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Abstract
Purpose

A planning study was performed to evaluate the feasibility of non-coplanar volume modulated arc
therapy (ncVMAT) for locoregional radiotherapy of left-sided breast cancer with internal mammary nodes.

Methods and materials

Ten patients with left-sided breast cancer after breast conserving surgery were retrospectively studied.
The planning target volumes (PTV) were contoured encompassing the whole breast/chestwall, internal
mammary nodes (IMN) and supraclavicular nodal (SCN) region. For each patient, ncVMAT plan with 4
partial arcs composing of two coplanar arcs and two non-coplanar arcs with couch rotating to 90˚ was
generated. The prescription dose was normalized to cover 95% of PTV with 50 Gy delivering in 25
fractions. For each ncVMAT plan, dosimetric parameters were compared with coplanar VMAT (coVMAT)
plan optimizing with identical coplanar beam angle arrangement.

Results

With ncVMAT, the mean conformity index of the whole PTV increased from 0.82±0.02 to 0.86±0.01
(p=0.005), and there was no signi�cant difference for the homogeneity index. The mean coverage of
internal mammary target volume (PTVimn) with ncVMAT increased from 88.77±3.07% to 91.67±3.84%
comparing with coVMAT (p=0.005). Meanwhile, the V55 in PTVscn and PTVimn decreased signi�cantly
from 5.76±6.03%, 13.73±7.77% to 2.94±3.93%, 3.75±3.36%, separately (p<0.01). For organs at risk, the
average V30, V20, V10, V5 and Dmean of heart decreased from 5.13±3.22%, 12.18±7.29%, 33.98±15.73%,
72.03±16.79% and 10.47±2.97 Gy to 4.86±2.54%, 9.35±5.43%, 25.16±12.42%, 62.27±13.18% and
9.08±2.34 Gy, separately (p<0.01). Furthermore, ncVMAT signi�cantly reduced the mean V20, V10, V5,
Dmean of left lung, and V10, V5, Dmean of contralateral lung (p<0.01). A better sparing of LAD
descending coronary artery and right breast were also shown with ncVMAT (p<0.01).

Conclusions

Compared to coVMAT, ncVMAT provides better conformity, lower V55 in PTVscn and PTVimn, better
coverage of PTVimn, better dose sparing in heart, bilateral lung, LAD and right breast for locoregional
radiotherapy of left-sided breast cancer with internal mammary nodes, which potentially increase the
local control in IMN and reduce the risk of deleterious effects.

1. Introduction
Internal mammary nodes (IMN) are commonly founded in around 20%~30% breast cancer patients.1

Adjuvant radiotherapy after breast conserving surgery is proved to be effective in reducing the risk of
recurrence and death from breast cancer.2–3 For breast cancer radiotherapy, IMN and supraclavicular
nodes (SCN) are often included in the planning target volume (PTV) to improve the local control.4–6
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However, it is well known that irradiation of IMN region inevitably increase the dose delivering to heart
and lungs, which increases the risk of radiation pneumonitis and cardiac mortality. As it is reported, about
30% breast cancer patients after de�nitive radiotherapy have the problem of radiation pneumonitis.7

Meanwhile, Cardiac mortality such as ischemic heart disease is another major concern associated with
radiotherapy in breast cancer.8–10 Therefore, there is still a lot of controversies concerning the radiation of
IMN.11–12 Also, the prescription dose coverage of IMN always need to be compromised to spare adjacent
organs at risk (OAR). So, it is crucial to reduce the dose to organs at risk during radiation of nodal region
aiming to increase the bene�ts and lower down the toxicities.

Historically, there were several techniques for locoregional breast irradiation. Modi�ed wide tangential
beam with forward planning was commonly utilized.13 With the development of technology, intensity-
modulated radiotherapy (IMRT) was introduced in the radiotherapy of left-sided breast cancer with IMN.14

Using inverse optimizer, conformity and homogeneity were improved, and V30 of Heart as well as V20 of
left lung was reduced with IMRT comparing to conventional plan. Recently, volume modulated arc
therapy (VMAT) technology with rotating gantry and moving multi-leaf collimator (MLC) were widely
developed in radiotherapy.15–16 It was also implemented in the left-sided breast cancer with IMN, and
could achieve similar PTV coverage and OAR sparing comparing with IMRT. Although, new technology
like IMRT and VMAT can reduce the dose to OARs comparing with wide tangential beams. It is still
worthwhile to explore the possibility to improve the OAR sparing and IMN coverage. Helical tomotherapy
(HT) is a possible solution, but the facility is much more complicated and the beam delivering is time-
consuming comparing with conventional linac.17 Furthermore, there was no signi�cant improvement for
the mean dose of heart comparing HT with VMAT.18

Non-coplanar technology has the reputation for extending the beam angle arrangements and therefore
better sparing OARs.19 With non-coplanar technique, different �xed �elds or arcs do not employ the same
geometric plane which signi�cantly increase the space of solution for optimizing. This can be realized
with C-arm linac by rotating the treatment couch around the isocenter. The implementation of non-
coplanar technique has already been studied in partial breast and complicated whole breast radiotherapy.
20–21 However, there is no report concerning the utilization of non-coplanar technique in the treatment of
left-sided breast cancer patients after breast conserving surgery including internal mammary and
supraclavicular nodal region. In this study, 4 arcs ncVMAT plans were optimized to explore its feasibility
for locoregional radiotherapy of left-sided breast cancer, and dosimetric parameters such as target
coverage, conformity index, homogeneity index and OARs sparing were compared with coVMAT.

2. Materials And Methods
A.
Patient selection
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The retrospective study was approved by the institutional review board and informed consent was
waived. 10 patients with left-sided breast cancer including internal mammary nodes after breast-
conserving surgery were selected for our study. The mean age of patients was 55.8 years (range from 34
to 68 years). The planning CT data were generated by a Brilliance CT Big Bore (Philips Healthcare, Best,
Netherlands) with 5 mm thickness. The clinical target volume (CTV) comprises the whole breast, the SCN
and the IMN with the �rst three intercostal spaces contouring separately. The PTV was generated by
expanding a 5 mm margin to CTV with the most super�cial 5 mm excluded. Therefore, PTVbreast,
PTVscn and PTVimn were delineated separately constituting the total target volume PTVall. The volume
of PTVall varied from 582.6 cc to 1161.7 cc (mean 851.8 ± 211.8 cc). The OARs were also contoured on
the planning CT including the left and right lung, the heart, the left anterior descending coronary artery
(LAD), the right breast, the esophagus, the spinal cord, the left humeral head and the left brachial plexus.

B.
Treatment planning

All plans were generated with Pinnacle treatment planning system (version 9.1, Philipps Healthcare, Best,
Netherlands). 6 MV photon beams delivering with a Varian Trilogy linear accelerator (Varian Medical
System, Palo Alto, CA, USA) were utilized for treatment. The minimum MLC width was 5 mm, and the
treatment couch can rotate from − 90˚ to 90˚. The prescribed dose was 50 Gy delivering in 25 fractions for
all patients. For each patient, both ncVMAT and coVMAT plans were optimized for comparison.

The ncVMAT was optimized with 4 arcs composing with 2 coplanar arcs and 2 non-coplanar arcs. The 2
coplanar arcs ranged from 310˚ to 140˚ (4˚ control point spacing) with both clockwise and counter-
clockwise rotation, and the beam angles and collimator angles were adjusted slightly according to the
shape of each PTV. According the anatomic location of IMN, the extra dose to heart and bilateral lungs
are unavoidable and usually increase with increasing the coverage of PTVimn. Hence, two non-coplanar
plan arcs were designed to cover the PTVimn as shown in Fig. 1. The non-coplanar arc

varies from 330˚ to 30˚ (both clockwise and counter-clockwise) with couch rotating to 90˚. To protect
patients from collision with gantry, the maximum beam angel is 30˚. To increase the �exibility of
optimizing, the control point spacing was set to 2˚ for non-coplanar beams. The 4 arcs were optimized
together with inverse optimizer in the planning system. For coVAMT plans, identical coplanar beam
angles were used for each patient with two arcs for optimization. All plans were optimized to cover at
least 95% of PTVall with prescription dose and decrease the dose delivering to OARs as much as
possible. For each patient, the optimizing parameters were similar between ncVMAT and coVMAT plan
with minor adjustments.

C.
Evaluation methods

Several parameters such as conformity index (CI), homogeneity index (HI) of PTV were evaluated in our
study to compare ncVMAT plans with coVMAT plans. The CI was recommended by Paddick’s formula:22
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CI=(TVPV)2/(TV × PV), where TV was the PTV volume, PV was the volume covered by the prescription
dose, and TVPV was the volume of PTV covered by the prescription dose. The value of CI close to 1
represents a better conformity. The HI was de�ned as:23 HI = D5%/D95%, where D5% and D95% were the dose
to 5% and 95% volume of the target volume, and a smaller HI means a better homogeneity. The
prescription dose coverage V50 and hot spot V55 of PTVall, PTVbreast, PTVscn and PTVimn were also
evaluated separately.

In terms of OARs, the mean dose (Dmean) and the proportion of volume receiving 5 Gy (V5), 10 Gy (V10),
20 Gy (V20) were calculated for left lung. The Dmean, V5, V10, V20 and V30 for heart; the Dmean, V5, V10 for
right lung and right breast; the Dmean and the maximum dose (Dmax) for LAD, esophagus, and left brachial
plexus; the Dmean and V30 for left humeral head; the Dmean, Dmax and V30 for thyroid and the Dmax for
spinal cord were also evaluated. The machine unit (MU) for each plan was also calculated, and all plans
were delivered by the accelerator for a dry run, and the treatment time were recorded including the time for
rotating the couch without considering the time for patient positioning.

Statistical analysis were performed with SPSS19.0. For data with normal distribution, the independent
samples t-test was utilized for analyzing; otherwise, the nonparametric Wilcoxon signed-rank test was
used to characterize the signi�cance of parameters. The results were considered signi�cant if p < 0.05.

3. Results
As an example, the axial dose distribution of both ncVMAT and coVMAT are illustrated in Fig. 2. It is
obvious in Fig. 2 that a better conformity of doselines from 500 cGy to 4000 cGy is shown with ncVMAT
on this layer. This can be also seen in the dose volume histogram of PTV and selected OARs in Fig. 3. For
this case, ncVMAT provided better sparing for LAD, heart, bilateral lung, right breast and better
homogeneity for PTVimn.

A.
Dosimetric evaluation of PTV

All plans were normalized to cover 95% volume of PTVall with the prescription dose 50 Gy. The
dosimetric parameters of PTVbreast, PTVscn, PTVimn and PTVall are shown in Table. 1. The mean
coverage of PTVbreast decreased slightly from 95.98 ± 0.39% to 95.36 ± 0.48% with ncVMAT (p = 0.005).
The average coverage of PTVscn was 94.62 ± 0.92%, and there was no signi�cant difference between
ncVMAT and coVMAT (p > 0.05). It is interesting that the mean coverage of PTVimn increased
signi�cantly from 88.77 ± 3.09% to 91.67 ± 3.84%. Meanwhile, The 110% prescribed dose volume V55 in
PTVscn and PTVimn decreased signi�cantly from 5.76 ± 6..03%, 13.73 ± 7.77% to 2.94 ± 3.93%, 3.75 ± 
3.36%, separately (p < 0.01). separately. Furthermore, the mean conformity index of the PTVall increased
from 0.82 ± 0.02 to 0.86 ± 0.01 (p = 0.005) which means a better conformity for ncVMAT, and there was
no signi�cant difference for the homogeneity index.
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Table 1
Comparison of dosimetric parameters between coVMAT and ncVMAT for

PTV

  Parameters coVMAT ncVMAT p

PTVall CI 0.82 ± 0.02 0.86 ± 0.01 0.005

  HI 1.11 ± 0.02 1.11 ± 0.01 0.093

  V55 (%) 11.40 ± 7.88 8.28 ± 5.63 0.028

PTVimn V45 (%) 98.40 ± 1.30 99.30 ± 0.71 0.074

  V50 (%) 88.77 ± 3.09 91.67 ± 3.84 0.013

  V55 (%) 13.73 ± 7.77 3.75 ± 3.36 0.005

PTVscn V50 (%) 94.51 ± 1.76 94.62 ± 0.92 0.878

  V55 (%) 5.76 ± 6.03 2.94 ± 3.93 0.007

PTVbreast V50 (%) 95.98 ± 0.39 95.36 ± 0.48 0.005

  V55 (%) 13.28 ± 8.95 10.21 ± 6.35 0.059

B. Heart

In breast cancer radiotherapy, a preferential sparing should be provided to heart. It is illustrated in Table 2,
the average V30, V20, V10, V5 of heart decline signi�cantly from 5.13 ± 3.22%, 12.18 ± 7.29%, 33.98 ± 
15.73% and 72.03 ± 16.79% to 4.86 ± 2.54%, 9.35 ± 5.43%, 25.16 ± 12.42% and 62.27 ± 13.18% (p < 0.05),
separately. The mean dose of heart was reduced from 10.47 ± 2.97 Gy to 9.08 ± 2.34 Gy (p = 0.005), and
there was a decrease of 13.3% in Dmean of heart.

C.
Lungs

It can be seen in Table 2, the mean V20, V10, V5 of left lung decline signi�cantly from 24.95 ± 2.61%, 45.44 
± 6.45%, 72.82 ± 13.00% to 22.94 ± 3.94% (p = 0.007), 40.86 ± 6.51% (p = 0.007), 66.24 ± 11.68% (p = 
0.007), separately. The mean V10 and V5 of contralateral lung also decreased from 1.53 ± 0.85% and
14.67 ± 6.21% to 0.87 ± 0.77% (p = 0.005) and 8.02 ± 4.37% (p = 0.005), separately. The mean lung dose
(MLD) of left lung and right lung were both reduced from 14.80 ± 1.61 Gy and 3.19 ± 0.48 Gy to 13.82 ± 
1.79 Gy (p = 0.005) and 2.78 ± 0.39 Gy (p = 0.005). Apparently, it could be concluded that ncVMAT
provides a better sparing for bilateral lungs than coVMAT plans.
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Table 2
Comparison of dosimetric parameters between coVMAT and ncVMAT for heart and

lung

  Parameters coVMAT ncVMAT p

Heart V5 (%) 72.03 ± 16.79 62.27 ± 13.18 0.007

  V10 (%) 33.98 ± 15.73 25.16 ± 12.42 0.005

  V20 (%) 12.18 ± 7.29 9.35 ± 5.43 0.005

  V30 (%) 5.13 ± 3.22 4.86 ± 2.54 0.047

  Dmean (Gy) 10.47 ± 2.97 9.08 ± 2.34 0.005

Left lung V5 (%) 72.82 ± 13.00 66.24 ± 11.68 0.007

  V10 (%) 45.44 ± 6.45 40.86 ± 6.51 0.007

  V20 (%) 24.95 ± 2.61 22.94 ± 3.94 0.007

  Dmean (Gy) 14.80 ± 1.61 13.82 ± 1.79 0.005

Contralateral lung V5 (%) 14.67 ± 6.21 8.02 ± 4.37 0.005

  V10 (%) 1.53 ± 0.85 0.87 ± 0.77 0.005

  Dmean (Gy) 3.19 ± 0.48 2.78 ± 0.39 0.005

D.
Right breast and LAD

Dosimetric parameters of right breast and LAD are evaluated in Table 3. The V10, V5 and Dmean of
contralateral breast declined from 0.50 ± 0.70%, 8.90 ± 5.64% and 2.45 ± 0.64 Gy to 0.15 ± 0.30% (p = 
0.005), 5.87 ± 2.70% (p = 0.008) and 2.26 ± 0.35 Gy (p = 0.005), separately. Accordingly, the V10 in right
breast was negligible for ncVMAT plans. The average maximum does (Dmax) and Dmean in LAD
descending coronary artery were 43.61 ± 10.65 Gy and 22.88 ± 7.40 Gy for ncVMAT plans comparing to
45.41 ± 8.74 Gy and 23.77 ± 6.73 Gy for coVMAT plans. The reduction of Dmax and Dmean for LAD were
both statistically signi�cant (p < 0.01).

E.
Other OARs

The evaluation of some other OARs is shown in Table 3. It is illustrated that the Dmean of esophagus
increased slightly from 30.85 ± 3.96 Gy to 31.90 ± 4.43 Gy (p < 0.05), which was acceptable in clinical
practice. Furthermore, reduction of Dmax for both esophagus and Thyroid were realized with ncVMAT. In
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addition, there were no signi�cant differences for V30 and Dmean of left humeral head, Dmax and Dmean of
left brachial plexus, V30, Dmean of Thyroid, and Dmax of spinal cord (p > 0.05). Moreover, all the dosimetric
parameters of these OARs were clinically acceptable.

Table 3
Comparison dosimetric parameters between coVMAT and ncVMAT for other OARs

  Parameters coVMAT ncVMAT p

Contralateral breast V5 (%) 8.90 ± 5.64 5.87 ± 2.70 0.005

  V10 (%) 0.50 ± 0.70 0.15 ± 0.30 0.008

  Dmean (Gy) 2.45 ± 0.64 2.26 ± 0.35 0.005

LAD Dmax (Gy) 45.41 ± 8.74 43.61 ± 10.65 0.005

  Dmean (Gy) 23.77 ± 6.73 22.88 ± 7.40 0.005

Left humeral head V30 (%) 6.59 ± 14.27 15.54 ± 15.21 0.093

  Dmean (Gy) 17.74 ± 6.69 21.91 ± 4.48 0.059

Esophagus Dmax (Gy) 53.09 ± 0.38 52.54 ± 0.88 0.037

  Dmean (Gy) 30.85 ± 3.96 31.90 ± 4.43 0.037

Left brachial plexus Dmax (Gy) 54.30 ± 0.62 54.43 ± 1.24 0.646

  Dmean (Gy) 50.42 ± 1.33 49.96 ± 0.97 0.646

Thyroid V30 (%) 49.42 ± 8.80 47.25 ± 5.66 0.878

  Dmax (Gy) 54.58 ± 0.95 53.99 ± 0.92 0.028

  Dmean (Gy) 31.30 ± 4.03 31.28 ± 2.83 0.646

Spinal cord Dmax (Gy) 30.26 ± 4.58 31.22 ± 5.97 0.646

F.
MU and Treatment time

The average MU for increased from 833 ± 126 MU for coVMAT to 932 ± 172 MU for ncVMAT, but the
increase is statistically insigni�cant. The average treatment time increased from 136 ± 12 s for coVMAT
to 280 ± 15 s for ncVMAT (p = 0.005). The time increase is signi�cant, and caused by manually rotating
the couch from 0˚ to 90˚.

4. Discussion
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It is a challenge to encompass internal mammary nodal region in breast cancer radiotherapy. Extra
irradiation of heart and lungs will be introduced to cover the IMN. To reduce the toxicities in adjacent
OARs, the coverage of PTVimn was somehow comprised, and 85%24 or 90%25 prescription doses were
acceptable in clinic practice. However, in our study, the coverage of PTVimn were increased without
increasing the dose delivering to heart and lungs using ncVMAT. This may have a potential bene�t of
improving the local control of IMN. On the other hand, a lower coverage of PTVimn could also be utilized
with ncVMAT during planning to further reduce the dose to heart and lungs. There should be a tradeoff
between target coverage and possible harmful effects. For ncVMAT, the hot spot area V55 was improved
for PTVimn and PTVscn. Especially for PTVimn, the V55 was reduced obviously from 13.28 ± 8.95% to
only 3.75 ± 3.36% (p = 0.005). This may have potential advantage to protect anatomically adjacent
vessels and nerves from irradiating of high dose.26 Moreover, the conformity of ncVMAT plans was better
than coVMAT plans, which may represent a better sparing of normal tissue with introducing non-coplanar
arcs.

The cardiac mortality associated with radiotherapy is a main concern in left-sided breast cancer
patients.27,28 Patients with left-sided breast cancer have higher risk of radiation induced ischemic heart
disease and cardiovascular disease comparing with right-sided breast cancer.8 It is reported that the rate
of major coronary events increased by 7.4% with the dose to heart increasing by 1 Gy.29 Therefore, it is
crucial to reduce the dose delivering to heart as much as possible. In our study, a reduction of 1.39 Gy for
the mean dose of heart was achieved with non-planar technique, and V30, V20, V10 and V5 of heart also
declined signi�cantly. The Dmean of heart with non-coplanar arcs was only 9.07 ± 2.34 Gy, and the result

was even superior comparing with helical tomotherapy reported as 10.47 ± 2.97 Gy 18, 12.2 ± 1.8 Gy30. It
is also discussed that some sensitive areas in heart should be evaluated separately which might cause
functional damage. 31 Marks LB. et al reported that the probability of occurrence for cardiac perfusion
defects increased signi�cantly with increasing volume of left ventricle irradiated using single-photon
emission computed tomography (SPECT).32 Taylor CW et al. retrospectively studied the breast cancer
patients undergoing radiotherapy from 1950s to 1990s, and implied that the irradiation of the anterior
part of the heart and LAD might have increased the risk of death from cardiac disease.33 It is interesting
to show in our study, an obvious better sparing of 5 Gy, 10 Gy dose delivering for the anterior part of heart,
left ventricle as well as LAD are possible with ncVMAT as illustrated in Fig. 2 and Fig. 3. With ncVMAT, the
maximum dose and the mean dose of LAD were also indicated to be lower than coVMAT plans (p = 
0.005). Although more proof is needed to show the radiation induced dysfunction by different parts of
heart, there are still potential bene�ts to protect these related areas.

Radiation pneumonitis (RP) is a well-known risk associated with thoracic tumor radiotherapy.34 If the
volume of normal lung receiving 20 Gy was lower than 22%, the possibility of RP with Grade 2 was
limited.35 Also, a possibility of 20% was found for patients with more than 50% lung volume receiving
10 Gy.36 The mean lung dose (MLD) of total lung, MLD and V5-V15 of contralateral lung were also

predictive of RP as reported by Eva M. Bongers et al.37 A higher risk of 37.5% was shown with the MLD of
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contralateral lung exceeding 3.6 Gy. In our study, the V20 of ipsilateral lung decreased obviously from
24.95 ± 2.61% to 22.94 ± 3.94% (p = 0.007) with ncVMAT, and the V10 of both ipsilateral and contralateral
lungs also declined from 45.44 ± 6.45% and 1.66 ± 1.53% to 40.86 ± 6.51% (p = 0.007) and 0.87 ± 0.77%
(p = 0.005), separately. The MLD of bilateral lungs were reduced, and the MLD of contralateral lung was
optimized from 3.19 ± 0.48 Gy to 2.78 ± 0.39 Gy (p = 0.005) with all patient’s the contralateral lung MLD
lower than 3.6 Gy. Therefore, ncVMAT provided a better sparing to lungs which reduced the risk of RP for
left-sided breast cancer patients.

In addition to pulmonary and cardiac toxicities induced by radiotherapy, the second primary breast cancer
in long term was also crucial for young breast cancer patients.38 It was reported by Stovall et al. that the
risk of patients younger than age 40 developing a second primary breast cancer increased with receiving
more than 1 Gy in the contralateral breast.38 Boice JD et al. also illustrated that the risk of second cancer
was associated with age, and patients younger than age 45 had a higher risk of second cancer after
irradiation of contralateral breast.39 It was shown by Popescu CC et al.40 and Xu YJ et al.18 that VMAT
had the ability to reduce irradiation of the contralateral breast comparing with IMRT. In our study, with
ncVMAT, the dose delivering to the contralateral breast can be reduced further. The average Dmean of right
breast decreased from 2.45 ± 0.64 Gy to 2.26 ± 0.35 Gy (p = 0.005), and the V10 was nearly eliminated
with only 0.15 ± 0.30% for ncVMAT. Hence, for young patients, ncVMAT seems to be preferable to reduce
second cancer risk.

The dose delivering to other OARs in our study were all clinically accepted. Actually, there were always
con�icts with the coverage of the target volume and sparing of OARs. It is still possible to further reduce
the dose delivering to the speci�ed OAR with ncVMAT by sacri�cing other OARs or the coverage of target
volume, which needs to be discussed case by case. Although the treatment time for ncVMAT was longer
than coVMAT, it was still e�cient than HT (around 1000s). The decline of treatment e�ciency for
ncVMAT is somehow acceptable with improving the plan quality.

5. Conclusions
Non-coplanar VMAT for locoregional radiotherapy of left-sided breast cancer with internal mammary
nodes was studied comparing with normal coplanar VMAT. With introducing two additional non-coplanar
arcs, the conformity and the hot spot V55 of PTV were all improved, and the coverage of PTVimn also
increased obviously. For OARs, ncVMAT provided better dose sparing in heart, bilateral lung, LAD and
right breast with no signi�cant difference for most OARs. In conclusion, ncVMAT has potential bene�ts of
increasing the local control in IMN and reducing the risk of toxicities in left-sided breast cancer.
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Figures

Figure 1

Illustration of 0˚ beam eye view (left) and the beam angle (right) for non-coplanar arc. (Colorwash: green--
PTVimn, brown-- heart)

Figure 2

Comparison of axial dose distribution between coVMAT (left) and ncVMAT (right) (Colorwash: Green—
PTVimn, Skyblue--PTVbreast; Contour: red--LAD, brown--heart)
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Figure 3

The dose volume histogram of PTV and selected OARs. (Solid line--coVMAT, dash line--ncVMAT)


