–50%, 
and V5 Gy > 50%, respectively. In our analysis the 
DIBH scan plans reduced the V5Gy as compared 
to the NB scan (30.1% vs. 27.1% in 3DCRT, 91.5% 
vs. 84.5% in VMAT FB and 92.1% vs. 85.3% in 
VMAT FFFB plan, respectively). Graham et al. 
[28] reported that the common lung V20 Gy is the 
predictor of pneumonitis severity. There was no 
grade 2 pneumonitis noted, when the common 
lung V20 ≤ 22% and V20 = 22–31%. Grade 3 pneu-
monitis was observed with V20 Gy > 40%. In our 
study all plans generated for the common lung 
V20 Gy was less than 18.4% noted in the DIBH scan 
and 20.4% in the FB scan. Grantzau et al. [29] 
observed the incidence of secondary lung cancer 
after 12 years from breast irradiation. The lung 
cancer risk was 8.5% per gray and 17.3% of smok-
ers. To avoid this risk, advanced normal tissue 
sparing technique is needed.

Paddick et al. [10] proposed the dose gradient 
index (GI) to compare equal conformity plans and 
to measure the dose falloff outside the target. The 
lower isodose volume covers normal tissue, which 
is responsible for normal tissue complication. The 
recommended value of GI is less than 3 for the 
radiosurgery plan because of the steep dose falloff 
outside the target. In our analysis the GI was less 
than 2. In both NB and DIBH CT scans, 3DCRT 
(GI ≥ 1.4) plan gave higher dose fall in normal tis-
sue compared to VMAT (GI ≥ 1.9).

American Society for Radiation Oncology  
(ASTRO-2018)[30] evidence-based guidelines re-
ported that V105% volume should be minimized to 
reduce the body toxicity for unilateral breast cancer. 
To avoid desquamation V105% < 200 cc. In our study 
the volume received by 105% is less in the DIBH 
scan as compared to the FB scan plans, the values 
were 340 cc vs. 274 cc for 3DCRT, 131 cc vs. 109 
cc for VMAT FB and 247 cc vs. 152 cc for VMAT 
FFFB plan, respectively. 

AAPM TG 158 report [31] defined the in-field 
non-target dose, which is located near the field 
border and out-field non-target dose which is 
away from the field border due to irradiation 
of non-tumor tissue by treatment beams. The 
out-field dose was classified into the high dose 
region [> 50% of the prescription dose (> 30 
Gy)], the intermediate dose region [≤ 5–50% of 
the prescription dose (3–30 Gy)] and low dose 
volume [≤ 5% of the prescription dose (3 Gy)]. 
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In our study, DIBH scan reduced the out-field 
dose in 3DCRT and VMAT planning technique; 
however, the high dose (30–50 Gy) component 
in the body-PTV region is 25–80% higher in the 
3DCRT technique as compared to VMAT in both 
NB/DIBH scans.

Conclusions

In our analysis 3DCRT and VMAT plans 
achieved the target coverage and OAR sparing in 
both NB and DIBH scans. However, a better OAR 
sparing is achieved in DIBH scan plans. This purely 
treatment planning study will be used as future 
reference for determining the best plan for bilateral 
breast patients under the DIBH technique. 
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