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Abstract
Automated treatment planning may decrease the effort required in planning and promote increased routine clinical use of 
intensity-modulated radiation therapy (IMRT) for many breast cancer patients. The aim of this study was to evaluate a new 
commercial automated planning software for tangential breast IMRT by comparing it with clinical plans from whole-breast 
irradiation. We prospectively enrolled 150 patients with Stage 0–1 breast cancer who underwent breast-conserving surgery 
at our institution between September 2016 and August 2017. Total doses of 42.56 Gy in 16 fractions (n = 98) or 50 Gy in 
25 fractions (n = 44) were used. All treatment plans were retrospectively re-planned using the automated breast planning 
(ABP) software. All automated plans generated clinically deliverable beam parameters with no patient body collision and 
no contralateral breast pass through. The mean homogeneity index of the automatically generated clinical target volume, 
percentage volume of lungs receiving dose more than 20 Gy, mean heart dose, and dose to the highest irradiated 2-cc vol-
umes of the irradiated volume were 0.077 ± 0.019, 4.2% ± 1.2%, 142 ± 69 cGy, and 105.8% ± 1.7% (prescribed dose: 100%), 
respectively. The mean planning time was 4.8 ± 1.4 min. The ABP software demonstrated high clinical acceptability and 
treatment planning cost efficiency for tangential breast IMRT. The ABP software may be useful for delivering high-quality 
treatment to a majority of patients with early-stage breast cancer.
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1  Introduction

Whole-breast irradiation (WBI) after breast-conserving 
surgery (BCS) is the standard for reducing local recur-
rence in patients with early-stage breast cancer [1–4]. More 
recently, intensity-modulated radiation therapy (IMRT) has 
been used to improve target dose homogeneity and reduce 
the organ at risk (OAR) dose in WBI. Several randomized 
studies have demonstrated that breast IMRT reduces acute 

toxicities relative to those of conventional radiation ther-
apy using a physical wedge technique [5–8]. These results 
suggest that breast IMRT for WBI should be implemented 
after BCS. However, more planning time and expertise are 
often required to implement breast IMRT than to implement 
conventional treatment techniques. Our institution already 
applies the forward-planned IMRT technique in all WBI 
patients; consequently, the planning time has increased. 
Hence, automated treatment planning may promote greater 
use of breast IMRT in routine clinical practice without 
increasing the burden on clinical staff.

Automated planning for breast IMRT has been imple-
mented in several institutions using in-house programs 
and/or their original scripting language for radiation treat-
ment planning systems, although there were differences in 
the modules and degree of automation [9–13]. Recently, 
commercial automated breast planning (ABP) software 
from RayStation (version 4.7.4.4; RaySearch Laborato-
ries, Stockholm, Sweden) was released. The ABP software 
was advertised as a fully automated solution that provided 
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segmentation of the relevant structures, localization of beam 
isocenters, determination of gantry and collimator angles, 
optimization of beam modulation, dose calculation, and plan 
reporting. However, the performance of commercial ABP 
software has not been reported for Asian patients. Moreo-
ver, previous studies of automated breast planning were per-
formed using 6 MV and 18 MV photons only for patients in 
North America [9, 11, 13].

The purpose of this study was to evaluate the ABP soft-
ware for Asian patients. Automated plans were generated 
using clinical CT images from WBI patients at our institu-
tion. Furthermore, the automated plans were compared with 
clinical treatment plans produced through standard manual 
planning in terms of beam parameters, dose–volume data, 
and planning time.

2 � Materials and methods

2.1 � Study population

We enrolled selected Stage 0–1 breast cancer patients 
who received BCS at our institution from September 2016 
to August 2017. A total of 150 Asian patients were pro-
spectively enrolled. The study protocol was approved by 
our institutional review board, and informed consent was 
obtained from all the patients before the computed tomogra-
phy (CT) simulation of radiation treatment planning because 
the ABP software of RayStation required specific CT acqui-
sition using radio-opaque markers and a radio-opaque wire. 
Eight patients were excluded from the analysis because 
they required a treatment course different from WBI (n = 6) 
or declined to participate in this study (n = 2). The clini-
cal treatment plans specified a total dose of 42.56 Gy in 16 
fractions (n = 98) or 50 Gy in 25 fractions (n = 44). A Var-
ian Clinac 21EX (Varian Medical Systems, Inc., Palo Alto, 
CA, USA) with an 80-leaf Millennium multileaf collimator 
(MLC) was selected as the treatment instrument for 4 MV 
X-ray plans (n = 128), and a Varian Clinac iX with a 120-
leaf Millennium MLC was selected for 6 MV plans (n = 14). 
Table 1 details the characteristics of the patient population 
and clinical plans. A total of 142 clinical plans were ret-
rospectively re-planned using the ABP software and same 
planning CT images.

2.2 � CT simulation

The CT simulations were performed assuming that ABP 
would be used. A Lightspeed RT16 CT scanner (GE Health-
care, Waukesha, WI, USA) was used to capture images at 
a slice thickness of 2.5 mm. The simulation was performed 
with a patient lying supine on a Wing Support (Engineer-
ing System Co., Ltd., Matsumoto, Nagano, Japan) with 

both arms raised above the head (Fig. 1). Four radio-opaque 
markers and a radio-opaque wire were placed on the patient 
as recommended by RaySearch Laboratories and described 
in the RayStation user manual [14].

2.3 � Clinical treatment planning

The RTPS Pinnacle3 (version 9.10, Philips Radiation Oncol-
ogy Systems, Fitchburg, WI, USA) was used for clinical 
treatment planning by three experienced breast radiation 
oncologists certified by the Japanese Society for Radiation 
Oncology (JASTRO). Forward-planned IMRT plans that 
comprised two tangential field-in-field (FIF) beams with a 
matched posterior by gantry-tilting technique without half-
beam technique were generated (Fig. 2). Lung and heart 
sparing were performed using MLC shielding without using 
collimator rotation (i.e., collimator rotation: 0 degrees).

Table 1   Characteristics of the 
patient population

BMI body mass index

Parameter n

Breast side
Right 74 (52%)
Left 68 (48%)
Age
≥ 70 5 (4%)
≥ 60, < 70 26 (18%)
≥ 50, < 60 36 (25%)
≥ 40, < 50 61 (43%)
≥ 30, < 40 13 (9%)
< 30 1 (1%)
Area
A 26 (18%)
B 8 (6%)
C 93 (65%)
D 11 (8%)
E 3 (2%)
C’ 1 (1%)
BMI
≥ 27.5, < 30 1 (1%)
≥ 25, < 27.5 13 (9%)
≥ 22.5, < 25 31 (22%)
≥ 20, < 22.5 52 (37%)
≥ 17.5, < 20 36 (26%)
≥ 15, < 17.5 7 (5%)
Prescription dose
42.56 Gy/16 fr. 98 (69%)
50 Gy/25 fr. 44 (31%)
X-ray energy
4 MV 128 (90%)
6 MV 14 (10%)
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The planner provided manual definitions of the mammary 
gland as the clinical target volume (CTV), lungs, and heart 
in accordance with the European Society for Radiotherapy 
and Oncology (ESTRO) consensus guidelines [15]. For dosi-
metric evaluation, the CTV for the evaluation (CTVeval) was 
defined as the volume of the CTV restricted to the tissue out-
side the first 5 mm of skin and lung–chest interface. A three-
dimensional 1-cm margin (posterior side: 5 mm) was added 
to the CTV to obtain the planning target volume (PTV). The 
beam isocenters was set at the center of PTV. A skin flash 

was performed by opening the X-JAW 2–3 cm from the skin 
to account for swelling of the breast or respiratory motion. 
The grid size for dose calculation was set to a constant value 
of 2 mm and an adaptive convolve algorithm with heteroge-
neity correction was performed. Reference point positions 
within CTV were optimized manually to accomplish ICRU 
62 recommendations regarding homogeneous target cover-
age (95–107% of the prescribed dose); coverage of the PTV 
by at least 90% of the prescription dose was encouraged 
[16]. However, the above criteria were not met in all patients 
because our facility had performed aggressive heart shield-
ing for the reduction of the heart dose in exchange for cover-
age of the PTV.

2.4 � Automated treatment planning

RayStation (version 4.7.4.4; RaySearch Laboratories, 
Stockholm, Sweden) ABP software was used. The software 
generates tangential breast or chest-wall IMRT plans using 
heuristic optimization [11]. Placement of the radio-opaque 
markers and radio-opaque wire during CT acquisition ena-
bles the algorithm to identify the breast or chest wall. First, 
automatic detection of the marker and wire is performed. 
Second, automatic segmentation is performed for the rel-
evant target and OARs (e.g., breast or chest wall, lung, heart, 
humeral head, and dummy structures for the optimization 
of gantry and collimator angles). Two opposed half-beams 
with a skin flash were generated and, then, optimization of 
gantry angles, collimator angles, beam weighting of each 
segments, and step-and-shoot segmentation was performed 
automatically. Figure 3 shows a typical IMRT plan generated 
by the RayStation ABP software.

Fig. 1   Example of CT simulation with four radio-opaque markers 
and a radio-opaque wire on the surface of the patient. SUP supe-
rior marker, INF inferior marker, LAT lateral marker, MED medial 
marker. A radio-opaque wire was placed around the breast tissue

Fig. 2   Left: Example of the typical MLC segments of a clinical plan from the point-of-view of the beam. Right: Example of the dose distribu-
tion in the clinical plan (left-sided WBI, prescription of 42.56 Gy/16 fr.)
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Fig. 3   Top: Example of the typical MLC segments of an automated plan from the point-of-view of the beam. Bottom: Example of the dose dis-
tribution in the automated plan (left-sided WBI, prescription of 42.56 Gy/16 fr.)
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Whole-breast and breast-coverage modes from the default 
planning parameters in the ABP settings were used [14]. 
The advanced settings of ABP software were not used (e.g., 
optional optimization of a manually defined cavity) in gener-
ating the plans. Manual definition of the marker position was 
not performed (i.e., automatic detection only), and the opti-
mization was not continued after generating the initial plans. 
Since this software automatically sets the isocenter from the 
imported CT images, the isocenter set during CT simulation 
cannot be applied for plan isocenter without manual point 
definition. The average dose (Daverage) prescription was per-
formed for an automatically generated clinical target volume 
(aCTV) for WBI at a normal setting of ABP software. The 
grid size for dose calculation was set to a constant value of 
2 mm. Collapsed cone convolution with heterogeneity cor-
rection was used as the dose calculation algorithm.

2.5 � Beam parameter comparison

Beam parameters were evaluated for their usefulness in clin-
ically possible geometric configurations (e.g., no collision 
with a patient or a treatment bed). For all clinical plans and 
automated plans, the beam parameters of isocenter location, 
gantry angle, collimator angle, and JAW size for each beam 
were recorded. The number of segments and total moni-
tor units (MUs) as well as the MUs of open segments were 
recorded for each plan.

2.6 � Dose–volume data comparison

Ninety percent of prescribed dose–volume overlap between 
clinical plans and automated plans was evaluated using the 
dice similarity coefficient (DSC) and Hausdorff distance 
using 3D Slicer software (version 4.6.0, http://www.slice​
r.org, [17]). Dose–volume data regarding the homogeneity 
index (HI) of CTV (CTVeval for clinical plans and aCTV for 
automated plans), percentage volume of manually defined 
lungs receiving dose greater than 20 Gy (V20 Gy), mean dose 
(Dmean) of the manually defined heart (left-sided breast 
only), and dose to the most highly irradiated 2 cc volumes 
(D2 cc) of the irradiated volume were recorded. HI was cal-
culated per the following equation from the ICRU 83 recom-
mendation [18]:

where Dx % is the absorbed dose received by x% of the vol-
ume. Manually defined structures (i.e., heart and lungs) 
were imported from each clinical plan that was contoured 
by three experienced breast radiation oncologists certified by 
JASTRO. In this dose–volume data comparison, manually 
defined OAR structures were dealt with as “gold standard,” 
although automated defined structures were generated by 
ABP software.

(1)HI =
(

D2% − D98%

)

∕D50%,

2.7 � Statistical analysis

Data were analyzed using R software (version 3.4.1, R Foun-
dation for Statistical Computing, Vienna, Austria). A paired 
t test was used for comparisons between clinical plans and 
automated plans, with P < 0.05 considered to be significant.

2.8 � Planning time

The planning time was recorded using a hand timer from 
the time of immediately importing CT images to the end of 
the plan evaluation of each plan by three experienced breast 
radiation oncologists certified by the JASTRO.

2.9 � Clinical acceptability

Automated plans were evaluated regarding clinical accept-
ability by three experienced breast radiation oncologists 
certified by JASTRO. Each of the plans was evaluated 
according to dose coverage and homogeneity to the target, 
dose of critical organs and presence or absence of hot spot 
in the irradiated volume from the view point of ICRU 62 
and 83 recommendations, ESTRO consensus guidelines, 
and American Society for Radiation Oncology (ASTRO) 
evidence-based guidelines [15, 16, 18, 19].

3 � Results

3.1 � Beam parameter comparison

The comparison between beam parameters of clinical 
and automated plans are shown in Table 2. For the gan-
try angle of the right-sided breasts in automated plans, 
the means ± standard deviations (range) of the medial 
and lateral beams were 55.3° ± 4.3° (42.0°–63.0°) and 
235.3° ± 4.3° (222.0°–243.0°), respectively. In the 
left-sided breast of automated plans, the gantry angles 
of the medial and lateral beams were 305.5° ± 4.8° 
(292.0°–316.0°) and 125.5° ± 4.7° (114.0°–136.0°), 
respectively. In all automated plans, the half-beams were 
generated with single isocenters as opposed to matched 
fields. Of the 284 beams in automated plans, most beams 
were generated with a collimator rotation of approximately 
8° to 9° (8.6° ± 3.5° [5.0°–20.0°]). The JAW sizes of the 
X and Y directions were 8.1 ± 1.0 cm (5.5–12.3 cm) and 
18.3 ± 1.6 cm (14.8–23.3 cm), respectively, for the 284 
beams in automated plans. For the isocenter location, most 
automated plans were generated within 1 cm of clinical 
plans except for the posterior-to-anterior direction (sup-
plemental data; appendix A). For the gantry angle, most 
automated plans were generated within 5° of clinical plans 
(supplemental data; appendix B). For the JAW opening, 

http://www.slicer.org
http://www.slicer.org
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most automated plans were approximately 2 cm smaller 
in the X direction and 1 cm larger in the Y direction than 
clinical plans (supplemental data; appendix C).

Most automated plans were generated with nine to ten 
segments (prescription of 42.56 Gy: 10.4 ± 1.5 [7.0–14.0]; 
prescription of 50 Gy: 9.0 ± 1.2 [6.0–12.0]), and total MUs 
approximately 10% larger than clinical plans (prescription 
of 42.56 Gy: 360.4 ± 11.1 [332.0–387.6]; prescription of 
50 Gy: 268.1 ± 8.5 [248.4–284.6]). Most of the beams in 
automated plans were generated with an open segment 
that was weighted to approximately 80% of the beam MUs 
(79.3% ± 3.3% [68.8%–88.5%]). All beam parameters had 
significant differences between clinical plans and auto-
mated plans except the MUs of open segments.

3.2 � Dose–volume data comparison

Figure 4 shows the distribution of DSC and Hausdorff dis-
tance regarding the 90% dose–volume between clinical plans 
and automated plans. DSC was 0.80–0.90 in most patients 
(0.84 ± 0.05 [0.70–0.93]). However, there were several 
patients with a maximum Hausdorff distance > 3 cm. The 
volume was not significantly different between clinical 
plans and automated plans (clinical plans: 684.8 ± 251.0 
cm3 [261.1–1401.7 cm3]; automated plans: 689.9 ± 261.1 
cm3 [243.1–2050.6 cm3; P = 0.674]).

Table 3 shows the analysis of dose–volume data for 
the target and relevant structures. The mean HI values 
of CTV for clinical plans and automated plans were 

Table 2   Comparison of beam parameters of the clinical plans and automated plans

Values are presented as the mean ± standard deviation [range]
MUs monitor units

Parameter n Clinical plans Automated plans p

Gantry angle
 Right-sided breast
  Medial beam 74 56.6 ± 4.0 [45.0–65.0] 55.3 ± 4.3 [42.0–63.0] < 0.001
  Lateral beam 74 232.8 ± 4.1 [221.0–241.0] 235.3 ± 4.3 [222.0–243.0] 0.002

 Left-sided breast
  Medial beam 68 304.0 ± 4.7 [293.0–315.0] 305.5 ± 4.8 [292.0–316.0] < 0.001
  Lateral beam 68 127.6 ± 4.9 [116.0–139.0] 125.5 ± 4.7 [114.0–136.0] < 0.001

Collimator angle
 Right-sided breast
  Medial beam 74 – −8.1 ± 3.3 [− 20.0–5.0] –
  Lateral beam 74 – 8.1 ± 3.3 [5.0–20.0] –

 Left-sided breast
  Medial beam 68 – 9.0 ± 3.6 [5.0–20.0] –
  Lateral beam 68 – −8.9 ± 3.7 [− 20.0–5.0] –

JAW opening (cm)
 Medial beam
  X-JAW 142 10.0 ± 1.1 [7.5–13.5] 8.1 ± 1.0 [5.5–12.3] < 0.001
  Y-JAW 142 17.3 ± 1.5 [14.5–21.0] 18.3 ± 1.6 [14.8–23.3] < 0.001

 Lateral beam
  X-JAW 142 10.0 ± 1.1 [7.5–13.7] 8.1 ± 1.0 [5.5–12.3] < 0.001
  Y-JAW 142 17.3 ± 1.5 [14.5–21.0] 18.3 ± 1.6 [14.8–23.3] < 0.001

Number of segments/plan
 42.56 Gy/16 fr. 98 4.7 ± 1.2 [2.0–10.0] 10.4 ± 1.5 [7.0–14.0] < 0.001
 50 Gy/25 fr. 44 4.4 ± 0.8 [3.0–6.0] 9.0 ± 1.2 [6.0–12.0] < 0.001

Total MUs/plan
 42.56 Gy/16 fr. 98 322.6 ± 12.9 [290.0–357.0] 360.4 ± 11.1 [332.0–387.6] < 0.001
 50 Gy/25 fr. 44 242.8 ± 9.1 [225.0–261.0] 268.1 ± 8.5 [248.4–284.6] < 0.001

MUs of open segment/beam
 42.56 Gy/16 fr. 196 142.8 ± 8.2 [115.9–162.6] 142.1 ± 4.4 [130.6–156.4] 0.329
 50 Gy/25 fr. 88 107.8 ± 4.9 [92.0–120.0] 107.1 ± 3.2 [99.3–115.9] 0.301

Weight of open segment/beam (%) 284 88.8 ± 4.8 [73.2–100.0] 79.3 ± 3.3 [68.8–88.5] < 0.001
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0.110 ± 0.031 and 0.078 ± 0.019, respectively, indicat-
ing that, on average, the CTV dose in automated plans 
was more homogeneous (P < 0.001). The V20Gy value for 
manually defined lungs of automated plans (prescription 
of 42.56 Gy: 4.2% ± 1.2% [1.3%–8.3%]; prescription of 
50 Gy: 4.3% ± 1.3% [2.0%–7.0%]) was significantly lower 
(P < 0.001) than the value in clinical plans (prescrip-
tion of 42.56 Gy: 5.1% ± 2.0% [0.7%–10.5%]; prescrip-
tion of 50 Gy: 6.0% ± 2.5% [1.5%–11.5%]). A signifi-
cantly higher Dmean value for the manually defined hearts 
(P < 0.001) was found with automated plans (prescription 
of 42.56 Gy: 141 ± 72 cGy [62–433 cGy]; prescription of 
50 Gy: 146 ± 64 cGy [66–291 cGy]) compared with that of 
the clinical plans (prescription of 42.56 Gy: 91 ± 21 cGy 
[58–143  cGy]; prescription of 50  Gy: 103 ± 21  cGy 
[69–151 cGy]). The differences between clinical plans and 
automated plans for D2 cc values of the irradiated volume 
were not found to be significant (prescription of 42.56 Gy: 
P = 0.548) or small (prescription of 50 Gy: P = 0.017).

3.3 � Planning time

The mean planning t ime of  automated plans 
(4.8  min ± 1.4  min [3.5  min–7.8  min]) was signifi-
cantly shorter (P < 0.001) than that of clinical plans 
(53.1 min ± 6.7 min [40.0 min–70.0 min]).

3.4 � Clinical acceptability

Table 4 shows the clinical acceptability of automated plans 
as evaluated by three experienced radiation oncologists; 
136 (95.8%) automated plans were deemed to be clini-
cally usable. Conversely, six (4.2%) automated plans were 
rejected due to the coverage of target volume (n = 2, 1.4%) 
or high heart dose (n = 4, 2.8%).

Fig. 4   Distribution of 90% 
dose-volume overlap between 
the clinical plans and auto-
mated plans (n = 142). a Dice 
similarity coefficient (DSC). b 
Maximum Hausdorff distance. 
c 95% Hausdorff distance. d 
Average Hausdorff distance
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4 � Discussion

This study confirmed that the RayStation ABP software gen-
erated clinically deliverable beam parameters in all plans. 
The automated plans using a half-beam technique located 
the isocenter on the posterior side of the patients compared 
with clinical plans using a gantry-tilting technique. Although 
there were significant differences between clinical plans and 
automated plans regarding all beam parameters, except the 
MUs of open segments, the tangential gantry angles of auto-
mated plans were generated within a range that is frequently 

used in clinical WBI without collision with the patient and 
without passing through the contralateral breast or treatment 
bed [20–22]. The collimator angles were selected to pro-
vide efficient shielding for the lungs without inefficient MLC 
sequences due to excessive rotation and without inefficient 
JAW sizes [9]. The Y-JAW opening of automated plans was 
increased from the opening of clinical plans; this was caused 
by ensuring target coverage even with the rotation of the 
collimators. Conversely, the X-JAW opening of automated 
plans was decreased from the opening of clinical plans. 
This may have been caused by ABP software systematically 

Table 3   Analysis of dose–
volume data for the target 
and relevant structures in the 
automated plans

Values are presented as the mean ± standard deviation [range]
D dose, HI homogeneity index, V volume

Parameter n Clinical plans Automated plans p

CTV
 D2 % (cGy)
  42.56 Gy/16 fr. 98 4493 ± 17 [4438–4527] 4432 ± 52 [4349–4527] < 0.001

(105.6 ± 0.4% [104.3–106.4]) (104.1 ± 1.2% [102.2–106.4])
  50 Gy/25 fr. 44 5278 ± 31 [5229–5419] 5197 ± 55 [5098–5343] < 0.001

(105.6 ± 0.6% [104.6–108.4]) (103.9 ± 1.1% [102.0–106.9])
 D50 % (cGy)
  42.56 Gy/16 fr. 98 4324 ± 44 [4216–4413] 4257 ± 16 [4245–4410] < 0.001

(101.6 ± 1.0% [99.1–103.7]) (100.0 ± 0.4% [99.7–103.6])
  50 Gy/25 fr. 44 5079 ± 63 [4910–5192] 5000 ± 4 [4994–5011] < 0.001

(101.6 ± 1.3% [98.2–103.8]) (100.0 ± 0.1% [99.9–100.2])
 D98 % (cGy)
  42.56 Gy/16 fr. 98 4013 ± 140 [3595–4218] 4099 ± 33 [3994–4156] < 0.001

(94.3 ± 3.3% [84.5–99.1]) (96.3 ± 0.8% [93.8–97.7])
  50 Gy/25 fr. 44 4736 ± 130 [4416–4938] 4823 ± 33 [4723–4880] < 0.001

(94.7 ± 2.6% [88.3–98.8]) (96.5 ± 0.7% [94.5–97.6])
 HI
  42.56 Gy/16 fr. 98 0.111 ± 0.033 [0.068–0.214] 0.078 ± 0.020 [0.047–0.132] < 0.001
  50 Gy/25 fr. 44 0.107 ± 0.025 [0.070–0.176] 0.075 ± 0.017 [0.044–0.121] < 0.001

Lung
 V20Gy (%)
  42.56 Gy/16 fr. 98 5.1 ± 2.0 [0.7–10.5] 4.2 ± 1.2 [1.3–8.3] < 0.001
  50 Gy/25 fr. 44 6.0 ± 2.5 [1.5–11.5] 4.3 ± 1.3 [2.0–7.0] < 0.001

Heart
 Dmean (cGy)
  42.56 Gy/16 fr. 49 91 ± 21 [58–143] 141 ± 72 [62–433] < 0.001
  50 Gy/25 fr. 19 103 ± 21 [69–151] 146 ± 64 [66–291] 0.006

 V25 Gy (%)
  42.56 Gy/16 fr. 49 0.1 ± 0.2 [0.0–0.7] 1.2 ± 1.4 [0.0–7.0] < 0.001
  50 Gy/25 fr. 19 0.1 ± 0.2 [0.0–0.9] 0.9 ± 1.0 [0.0–3.4] 0.002

Irradiated volume
 D2 CC (cGy)
  42.56 Gy/16 fr. 98 4518 ± 20 [4460–4624] 4514 ± 75 [4378–4706] 0.548

(106.2 ± 0.5% [104.8–108.6]) (106.1 ± 1.8% [102.9–110.6])
  50 Gy/25 fr. 44 5307 ± 30 [5252–5424] 5277 ± 81 [5126–5471] 0.017

(106.1 ± 0.6% [105.0–108.5]) (105.5 ± 1.6% [102.5–109.4])
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performing a skin flash by opening the X-JAW 2 cm from the 
skin without variation due to manual selection performed by 
the planners. The number of segments and total MUs that the 
automated plans used were the same as those used in a pre-
vious study [11]. Most of the open segments of automated 
plans were generated with a similar MU to that of clinical 
plans. Moreover, several previous studies mentioned that the 
weight of the open segment, like in this study, may provide 
a highly robust plan to account for uncertainty in the patient 
setup and respiratory motion [23, 24]. The RayStation ABP 
software is based on the Pinnacle3 (Philips Radiation Oncol-
ogy Systems, Fitchburg, WI, USA) original language and 
Python scripting that was developed using a subset of ana-
lyzed clinical plans at Princess Margaret Hospital for the 
patients in North America [11]. Consequently, the software’s 
heuristic approach demonstrated clinical utility even when 
the software platform was changed to RayStation and has 
been applied to Asian patients.

Dose–volume data were evaluated for the 90% dose–vol-
ume overlap, target, and OARs between clinical plans and 
automated plans. The DSC and volume of the 90% dose–vol-
ume showed good agreement between clinical plans and 
automated plans, although the Hausdorff distance showed 
a local deviation caused by the presence or absence of col-
limator rotation. The target dose was more homogeneous 
for automated plans than for clinical plans because of the 
intensity modulation when using a smaller size of segmenta-
tion and a larger number of segments. The mean dose homo-
geneity of CTV was 7.7% for automated plans, which was 
similar to that of a previous report for the tangential breast 
IMRT technique, even when the beam energy was 4 MV 
and the beam modifier was an 80-leaf Millennium MLC for 
Asian patients [11]. The mean maximum dose using D2cc 
was approximately 104% at the CTV and approximately 

106% at the irradiated volume (prescribed dose: 100%) in 
automated plans. Since a high dose > 105% of the prescrip-
tion dose at the irradiated volume was not observed in the 
breast tissue or OARs in most plans, the plan would be clini-
cally acceptable [19]. The lung dose was evaluated using the 
V20Gy value for lungs, and the dose for automated plans was 
significantly smaller than that for clinical plans. Although 
the lung dose was evaluated ipsilaterally in a previous study, 
the V20Gy of the lungs in our study appeared to be similar 
and the dose levels were acceptable [11, 25]. In particular, 
half-beam blocking and collimator rotation were available 
to provide effective shielding of the lungs due to the lower 
transmission of the JAW collimator than that of the MLC. 
The heart doses were evaluated using the Dmean, with a mean 
value of approximately 142 cGy for automated plans. The 
heart dose in automated plans was significantly higher than 
that in clinical plans at our institution. We consider that the 
difference in the heart dose between automated plans and 
clinical plans was caused by aggressive heart shielding in 
exchange for coverage of the PTV at our facility. Recently, 
heart doses from modern breast radiation therapy have been 
reported in several studies [26–28]. According to a report 
from CW Taylor et al., the mean heart doses in left tan-
gential breast cancer radiation therapy were 320–350 cGy 
in Japan [26]. Furthermore, Pierce et al. reported that the 
mean heart dose in a recent study of irradiation technique 
was 165 cGy at 20 sites in the United States [28]. Therefore, 
the heart dose in the automated plan of the present study will 
be clinically applicable in most cases. However, the Dmean 
of the heart was > 200 cGy in three (2.1%) automated plans 
(213 cGy, 238 cGy, and 433 cGy). In such cases, manual 
definition of the marker position could adjust the plan to 
provide the optimum beam edge position and gantry angle 
for heart sparing.

Most automated plans (> 95%) were deemed clinically 
acceptable by the radiation oncologists, with the opinion 
that the plans had better dose distribution for the target and 
OARs. Six automated plans were rejected due to the cov-
erage of target volume or high heart dose. As previously 
mentioned, those rejected plans seem likely to improve 
to acceptable plans by manual definition of the marker 
position for suitable gantry angle and JAW opening. The 
planning time when using the ABP software was approxi-
mately 5 min from the importing of the CT images to the 
end of the plan evaluation by a planner. In most cases, the 
automatic sequence of plan generation (i.e., segmentation 
of relevant structures, placement of beams, optimization 
of beams, dose calculation) was performed in 3.5 min. 
Generally, a tangential breast IMRT plan requires approxi-
mately 60 min of manual planning to be performed in the 
same manner as that in our institutions [9, 29]. Recently, 
the number of patients with early-stage breast cancer has 
increased worldwide [30, 31]. Therefore, the number and 

Table 4   Clinical acceptability of automated plans

Dmean, mean dose

Parameter n

Clinically acceptable 136 (95.8%)
 Comment of radiation oncologist
 Excellent 95 (66.9%)
 Average 40 (28.2%)
 Poor 1 (0.7%)

Clinically unacceptable 6 (4.2%)
 Reason of clinically unacceptable
 Plan 43: Coverage of target volume (medial side)
 Plan 52: Heart dose (Dmean of heart: 198 cGy)
 Plan 64: Coverage of target volume (medial side)
 Plan 68: Heart dose (Dmean of heart: 238 cGy)
 Plan 112: Heart dose (Dmean of heart: 433 cGy)
 Plan 118: Heart dose (Dmean of heart: 213 cGy)
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rate of breast treatments have grown in radiation oncol-
ogy departments [31, 32]. ABP software could dramati-
cally decrease the planning time and improve planning 
efficiency for clinical sites that have a large number of 
breast cancer patients (e.g., saving ≥ 300 h per year in our 
institution).

This study evaluated the ABP software using a clinical 
CT data set from WBI. However, the actual dose delivery 
to patients was not performed. Additionally, the “chest 
wall” planning setting of the ABP software for post-mas-
tectomy radiation therapy (PMRT) was not validated. The 
ABP software forces collimator rotation in all beams and 
a supraclavicular field for PMRT is not generated. It is 
notable that this version (v4.7.4.4) of the ABP software 
does not correspond to the clinical requirement of creating 
a single isocenter PMRT plan with a supraclavicular field 
using half-beam matching.

5 � Conclusion

We performed the first evaluation of a new commercial 
ABP software for tangential breast IMRT by comparing it 
with clinical treatment plans. We found that the RaySta-
tion ABP software generated clinically usable WBI plans 
for Asian patients. The beams of the automated plans were 
generated with no collision with the patient, no passing 
through the contralateral breast, and with high robustness 
to accommodate the uncertainty in patient setup. The dose 
homogeneity of the target was satisfactory, and the OAR 
dose level was acceptable. The time cost of planning was 
dramatically improved. Use of the RayStation ABP soft-
ware may enable high-quality WBI using tangential IMRT 
technique for a large number of patients.
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