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Introduction. This study is aimed at evaluating the dosimetric differences among target segmented planning (TSP),
conventional 9-field intensity modulated radiation therapy (9FIMRT) planning, and volumetric modulated arc therapy
(VMAT) planning for postmastectomy radiotherapy of left-sided breast cancer patients. Material and Methods. Fifteen left-sided
breast cancer patients who underwent radical mastectomy were enrolled. In TSP, the planning target volume (PTV) was divided
into four regions (supra/infraclavicular, chest wall, external mammary region, and internal mammary region), and each
individual PTV region was treated with respective fixed fields. Results. The VMAT plans showed superior to PTV dose
conformity index (CI), homogeneity index (HI), protection of the ipsilateral lung, monitor units (MUs), and maximum dose
(Dnay) to the contralateral breast compared with TSP and 9FIMRT plans. The TSP provided better protection for D, ., of the
heart and left ventricle (p <0.05). A dose for left anterior descending artery from the three techniques had no significant
difference. Compared with the 9FIMRT plans, the Vg, (%) and Vo, (%) for the ipsilateral lung were significantly reduced
with TSP and VMAT (p < 0.05). The Viay (%) and Vioay (%) for the ipsilateral lung turned out to be similar between VMAT
and TSP techniques. Conclusions. Our study indicates that VMAT should be a better choice of radiotherapy for left-sided breast
cancer patients after radical mastectomy. If VMAT is unavailable, 9FIMRT can achieve better CI and HI values and be more
MU-eflicient compared with TSP; however, TSP can effectively reduce the low dose volume of the ipsilateral lungs and heart.

1. Introduction

Breast cancer is the most common cancer in females world-
wide [1]. Radiotherapy after radical mastectomy is an impor-
tant treatment modality for the patients with advanced breast
cancer, which can significantly reduce the recurrence rate
and improve the survival rate [2-4]. Due to individual ana-
tomical variation, we sometimes see breast cancer patients
with a large chest wall curvature (e.g., Figure 1), which in
our clinic was quantified with the maximum distance
between PTV’s tangent and the outermost of the ipsilateral

lung being more than 3 cm (e.g., Figure 1). The shape of the
irradiation target is irregular, concave, and very patient-
specific. Meanwhile, the adjacent organs at risk (OARs)
including the ipsilateral lung and heart make planning
difficult for patients. At present, the main methods of
postoperative radiotherapy for patients with advanced breast
cancer include three-dimensional conformal radiotherapy
(3DCRT), intensity modulated radiotherapy (IMRT), volu-
metric modulated arc therapy (VMAT), and the combination
of 3DCRT and IMRT [5-9]. The selection of the optimal
radiation-delivery technique remains a critical component
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FIGURE 1: Targets segmental setting of TSP in an axial view of CT. Abbreviations: PTV-CW: chest wall region of PTV (blue); PTV-IM:
internal mammary nodes region of PTV (red); PTV-EB: external breast region of PTV (green).

to individualize the breast cancer treatment, which requires
adequate dose coverage as well as OARs sparing for each
patient’s unique anatomy. Compared to IMRT/VMAT plans,
3DCRT plans tend to have inferior targets coverage, poorer
dose conformity, and higher volume of 20 Gy irradiation
[10]. The IMRT and VMAT techniques for treating chest
wall and regional nodes as a whole PTV after modified radi-
cal mastectomy have proven beneficial [5, 6, 9], such as better
dose conformity and homogeneity. Compared with the
IMRT, VMAT can significantly reduce the treatment time
and monitor units while meeting the clinical requirements
[5]. However, the application of VMAT technology in China
needs to be improved [11]. The prevalent treatment technol-
ogy for breast cancer in many Chinese hospitals is still IMRT,
and the traditional plan setting of 9-field IMRT (9FIMRT)
may end up with higher low dose volume inside OARs (ipsi-
lateral lung and heart). In this study, we compared and eval-
uated the TSP, 9FIMRT, and VMAT techniques for selected
left-sided breast cancer patients after radical mastectomy.

2. Methods

2.1. Ethics Statement. Ethics approval of this case report was
granted by the Institutional Ethics Review Board of Renmin
Hospital of Wuhan University. A written informed consent
was obtained from the patient for publication of this case
report and any accompanying images. Institutional approval
was not required to publish this manuscript.

2.2. Patient Enrollment. A total of 15 breast cancer patients
after radical mastectomy were enrolled into this dosimetric
planning study. The enrolled patient age ranges from 35 to
66 years old. All the selected patients had radical mastectomy
(T3-4 and/or metastatic axillary lymph nodes > 3). The treat-
ment target includes the ipsilateral chest wall, supra/infracla-
vicular, partial axillary lymph nodes at high risk, and internal

mammary nodes (IMN). All the patients have barrel-shaped
chest or large anterior chest wall curvature, ie., the maxi-
mum distance of PTV’s tangent to the outermost side of
the affected lung is more than 3 cm. Figure 1 shows an exem-
plary patient axial CT image with this anatomic feature.

2.3. CT Simulation and CTV/PTV, PRV-OARs Generated. All
patients were placed head first and supine position on carbon
fiber immobilization board and vacuum bag (Klarity Corpo-
ration, Guangzhou, China), with hands holding the respec-
tive ipsilateral pole overhead and head turning to the
contralateral side. A planning CT scan of 5-mm slice thick-
ness and then reconstructed into 3 mm slice thickness from
midneck to diaphragm without contrast enhancement was
obtained for each patient using a GE-HiSpeed CT simulator
(GE Healthcare, USA). During simulation, 1cm thick
tissue-equivalent bolus (position recorded by marker pen)
was placed on the patient’s chest wall to enhance the skin
dose. Physicians could discontinue the use of bolus at any
time according to the skin reaction during radiotherapy, and
the updated plan without bolus will be generated. In this study,
the boluses of all patients were used throughout the course of
treatment without interruption. CTV and OARs (lung, heart,
spinal cord, contralateral breast, and humeral heads) were
delineated by one specialized radiation oncologist according
to the Breast Cancer Atlas [12] of the Radiation Therapy
Oncology Group (RTOG). Because of uncertainties and varia-
tion in the position of the OAR during treatment, the PRV
contours of all the involved OARs were outlined by the same
specialized radiation oncologist. According to different OARs,
PRV-OARs were added a 1 to 3mm expansion in all
directions around the OARs. Considering the systematic and
random setup errors in the treatment process in our depart-
ment, the planning target volume (PTV) was generated from
CTV with uniform 5mm margin, taking into account the
effect of respiratory movement. Zhang et al. [13] evaluated
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the intrafraction motion of the chest wall and found that the
maximum displacement was around 3 mm. We used 4DCT
to observe the range of motion of the chest wall and found
similar results, so we take PTV + 5mm in the anterior direc-
tion as the optimized target structure. This will enable the
end of MLC to cover the respiratory movement, so-called
“skin flash,” and keep the PTV 3mm away from the bolus
included body contour. CT images and contours were trans-
ferred to the Philip TPS (Pinnacle®™ v9.10). All plans were
generated from Pinnacle system.

2.4. TSP Definition and Planning

2.4.1. TSP Definition. In TSP, PTV was divided into four
regions: supra/infraclavicular region (PTV-SC), internal
mammary nodes region (PTV-IM), chest wall region (PTV-
CW), and external breast region (PTV-EB) as shown in
Figure 1. The definition of PTV-SC is the same as that of
RTOG Breast Cancer Atlas [11]. The other three regions are
determined by dividing PTV with two lines in each axial slice.
The first line is a vertical line tangential to the most lateral edge
of the ipsilateral lung. The second line passes through the
internal mammary artery 7-10mm lateral to the midline in
the anterior-posterior direction (AP), and the angle between
this line and AP direction was approximately 10° to 20
depending on patient anatomy. These two lines divide the
original PTV (excluding PTV-SC) into PTV-IM (medial),
PTV-CW (intermediate), and PTV-EB (lateral). The bound-
aries of the four segments are described in Table 1.

2.4.2. TSP Planning. TSP uses 9 IMRT fields with single iso-
center at the center of mass of the PTV showed in Figure 2.
A single isocenter could avoid the possible intrafractional
deviation and field matching complexity caused by multiple
isocenter treatment. The beam angles of the two fields for
PTV-SC were arranged to avoid the spinal cord and the
humeral head with half-beam block inferiorly (Figure 2(a)).
Two half-beam tangential fields are used for PTV-CW. We
recommend that, in each axial view, the line of intersection
of the two lines and the chest wall has no overlap with the
contralateral breast, and the maximum distance to the outer-
most side of the affected lung was less than 2 cm. Then one
field is used for PTV-IM with beam angled about 100° to
avoid heart tissue as much as possible. Two half-beam fields
are used for PTV-EB by setting the beam angles to keep them
from lung tissue as far as possible. The other two fields are
added to increase the PTV dose homogeneity and confor-
mity. The jaw of every field was set to fit each region (PTV-
CW, IM, and EB) as shown in Figure 2(b), and the overlap
distance of jaws in the superior-inferior direction were about
1-2 cm from our planning experience, to avoid the hot or cold
dose points near the segmented regions. The collimator angle
is set so that the MLC moves perpendicular to the long axis of
the segmented target.

2.4.3. 9FIMRT Planning. Conventional IMRT plan had the
same number of fields as TSP in order to reduce the deviation
caused by different number of fields. Each conventional
IMRT plan uses the same isocenter as its corresponding
TSP and employs totally 9 coplanar irradiation fields among

which two were tangential fields with coincident lower field
edges using half-field technique. Based on these two tangen-
tial fields, three more fields were added with gantry angles
increased every 10° from the medial tangential beam toward
anterior direction, another three fields every 10° from the lat-
eral tangential beam towards anterior direction and 0° beam.
The jaws of all fields were fixed to fit the whole PTV instead
of to each individual the segmental region, and the collimator
angle was set to have the MLC move perpendicularly to the
long axis of the PTV.

Direct machine parameter optimization (DMPO) was
applied to optimize TSP and 9FIMRT plans, and jaw motion
was not allowed. The max iterations were 100, and the convo-
lution dose iteration was 40. The minimum field size and
monitor unite of subfield were restricted as 5cm® and
5MU, respectively. The two plans were delivered using step
and shoot technique with a dose rate of 600 MU/min.

2.5. VMAT Planning. The VMAT plans were consisted of
two arcs rotating from 290-310 to 160-180 degrees and
reversely with collimator setting of 15 degrees. The VMAT
plans were generated by the same planner on the same target
and assistant contours in Pinnacle®® system (v 9.10). The
optimization was Smart Arc, and dose distribution was calcu-
lated with convoluted collapsed cone algorithm with 3 mm
dose grid resolution and 4° control point spacing. The jaw
tracking function was activated.

2.6. Plan Optimization and Dose criteria [10, 14]. In TSPs, all
segmental targets were given the same objectives and coopti-
mized together. All plans were normalized so that Dy of the
PTV =50 Gy and shared the same optimization objectives of
dose volume histogram (DVH) as follows:

(1) PTV: Vipg, = 95%, Visg, < 15%, Vi s, < 5%, and
Vaz 56y 2 98%

(2) OARs:
(a) Ipsilateral lung: D, <15Gy, Vsg, <60%,

Viogy <40%, Ve, < 30%, and Vg, < 20%
(b) Contralateral lung: Vg, <20%.

(c) Contralateral breast: D
3Gy

(d) Spinal cord: D, <45 Gy

40 Gy and D

max S mean S

(e) Humeral head: D, <50 Gy

(f) Heart: D
5%

8 Gy, Viogy < 10%, and Vg, <

mean <

2.7. PTV and OARs Dose Comparison among TSP, 9FIMRT,
and VMAT Plans. The PTV evaluation mainly used homoge-
neity index (HI) and conformity index (CI). We used the HI
proposed in ICRU-83 [15]:

HI = (DZ_D98)
D

P

) (1)
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FIGURE 2: (a) Beam view of PTV-SC and PTV. (b) Beam view of the PTV exclude the PTV-SC. Abbreviations: Beam of PTV: cyan; Beam of
PTV-SC: orange; Beam of PTV-IM: red; Beam of PTV-CW: blue; Beam of PTV-EB: green.

TaBLE 2: PTV dose parameters of three plans in left-sided breast cancer patients with postmastectomy (x + s).

Technique No. D,,, (Gy) Dygo, (Gy) D, ean (GY) HI CI MU DT (min)
TSP 15 58.41+1.37  48.25+041  54.14+0.78  0.20+0.03 0.69 +0.02 933 +120 6.14 +0.41
9FIMRT 15 57.38+1.14* 48.77+£0.52** 53.62+0.61** 0.17+0.03**  0.75+0.03* 810 + 129* 6.04 +0.39*
VMAT 15 56.64+0.63°* 48.84+0.41° 53.52+0.54>* 0.16+0.02°* 0.79 £0.02°* * 639+ 120 <* 2.87 +0.80°* *

Abbreviations: a: 9FIMRT vs. TSP; b: VMAT vs. TSP; c: VMAT vs. 9FIMRT; #p < 0.05; TSP: target segmented planning; 9FIMRT: 9 fields IMRT; VMAT:

volumetric modulated arc therapy; DT: delivery time.

where D, and Dy represent the dose received by 2% and 98%
volume of PTV, respectively, and D,, is the prescription dose.
The CI is defined as [16]

2
Cl= M, (2)
TV X Vg

where TV, is the PTV volume covered by the prescription
dose, TV is the PTV volume, and Vy; is the total volume cov-
ered by the prescription dose. Meanwhile, the following
parameters of the two planning techniques were compared:

(1) for PTV: D,y,, Dygy,, and D
(2) for OARs:

(a) for ipsilateral lung: Vi, Viggy Vaogy Vioay
and D

mean

mean

(b) for heart: D, Vsgy Vieay Vaogy Vioay
D,..., LV, and LAD

(c) for contralateral breast: D and D,

mean

(d) for spinal cord: D,
(e) for left humeral head: D

mean

2.8. Statistical Analysis. The results were represented as
mean + standard deviation (SD). The nonparametric Fried-
man test was used to compare the three plans, and the non-
parametric Wilcoxon signed rank test was selected for the
comparison between two plans by SPSS 19.0 software (IBM

Corp., Armonk, NY, USA); the p-value less than 0.05 was
considered statistically significant.

3. Results

3.1. PTV Dose Parameters Comparisons. We have summa-
rized the dosimetric results of PTV in Table 2. The average
and standard deviation of the volume of PTV was 958 +
101 cm’. The VMAT plans showed higher CI of PTV than
9FIMRT and TSP plans (0.79 £ 0.02 [VMAT] vs. 0.75 +
0.03 [9FIMRT] vs. 0.69 £ 0.02 [TSP], p < 0.05). Compared
with TSP and 9FIMRT, the VMAT plans had the least MU
(639 + 120 [VMAT] vs. 810 +£ 129 [9FIMRT] vs. 933 + 120
[TSP], p<0.05) and shorter delivery time (2.87 +0.80
[VMAT] vs. 6.04+0.39 [9FIMRT] vs. 6.14 +0.41 [TSP],
p <0.05). The HI difference between 9FIMRT and VMAT
plans was not statistically significant in this study (p > 0.05),
and the TSP got worse HI values than 9FIMRT and VMAT
(0.20 £ 0.03 [TSP] vs. 0.17 + 0.03 [9FIMRT] vs. 0.16 + 0.02
[VMAT], p < 0.05).

3.2. OARs Dose Parameters Comparisons. Table 3 listed the
detailed comparisons of dose parameters of PRVs of the
lungs, heart, contralateral breast, spinal cord, and left
humeral head for the patients using TSP, 9FIMRT, and
VMAT plans.

3.2.1. Ipsilateral Lung Dose Comparison. Compared with
9FIMRT plans, except Vaogy (%) (28.45+2.36 [TSP] wvs.
28.78 +2.66 [9FIMRT], p > 0.05), the VMAT and TSP plans
had significantly reduced the Vg, Vy4g,, and D,,,, for the
ipsilateral lung (p <0.05). Both VMAT and TSP plans
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FIGURE 3: Average dose-volume histogram (DVH) comparison for the ipsilateral lung and heart.

showed similar protection to the ipsilateral lung with respect
to its Vs, and V,g,. However, VMAT plans had lower
Vaogy Viogy and Vg, than those of TSP and 9FIMRT
plans (p < 0.05). Figure 3 shows the average DVH parame-
ters. The VMAT plans significantly reduced dose irradiation
volume in the ipsilateral lung.

3.2.2. Heart Dose Comparison. The Vg (%), Vigg, (%),
Vaogy (%), Vigy (%), and D, (Gy) of the left ventricle
(LV), left anterior descending artery (LAD), and whole heart
dose comparison among three techniques were shown in
Table 2, respectively. The low-dose irradiated area (Vsg,»
Viogy and Vi) and D, for the heart were significantly
reduced with TSP plans (p < 0.05), and the average DVH of
the heart was shown in Figure 3. There was no statistical dif-
ference in D, of LAD in the three techniques in our study
(p > 0.05). However, the D, of LV in TSP was significantly
lower than that in 9FIMRT and VMAT (8.05 + 4.21 [TSP] vs.
12.78 + 4.52 [9FIMRT] vs. 9.91 £ 2.86 [VMAT], p < 0.05).

3.2.3. Others OARs Dose Comparison. D, (Gy) to contra-
lateral breast was similar among the three planning
techniques (2.91+1.79 [TSP] vs. 3.54+1.48 [9FIMRT]
vs. 3.11£0.28 [VMAT]). However, the 9FIMRT got rela-
tively higher D_ ., than TSP plans (p < 0.05, respectively).
In our study, we found the VMAT technique performed
the best for the protection of D, (Gy) to the contralat-
eral breast (7.39+2.61 [VMAT] vs. 23.45+13.5
[9FIMRT] vs. 28.07 £ 16.46 [TSP], p < 0.05). The dosimet-
ric parameters of spinal cord and left humeral head were
all within our safe dose criteria.

4. Discussion

In our study, all plans met the target coverage and the hot
spot dose limit of PTV (V56, < 15% and Vs; 56, < 5%), and
we found that the TSP showed worse CI and HI compared
with VMAT and 9FIMRT. However, TSP showed better

protection of the volumes of low dose in the heart and
ipsilateral lung as shown in Figure 4. In patients after
breast-conserving surgery, conformal radiotherapy (CRT)
combined with IMRT can effectively reduce V., and
Viggy of the affected lungs in clinics [17]. Nevertheless,
for most patients undergoing radical mastectomy, confor-
mal radiotherapy combined with IMRT technique may
result in large Vg, in the lung of the affected side and
therefore should be avoided if possible. Especially in the
case of IMN-involved target, with the increase of the dis-
tance from axillary line, the entire target becomes more
concave, which greatly increases the difficulty of treatment
planning. In this study, the average DVH’s parameters of
the ipsilateral lungs and heart were shown in Figure 3,
which indicated that the TSPs have a better protection to
the ipsilateral lungs and heart compared with 9FIMRT.
We believe that in the radiotherapy for the left-sided
breast cancer patients, the limited reduction of target dose
homogeneity is a worthwhile trade-off for smaller low dose
volumes in the heart and ipsilateral lung [18].
Radiation-induced pneumonitis risk is an important
radiotherapy complication in breast cancer patients after
radiotherapy [19, 20]. Dosimetry parameters influencing
the radiation induced pneumonitis risk conventionally
include Vi, Viggy» and Vi, However, it is still controver-
sial which one(s) is a better predictor. Caudell et al. [17] and
Gopal et al. [21] concluded that there is a positive correlation
between V., and the radiation-induced pneumonitis risk
in the affected lung. Willner et al. [22] suggested that the inci-
dence of radiation induced pneumonitis increased by 10% for
every 10% increase in V. Yorke et al. [23] proposed that
Vsgy and Vi, of the affected lung may be effective predic-
tors of radiation-induced lung injury. In this study, all low
dose parameters of ipsilateral lung (including D, ., V1o,
and V) are significantly smaller in VMAT and TSP plans
compared with those in the corresponding 9FIMRT plans.
The VMAT and TSP can significantly reduce the low radia-
tion dose and volume of the affected side of the lung while



VMAT

BioMed Research International

TSP: Medium solid
VMAT: Medium dashed
9FIMRT:Thin solid
PRV-lung-L: Purple
PRV-heart: Brown
PRV-lung-R: Green

PTV: Blue
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FIGURE 4: Dose distribution and DVH of three plan techniques.

ensuring sufficient irradiation to the target area, which may
reduce the incidence of radiation-induced lung injury.

With the advancement of technology, VMAT has been
gaining popularity in radiation therapy. The number of
accelerators per million people in China is much lower than
the average level in developed countries [11]. Higher
efficiency treatment technique could benefit more cancer
patients in China, on the premise of ensuring the quality of
treatment. Therefore, the implementation rate of VMAT
technology in China needs to be improved. Some studies
compared VMAT and other techniques for the radiation
therapy after radical resection of breast cancer. For example,
Lai et al. [10] compared 3DCRT with three VMATS planning
techniques (conventional VMAT, modified VMAT, and
modified VMAT using FFF beams) and found that the
modified VMAT using FFF beams could result in the highest
ipsilateral lung’s Vg, (70.3 £5.8%). Zhang et al. [13] com-
pared the step and shoot IMRT with the conventional
VMAT, and their results show that VMAT is superior to
static IMRT regarding the dosimetric parameters for both
PTV and OARs which could be related to the beam gantry
angle combination, i.e., 300°, 0°, 40°, 80°, and 110°. Ma
et al. [5] also compared the 3DCRT with field-in-field
technique (3DCRT-FinF), 5-field IMRT, and 2-partial-arc
VMAT. The Vg, Viogy and Vg, of 5-field IMRT plans
and 2VMAT plans were 52.53 +7.65% vs. 70.36 + 8.84%,
36.89+7.75% vs. 51.67+8.72%, and 27.77 +7.08% vs.
34.08 +7.16%, respectively. The 5-field IMRT plans per-
formed better than 2-partial-arc VMAT plans. The use of
VMAT by Lai et al. [10] resulted in a smaller volume of

high dose in the lung (V,,) but larger lung volume with
low dose (Vsg,). In contrast, Ma et al. [5] used static 5-
field IMRT techniques achieved smaller low dose volumes
(e, Vsgy and Vi) but larger high dose volume (V).
Ma et al. [5] also found that 3DCRT-FinF technique had
similar dosimetric result for ipsilateral lung compared to
our study. Nevertheless, their 3DCRT-FinF plans got inad-
equate targets coverage (Vgs,, was 78.23 +4.25%) and
poor dose conformity (CI was 0.27 +0.07). In our study,
VMAT plans had the best CI and HI values, the superior
protection to the ipsilateral lungs and lower D, .. of con-
tralateral breast. Meanwhile, TSP got the best protection to
the heart. In summary, there is no standard radiotherapy
treatment planning technique for breast cancer after radi-
cal mastectomy yet, and diverse choices employing differ-
ent technologies are available.

Breast cancer radiotherapy has an impact on the con-
tralateral breast as well. Popescu et al. [24] used Rapi-
dArc® technique and reported that the contralateral
breast D_.., less than 3.2Gy, which could significantly
reduce the risk of secondary carcinogenesis caused by
radiation therapy, especially for young female patient.
For all the plans created in this study, the D, of contra-
lateral breast is close to that reported by Popescu et al.
[24] (2.91+1.79Gy [TSP], 3.54+1.48Gy [9FIMRT] vs.
3.11+0.28 Gy [VMAT]). Moreover, VMAT plans had
the lowest D, of contralateral breast.

Darby et al. [25] reported a linear relationship between
ischemic heart disease and D, to the heart. The incidence
of coronary events increased by 7.4% per Gray mean dose to
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the heart relatively. Except for Vg, the TSP showed lower
dosimetric results of the heart than VMAT and 9FIMRT.
D,c.n of the heart dropped from 9.92 + 2.76 Gy for 9FIMRT
and 9.31 £1.62Gy for VMAT to 5.39+2.45Gy for TSP
(p <0.05). The dose of the left anterior descending artery
and left ventricle was generally greater than the dose to the
whole heart during the radiation treatment course. Taylor
et al. [26] found an increase in myocardial perfusion defects
in the region supplied by the left anterior descending artery
6 months after it was irradiated. The data of Kaidar-Person
et al. [27] suggested that irradiation of the left ventricle can
result in early post-RT perfusion defects and there appeared
to be a strong dose/volume dependence to the risk. In our
study, three techniques showed similar mean dose of left
anterior descending artery (p >0.05). The D, of the left
ventricle for TSPs was smaller than the others (p < 0.05). It
seems that the TSP technique has the potential to reduce
the incidence of ischemic heart disease caused by radiother-
apy by bringing down the D, ., of the heart and LV.

Fewer beam delivery time and MUs can reduce the risk of
patient intrafraction motion as well as the scattered dose to
the patients, which subsequently mitigate the probability of
long-term secondary carcinogenesis in patients [28]. We
used Arccheck (Sun Nuclear Corp., Melbourne, FL, USA)
in QA mode to record delivery time of different techniques
and noticed that the VMAT has a big advantage compared
with the other two techniques with regard to total MUs and
delivery time, which is only about 68% (MUs) and 46%
(DT) of those of TSP. Although the number of total MUs
and DT of TSP is the largest, there was a little difference in
the absolute values compared with 9FIMRT.

5. Conclusions

In summary, the VMAT technique in this study demon-
strated the superior dose conformity and homogeneity to
the 9FIMRT and TSP while ensuring enough prescribed dose
to the target of radiation therapy. It also significantly reduce
the risk of complication of the ipsilateral lung and contralat-
eral breast with lower dose radiation exposure for breast can-
cer patients. Although there are some disadvantages in the
CI, HI, and MU for TSPs, it greatly reduces the dose of the
ipsilateral lung and heart, especially the mean dose of the
heart and left ventricle. We recommend that TSP is more
worthy of clinical choice than 9FIMRT in the absence of
VMAT.
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