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Purpose: To compare the dosimetrical and radiobiological parameters among various volumetric 
modulated arc therapy (VMAT) techniques using restricted and continuous arc beams for left-sided 
breast cancer. 

Materials and Methods: Ten patients with left-sided breast cancer without regional nodes were 
retrospectively selected and prescribed the dose of 42.6 Gy in 16 fractions on the planning target 
volume (PTV). For each patient, three plans were generated using the EclipseTM system (Varian 
Medical System, Palo Alto, CA) with one partial arc 1pVMAT, two partial arcs 2pVMAT, and two 
tangential arcs 2tVMAT. All plans were calculated through anisotropic analytic algorithm and photon 
optimizer with 6 MV photon beam of VitalBEAMTM. The same dose objectives for each plan were 
used to achieve a fair comparison during optimization. 

Results: For PTV, dosimetrical parameters such as Homogeneity index, conformity index, and 
conformal number were superior in 2pVMAT than those in both techniques. V

95%
, which indicates 

PTV coverage, was 91.86%, 96.60%, and 96.65% for 1pVMAT, 2pVMAT, and 2tVMAT, respectively. 
In most organs at risk (OARs), 2pVMAT significantly reduced the delivered doses compared with 
the other techniques, excluding the doses to contralateral lung. For the analysis of radiobiological 
parameters, a significant difference in normal tissue complication probability was observed in 
ipsilateral lung while no difference was observed in the other OARs. 

Conclusions: Our study showed that 2pVMAT had better plan quality and normal tissue sparing 
than 1pVMAT and 2tVMAT but not for all parameters. Therefore, 2pVMAT could be considered the 
priority choice for the treatment planning for left breast cancer.
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Introduction

Adjuvant radiation therapy (RT) after breast conserving 

surgery which is the standard of care for early stage breast 

cancer has been mainly performed with 3D conformal 

radiation therapy (3D CRT) using tangential fields.1-3) It is 

possible for the 3D CRT to provide adequate target cover-

age with relatively low complication rates.3) However, nor-

mal tissue complications such as radiation pneumonitis 

and heart disease remain a concern.4-6) There is mounting 
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evidence that even small delivered doses to the heart dur-

ing RT are important in the long term survival.6) In particu-

lar, left-sided breast cancer with concave shape is difficult 

to deliver the prescribed dose adequately without irradia-

tion to portion of the lung and heart with 3D CRT.7) During 

left sided breast RT, it is important to reduce the delivered 

dose to heart because patients could receive a relatively 

high cardiac dose which is associated with an increasing 

risk for heart complications.8) In the study reported Darby 

et al.9), the delivered heart dose to breast RT was increased 

the rate of major coronary events by 7.4% per Gy. 

Dose inhomogeneity which is the predictor of radiation-

induced toxicity can be increased by hot-spots within both 

target and surrounding normal tissues of large breast. 

Intensity-modulated radiation therapy (IMRT) which al-

lows a homogeneous dose distribution to target has been 

used to mitigate normal tissue complication.10,11) Xu et al.12) 

reported that IMRT could significantly reduce heart dose in 

case of clinical target volume (CTV) more than 500 cc com-

pared with conventional 3D CRT. However, several studies 

showed that IMRT using multiple fields increases the irra-

diated low-dose volumes in contralateral breast and both 

lungs.13,14) In recent studies, volumetric modulated arc ther-

apy (VMAT) technique has also been compared with vari-

ous techniques such as 3D CRT and IMRT.14,15) Badakhshi 

et al.16) reported that the VMAT using two arcs was inferior 

to IMRT and 3D CRT for the dose distributions in organs at 

risk (OARs), especially for low doses and mean dose. How-

ever, doses to heart and ipsilateral lung could be reduced 

by VMAT using restricted tangential angles although the 

dose distribution on target was not improved.17,18) 

In this work, we compared various VMAT techniques 

using restricted arc beam and continuous arc beams to 

the left sided breast cancer to evaluate the delivered doses 

to OARs and dose homogeneity within the target volume. 

In addition, radiobiological parameters in lung and heart 

were analyzed to these techniques. 

Materials and Methods

1. Patient selection and contouring

A total of ten patients with left-sided breast cancer without 

regional nodes who underwent breast-conserving surgery 

for T0/T1 invasive ductal carcinoma were selected in this 

retrospective study. The mean age of the patients was 51 

years (range, 41 to 70 years). CT simulation was performed 

with Brilliance CT Big BoreTM (Philips, USA) with 5-mm slice 

thickness. All patients were immobilized with the breast 

board (CIVICO Medical Solutions, USA) in a supine position. 

The images were transferred to treatment planning system 

(Eclipse, v. 13.7, Varian Medical System, USA). For each pa-

tient, the tumor bed was delineated as clinical target volume 

(CTV) which includes glandular breast tissue cropped 5 mm 

inside the body contour, and the planning target volume 

(PTV) was defined as the CTV plus a treatment margin of 10 

mm for superior-inferior, 7 mm for anterior-posterior, and 5 

mm for left-right to allow set-up uncertainties and account 

for respiratory motion. The breast PTVs ranged from 378 to 

1,400 cc (775±300 cc). The OARs defined in heart, ipsilateral 

lung, and contralateral lung. 

2. Dose prescription and objective

The dose of 42.6 Gy in 16 fractions was prescribed to the 

PTV as the Ontario Canadian trial.19) The plan objectives are 

summarized in Table 1. The primary goal for planning was 

to cover at least 100% of the PTV with 95% of the prescribed 

dose to ensure dose coverage of target volume. For PTV ho-

mogeneity, 107% of prescribed dose was also limited to less 

than 1% of target volume. When the objectives of PTV were 

met, the objectives of OARs were determined in the follow-

ing order of priorities: heart, left lung, contralateral lung.

3. Planning strategy

For each patient, the treatment plans were created by 

using the EclipseTM system (Varian Medical System, USA) 

Table 1. The optimization objectives used for inverse IMRT/
VMAT planning.

Structure Objectives

PTV V44.6Gy<1%, V42.5Gy>95%, V40.4Gy>100%

Heart V10Gy<20% and V20Gy<10%, Dmean<5 Gy

Left lung V10Gy<40%, V20Gy<30% and V30Gy<20%

Contralateral lung V10Gy<10%
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for three VMAT techniques as shown in Fig. 1: one partial 

arc VMAT (1pVMAT), two partial arcs VMAT (2pVMAT), 

and two tangential arcs VMAT (2tVMAT). Beam angle ar-

rangements for each plan were slightly different according 

to PTV position and shape. Each beam was selected proper 

angles to meet the target coverage and avoid the collision 

with contralateral breast. First of all, 1pVMAT was gener-

ated using a single arc which ranges around 230° (range, 

215° to 245°) to cover the entire treatment area. 2pVMAT 

was employed with two arcs which has the same arc range 

used in 1pVMAT. 2tVMAT was generated by using avoid-

ance sector around 60° (range, 55° to 65°) under the same 

arc range used in 2pVMAT. The start and stop gantry 

angles of the avoidance sectors which were identified on a 

patient-by-patient based on their anatomy were manually 

set from 0° to 60°. All plans were used 6 MV photon beam 

of VitalBEAMTM with the Millennium 120TM MLC (Varian 

Medical System, USA). The same set of optimization goal 

for three type techniques was applied to accomplish fair 

comparison; hence, the observable discrepancies were 

mostly ascribed to the disparities of three VMAT tech-

niques. In addition, the photon optimizer (PO, Ver. 13.7, 

Varian Medical Systems, USA) was used to optimize, and 

the dose distributions were calculated by the anisotropic 

analytic algorithm (AAA, Ver. 13.7, Varian Medical Systems, 

USA) with a calculation grid size of 2.5 mm. 

4. Data analysis

In order to analyze the target coverage to PTV and doses 

to OARs, dose volume histograms (DVHs) for each plan 

was exported. For target coverage, dosimetric parameters 

such as Dmax (max dose), Dmean (mean dose), and V95% (per-

cent volume irradiated by 95% of the prescription dose) of 

PTV were evaluated. Homogeneity index (HI), conformity 

index (CI), and conformation number (CN) of PTV were 

calculated to evaluate the plan quality. HI was calculated 

by Eq (1).

)1(HI
%50

%95%2   

  Where, D2%, D95% and D50% indicate the dose to 2%, 95%, 

and 50% volume of the PTV, respectively. The lower HI 

was considered as a plan which has a more homogeneous 

target dose. The CI (as defined by the International Com-

mission on Radiation Units and Measurements, report 83) 

is mathematically defined as:

)2(CI   

  Where, VRI is the volume of the target covered by the ref-

erence isodose, and TV is the volume of PTV. CI represents 

the objective measure of how well the distribution of radia-

tion follows the shape of the target volume. The CI refers to 

the degree of dose conformity, and it is ideal for the CI to 

remain close to 1. The CN which evaluates the conformity 

to target dose and the healthy tissue irradiation was calcu-

lated as: 

)3(CN   
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Fig. 1. Example of dose distribution in transverse plane for (a) 1pVMAT, (b) 2pVMAT, and (c) 2tVMAT.
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where TVRI represents the target volume covered with ref-

erence isodose. 

For OARs, Dmax, Dmean, V20%, and V10% (dose delivered to 

20% and 10% volume) of contralateral lung, ipsilateral lung, 

and heart were evaluated. In order to investigate the radio-

biological impact on various OARs, the equivalent uniform 

dose (EUD) based normal tissue complication probability 

(NTCP) were calculated using MATLAB software based 

program.20) The paired Wilcoxon’ signed-rank test (SPSS, 

version 12; SPSS Inc, Chicago, IL) was performed for the 

statistical measure of the difference in dosimetrical param-

eters between various VMAT techniques. A P-value of <0.05 

was considered to indicate statistical significance. 

Results

1. Target coverage

Fig. 1 shows an example of dose distributions generated 

by (a) 1pVMAT, (b) 2pVMAT, and (c) 2tVMAT. Table 2 indi-

cates the mean and standard deviation of dosimetrical pa-

rameters to PTV for all patients. Among three VMAT tech-

niques, there were significant differences in dosimetrical 

parameters of PTV such as Dmax, Dmean, V95%, HI, CI, and CN. 

The lowest Dmax (114.93±1.83) was observed in 2pVMAT, 

while Dmean (103.06±1.65) was much higher than other tech-

niques. Furthermore, the 2pVMAT (V95%=97.60±1.25) tech-

nique provided significantly increased PTV dose coverage 

compared with both 1pVMAT (V95%=91.86±3.58) and 2tV-

Table 2. Dosimetrical parameters to PTV obtained by three VMAT techniques (mean±standard deviation).

Metric 1pVMAT 2pVMAT 2tVMAT
P-value

1pVMAT vs. 2pVMAT 2pVMAT vs. 2tVMAT

Dmax (%) 118.38±1.72 114.93±1.83 115.10±2.25 0.009 0.553

Dmean (%) 102.51±1.86 103.06±1.65 102.84±1.70 0.008 0.007

V95% (%) 91.86±3.58 97.60±1.25 96.65±1.86 0.005 0.009

HI 0.21±0.04 0.12±0.02 0.14±0.03 0.005 0.007

CI 1.12±0.13 1.08±0.11 1.12±0.11 0.017 0.004

CN 0.76±0.05 0.88±0.06 0.83±0.05 0.005 0.005

Table 3. Dosimetrical and statistical analysis for the organs at risk according to three VMAT techniques (mean±standard deviation).

Organ Metric 1pVMAT 2pVMAT 2tVMAT

P-value

1pVMAT vs. 
2pVMAT

2pVMAT vs. 
2tVMAT

Ipsilateral lung Dmax (%) 115.58±3.81 105.88±1.96 109.57±4.08 0.005 0.007

Dmean (%) 32.60±3.21 28.67±1.71 30.27±2.84 0.005 0.011

V20Gy (%) 26.11±3.34 21.43±1.11 22.76±2.33 0.005 0.022

V10Gy (%) 43.13±6.59 37.49±3.76 39.75±4.95 0.005 0.017

NTCP 0.04±0.03 0.01±0.01 0.02±0.01 0.011 0.038

Contralateral  
lung

Dmax (%) 53.02±8.56 62.51±11.39 47.49±10.66 0.114 0.028

Dmean (%) 6.81±1.65 10.29±6.94 6.94±1.13 0.005 0.007

V20Gy (%) 0.04±0.02 0.41±0.48 0.12±0.06 0.080 0.655

V10Gy (%) 1.70±1.29 4.91±3.23 1.38±1.23 0.009 0.022

V5Gy (%) 16.30±8.17 30.48±11.89 13.61±5.48 0.005 0.013

NTCP <0.001 <0.001 <0.001 - -

Heart Dmax (%) 112.23±9.35 89.24±7.43 97.64±9.03 0.005 0.007

Dmean (%) 17.79±4.03 14.66±1.82 15.98±3.83 0.012 0.185

V20Gy (%) 7.95±6.05 3.07±1.12 6.05±2.93 0.005 0.007

V10Gy (%) 19.77±7.02 15.21±4.05 16.60±8.51 0.012 0.445

NTCP <0.001 <0.001 <0.001 - -
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MAT (V95%=96.65±1.86). The HI was 0.21±0.04, 0.12±0.02, 

and 0.14±0.03 for 1pVMAT, 2pVMAT, and 2tVMAT, respec-

tively. The doses were more conformal in the 2pVMAT 

compared to the 1pVMAT and 2tVMAT. The CI was lowest 

in the 2pVMAT (CI=1.08±0.11), whereas it was similar for 

1pVMAT (CI=1.12±0.13) and 2tVMAT (CI=1.12±0.11). The 

CN was higher in the 2pVMAT (CN=0.88±0.06) than other 

two techniques. 

2. Delivered doses to OARs

Table 3 indicates the dosimetrical parameters for de-

livered doses of OARs among the 1pVMAT, 2pVMAT, and 

2tVMAT. The Dmax (105.88±1.96) and Dmean (28.67±1.71) to 

ipsilateral lung in 2pVMAT were significantly lower than 

those in 1pVMAT and 2tVMAT. The Dmax (62.51±11.39) and 

Dmean (10.29±6.94) of contralateral lung in 2pVMAT were 

also significantly lower than those in 1pVMAT and 2tV-

MAT. However, V20Gy (21.43±1.11) and V10Gy (37.49±3.76) of 

ipsilateral lung were significantly decreased in 2pVMAT, 

whereas V10Gy (4.91±3.23) and V5Gy (30.48±11.89) of contra-

lateral lung was significantly increased in 2pVMAT com-

pared with 2pVMAT and 2tVMAT. 2pVMAT was decreased 

significantly in Dmax (89.24±7.43) of heart compared with 

1pVMAT (112.23±9.35) and 2tVMAT (97.64±9.03). However, 

there was no statistically significant difference in Dmean of 

heart with 2tVMAT (P-value=0.185). V20Gy was significantly 

decreased in 2pVMAT (3.07±1.12) compared with 1pVMAT 

(7.95±6.05) and 2tVMAT (6.05±2.93). However, no signifi-

cant difference in V10Gy with 2tVMAT (P-value=0.445) was 

observed. Only the average NTCP value of ipsilateral lung 

was observed to have a relatively apparent difference than 

those of the other OARs. 

Discussion

In this study, we compared various VMAT techniques 

such as 1pVMAT, 2pVMAT, and 2tVMAT for left breast ra-

diation therapy during the course of a hypo-fractionated 

RT comprising 16 fractions. Dosimetrical parameters of 

various techniques using 3D-CRT, IMRT, and VMAT in 

left breast cancer have been evaluated in a large of stud-

ies.7,12,15,16) These researches report that the IMRT or VMAT 

for the dose homogeneity and coverage to target volume 

was significantly increased compared with 3D-CRT.13-16) 

In addition, VMAT was superior in both the treatment 

time and the number of MU compared with IMRT.21) Fur-

thermore, VMAT had apparent advantage in reducing the 

volume of high dose to target volume and disadvantage in 

increasing the volume of lower dose.14-16) In this study, with 

respect to the dosimetrical parameters of PTV, 2pVMAT 

had obvious advantages on not only the HI but also CI 

and CN than other two techniques. The 2pVMAT was also 

improvement of the homogeneous dose distribution as 

shown in Fig. 1. 

High doses to heart and left ascending coronary artery 

were decreased with the VMAT technique for left breast 

cancer. Especially, these are reasonable to consider the 

potential of VMAT techniques on breast cancer,14) because 

the mean dose and doses of 25 and 30 Gy to heart have 

been reported to be associated with the complication of 

heart.5,9) In the previous study, irradiation of the heart to 

delivered dose during breast radiotherapy resulted in an 

increase in the subsequent rate of ischemic heart disease 

linearly with the mean dose to the heart.9) Doses delivered 

to the heart (Dmax, Dmean, V20Gy, and V10Gy) in 2pVMAT were 

the lowest in our study. This meant that the 2pVMAT could 

achieve the reduction of occurrence probability for the 

heart disease. The V20Gy which could be used to predict 

the radiation pneumonitis risk was decreased in ipsilat-

eral lung with 2pVMAT compared to other techniques. 

However, increasing the delivered dose to contralateral 

lung was concurrently observed in 2pVMAT. As expected, 

the low dose volume (V10Gy) was significantly increased in 

2pVMAT when comparing with 1pVMAT and 2tVMAT. Be-

cause the patients with breast cancer are considered long 

term survivors, the minimization of the delivered dose to 

contralateral lung is important. In our study, the V5Gy and 

V10Gy of contralateral lung for 2pVMAT were approximately 

30% and 5%, although corresponding values for 2pVMAT 

were higher than two VMAT techniques. Because the dose 

constraints used in our study were excluded in V5Gy of the 

contralateral lung, our study showed relatively high V5Gy 

for all techniques compared with threshold presented in 

RTOG 1005 protocol.22) However, other dosimetrical results 

were in the same line with the previous studies.13,23) Fur-
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thermore, these are also unclear that this low dose spreads 

are associated with clinical complication. 

Even though the NTCP differences of OARs were only 

found in ipsilateral lung, the value is the smallest with 2pV-

MAT. No remarkable difference of NTCP for other OARs 

was observed. This may be due to relatively simple target 

shape that does not include internal mammary node (IMN) 

and supra clavicle lymph (SCL). 

A limitation of our study was to the small number of 

patient. It was difficult to provide the fully statistical sig-

nificance for OARs. For example, we could not confirm the 

statistical significance of parameters such as Dmean and V10Gy 

to Heart (Table 2). Therefore, for future study, we need to 

investigate more complex shapes and various sizes of tar-

get volume for a large number of patients. 

Conclusion

For three VMAT techniques of left breast cancer, the do-

simetrical and radiobiological parameters were estimated 

in this study. This study founded that the plan quality was 

generally improved with 2pVMAT and, although not for 

all analyzed parameters, some dosimetrical parameters 

showed a significant improvement with 2pVMAT than 

with 1pVMAT and 2tVMAT. In addition, for radiobiological 

parameters, the 2pVMAT showed the significant improve-

ment in NTCP of ipsilateral lung. Therefore, this study sug-

gests that the use of 2pVMAT as choice for radiotherapy of 

left breast cancer may be an attractive option.  
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