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Abstract: Objective: By comparing the target dose distribution with or without the robust optimization, the dosimetric 
advantages of robust optimization and flattening filter free (FFF) in radiation therapy for postmastectomy cancer 
of the left breast was explored when part of the chest wall target was moved out in case of respiratory motion. 
Materials and methods: This is a retrospective study. The data of 21 postmastectomy patients with cancer of the  
left breast from 2019 to 2020 were retrospectively collected. The planned target volume (PTV) dose was prescribed 
50 Gy/25 fractions and the treatment plans were designed using 6 MV FFF X ray and volumetric modulated arc 
therapy (VMAT) technology in RayStation treatment planning system (TPS), with and without robust optimization. 
The movement of the target area of the internal chest wall (0.50 cm) caused by respiratory movement was simu-
lated by moving the isocenter of the beams. Results: When the chest wall target moved outward, the PTV target area 
D98, D95, D2, conformity index (CI) and homogeneity index (HI) with robust optimization were better than those with-
out robust optimization. The coverage rate of Planned Target Volume-Chest (PTV-T) V50 with robust optimization was 
significantly higher than that with no-robust optimization (P<0.001). Clinical target volume (CTV) V50 coverage with 
robust optimization was 14.49% higher than that with no-robust optimization. In terms of organ-at-risk parameters, 
the average spinal cord dose of the plan with robust optimization was 13.19% lower than that of the plan with no-
robust optimization, and the Lung-L V5 of the plan with no-robust optimization was slightly (1.94%) lower than that 
of the plan with robust optimization. There was no significant difference in machine execution efficiency between 
the two groups (P>0.05). Conclusions: Robust optimization could be adopted in the postoperative radiotherapy 
planning for cancer in the left breast, for it ensures that the target dose coverage and the dose limit of organ-at-risk 
still meet the clinical requirements under condition of chest wall displacement caused by respiratory movement.

Keywords: Robust optimization, postoperative left breast cancer, flatten filter free mode, volumetric modulated 
arc therapy, dosimetric characteristics

Introduction

Breast cancer is one of the main malignant 
tumors leading to female deaths worldwide, 
and its incidence has been increasing in recent 
years [1]. Radiation therapy for postoperative 
patients with cancer of the left breast is suit-
able for patients with high risk of recurrence. 
Clinical target volume (CTV) is extremely com-
plex, including high-risk recurrence areas and 
high-risk lymphatic drainage areas, especially 

including the chest wall, regional lymph nodes, 
supraclavicular area, axillary and internal mam-
mary areas. Post-mastectomy radiotherapy 
(PMRT) for patients with breast cancer can 
reduce the risk of locoregional recurrence 
(LRR), and improvement in locoregional control 
can impact overall survival (OS) [2].

Intensity-modulated Radiation Therapy (IMRT) 
and Volumetric Modulated Arc Therapy (VMAT) 
have been developed and used for radiation 
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therapy of breast cancer, both in dosimetry 
research and clinical trials [3-6]. They have the 
advantage of fast generation of treatment 
plans, which meet the clinical target dose cov-
erage and protect organs at risk (OARs) [7, 8] 
and can even achieve better dosimetric results 
than Conventional Tangential Field Conformal 
radiotherapy techniques [9]. Radiation therapy 
may induce heart diseases and cardiovascular 
events caused by the definite effects of radia-
tion. Intended to reduce patients’ side effects, 
we introduced a flattening filter free (FFF) mode 
supported by Varian TrueBeam linear accelera-
tor (Varian Medical System, CA). It has a larger 
range of modulation in breast cancer radiother-
apy plans with partial arcs. The FFF mode has 
less scatter than the flattening filter mode. At 
the same time, it can greatly decrease patients’ 
treatment time, reduce errors in respiratory 
movement and lower the probability of second-
ary malignancies [10]. In the process of provid-
ing breast cancer patients with VMAT treat- 
ment plans based on the FFF mode (FFF-VMAT), 
the main challenge was that with respiratory 
movements of the patients, especially in the 
case of breast swelling or deformation during 
radiation therapy course, the treatment plan 
may lack robustness. When patients with 
breast cancer undergo radiotherapy, respirato-
ry movements raise the chest wall out to a cer-
tain distance. While margins of CTV are close  
to the body surface, planned target volume 
(PTV) cannot be extended to the outside of 
body surface [11]. In the use of Tangential Field 
Conformal Radiotherapy techniques, beams-
eye-view (BEV) in a multiple leaf Collimator 
(MLC) position could be edited to extend the 
irradiation range of beams in this direction  
outwardly, so as to ensure that the dose near 
patient’s epidermis could still meet clinical 
requirements. However, when using inverse 
optimization techniques such as VMAT for plan 
design, the MLC position could not be edited to 
realize the expansion of the radiation field 
beyond skin of the chest wall target area, and 
there will be certain risks of off-target effects. 
The usual solution is to add a certain thickness 
of Virtual Bolus (VB) on the skin surface of the 
target area, and to expand PTV to VB. The beam 
fields of the optimized radiation therapy plan 
could achieve a similar effect to expanding the 
tangent field’s irradiation range. In final dose 
assessment, VB should be removed, and a 
dose calculation should be performed again. 

The main disadvantage of this method is  
that the dose distribution of radiotherapy plan 
used for the final evaluation is not optimized 
based on actual radiotherapy implementation 
status, so this plan is not guaranteed to be an 
actual optimal solution. Moreover, since VB is 
removed away, the final dose distribution is 
inadequate to protect OARs compared with the 
initial optimized results [12]. Using robust  
optimization in VMAT plan design of breast 
radiotherapy can also achieve more robust 
results than Tangential Field Conformal Radio- 
therapy and VB [13, 14]. When using FFF-VMAT 
technology combined with robust optimization 
method, it is necessary to carefully consider 
the impact of error caused by respiratory 
motion on the evaluation of planned dose 
because of the higher dose rate.

In this study, FFF-VMAT technology and robust 
optimization was used to develop a modified 
radical mastectomy radiotherapy plan for can-
cer of the left breast. The conventional setup 
error was still processed by the boundary 
expansion of CTV to PTV, and robust optimiza-
tion was used to handle the extra uncertainty 
of chest wall caused by respiratory movement. 
In the case that the chest wall target area was 
shifted to a certain extent due to respiratory 
movement, by comparing the changes of target 
area coverage and organ dose at risk through 
the radiotherapy plan with or without robust 
optimization, we evaluated the role of robust 
optimization in FFF-VMAT radiotherapy treat-
ment planning, so as to provide a reference for 
the postoperative treatment of cancer in the 
left breast.

Materials and methods

This retrospective study included 21 female 
patients admitted to Cancer Hospital Affiliat- 
ed to the University of Chinese Academy of 
Sciences who underwent modified radical mas-
tectomy from January 2019 to February 2020. 
In order to better demonstrate the advantages 
of robust optimization in respiratory movement, 
the subjects were selected who fit the following 
the criteria.

Inclusion criteria: Patients with thin chest wall 
target area and poor physical condition; 
Patients who were unable to undergo Deep 
inspiration breath-hold (DIBH) after modified 
radical surgery.
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Exclusion criteria: Patients with good physical 
condition or feasible DIBH; Patients who under-
went breast-conserving surgery.

In order to reduce the differences in the delin-
eation of target areas and OARs, all patients 
were selected from the same chief physician. 
The median age of included patients was 56 
years old (33-78). Patients were scanned with 
Phillips Brilliance large aperture Computed 
Tomography (CT) (Philips, BrillianceTM Big Bore 
CT, Netherlands) with 5-mm interval of recon-
struction, and the scanning range was from the 
angle of Mandible to Navel. After scanning, the 
CT images were transmitted to a RayStation 
planning system. Then, the physician delineat-
ed target areas and OARs according to 2021 
National Comprehensive Cancer Network (NC- 
CN).

Target and normal tissue delineation

CTV and heart were delineated by a radiation 
oncologist. Meanwhile, the lungs, spinal cord 
and contralateral breast were sketched. CTV 
includes the left breast/chest wall and the 
supraclavicular and axillary level I-III nodes. All 
structures were delineated according to pub-
lished international guidelines [15]. PTV was 
automatically generated and derived from CTV 
with 5 mm extension in the superior-inferior/
anterior-posterior/left-right directions. An expe-
rienced clinician delineated targets and OARs 
based on the scanned transmitted CT images 
and clinical NCCN guidelines, including PTV 
that was CTV enlarged 5 mm in all direction; 
clinical target volume-chest (CTV-T): chest wall; 
clinical target volume-internal mammary (CTV-
IMM): internal mammary area; planning target 
volume-chest (PTV-T): CTV-T enlarged 5 mm in 
all direction; planning target volume-internal 
mammary (PTV-IMM): CTV-IMM enlarged 5 mm 
in all direction; supraclavicular region (SC), 
including I, II, III; OARs included ipsilateral lung, 
right lung, heart, spinal cord. Completed clini-
cal targets and OARs were then reviewed by the 
chief physician.

Plan design

All the radiotherapy plans were designed by the 
same physicist using RayStation planning sys-
tem. 6 MV X-ray was selected for the plan, and 
the clinical prescription dose in planned target 

area was 50 Gy/25 fractions. To ensure radia-
tion dose on the surface of breast skin, a 0.50 
cm compensation bolus made of water-like-
material was added to treatment planning and 
actual treatment process. Each patient took 
the same prescription dose at the same Ct and 
the same clinical target area to design two 
groups of FFF-VMAT plans with or without 
robust optimization with final dose scale to 
95% of PTV volume covered by prescription 
dose (D95 was equal to prescription dose 5000 
cGy of the planned target). In order to counter-
act possible outward movement of PTV-T 
caused by respiratory movement, the minimum 
dose volume histogram (DVH) objective func-
tion of PTV-T was set to “Robustness” when for-
mulating robust optimization plan. Firstly, pre-
senting the possible moving direction and 
range of clinical target area, in this case, 
“Robustness” option was set to Anterior 1.00 
cm, Left 1.00 cm, and the other directions to 0 
cm as default. Then the system will generate 
five optimization scenarios for comprehensive 
evaluation, traverse the value of the cost  
function in each scenario, and select the worst 
performed scenario as the next optimization 
benchmark, which were combined into the final 
optimization solutions. This method is called 
minimax optimization method [16, 17]. It has 
been verified that the optimization tool can also 
be used to develop photon radiotherapy plans 
[18, 19].

Plan analysis

First of all, comparative statistics of dosimetric 
parameters of the target and OARs were car-
ried out for each patient’s plans, with or with- 
out robust optimization. Next, dose distribution 
generated from the original plan was carried 
out by simultaneously moving X and Y coordi-
nates of the isocenter of original plan’s radia-
tion field without changing other plan parame-
ters so as to simulate outward movement of  
the target caused by respiratory movement. 
Dosimetric parameters of the target and OARs 
of two groups of plans, with or without robust 
optimization, were compared and evaluated.

Then, the data were collected for evaluation 
and analysis: (1) Evaluation of planned target 
area: it was required to meet the clinical pre-
scription dose. Statistics were collected before 
and after shifting of planning target PTV D98, 
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D95, D2 (Dx represented dose of x%PTV volume 
irradiated), conformity index (CI) and homoge-
neity index (HI). Among them, CI = (PTVref/VPTV)/
(PTVref/Vref), PTVref is the prescription dose of 
PTV; VPTV is volume of PTV; Vref is volume of  
prescription dose accepted by whole body (Vx 
represents percentage of target volume con-
taining xGy, and Dmax represents maximum 
dose of target). CI value is between 0 and 1. 
The closer the CI value to 1, the better the con-
formality of dose distribution to the target area. 
HI = (D2 - D98)/D50, and HI value is between 0 
and 1. The closer the HI value to 0, the better 
the uniformity of dose distribution. (2) Dosi- 
metric parameters of OARs: before and after 
shifting, V30, V20, V5 Mean Dose (Dmean) of ipsilat-
eral lung and whole lung, V5 and Dmean of right 
lung, Heart’s V40 and Dmean, V0.1 (cm3) (Vx (cm3)  
of brachial plexus represents the maximum 
dose in xcm3 volume) and V0.3 (cm3) dose of 
anterior descending coronary artery were 
collected.

differences in some dosimetric parameters 
between the two groups, they all met require-
ments of clinicians.

In order to simulate movement of the chest wall 
caused by respiratory movement, the dose dis-
tribution with or without robust optimization 
plan was calculated and evaluated after the 
field center was shifted to 0.50 cm. The D98, 
D95, D2 and CI of PTV with robust optimization 
were higher than those without robust optimi-
zation (P<0.05). HI of PTV with robust optimiza-
tion was lower than that without robust optimi-
zation (P<0.05). See Table 2. The V50 of PTV-T 
with robust optimization was higher than that 
without robust optimization (P<0.05). CTV with 
robust optimization was higher than that with-
out robust optimization (P<0.001). See Figure 
1. The difference of CTV coverage before and 
after robust optimization or without robust opti-
mization could be found. The blade width of 
planned multi-leaf collimator with robust opti-

Table 1. Dosimetry comparison of Target areas, OARs and 
Normal Tissue before displacement of central point of shoot-
ing field between no-robust and robust plans
Parameter No-robust (cGy) Robust (cGy) P-value
PTV D98 4614.25±89.53 4624.96±109.9 0.611
PTV D95 4999.99±0.0002 5000.01±0.0003 0.320
PTV D50 5372.79±70.09 5347.49±42.46 0.078
PTV D2 5602.33±77.11 5570.53±45.94 0.045
CTV V50 0.99±0.004 1.00±0.003 0.196
PTV-T V50 94.95 (94.65~95.25) 96.04±0.75 0.000
CI (PTV) 0.85±0.03 0.84±0.04 0.030
HI (PTV) 0.18±0.02 0.1768±0.02172 0.213
Heart V40 0.026±0.02 0.02218±0.02015 0.003
Lung V30 0.0725±0.0124 0.06995±0.0138 0.003
Lung V20 0.0973±0.0154 0.0963±0.0181 0.315
Lung V5 0.2755±0.0462 0.2760±0.0464 0.798
Lung-L V30 0.1625±0.0279 0.1569±0.0310 0.004
Lung-L V20 0.2166±0.0330 0.2142±0.0386 0.256
Lung-L V5 0.4918±0.0540 0.4987±0.0601 0.091
Lung-R V5 0.1014±0.0564 0.0968±0.0496 0.227
Lung D 700.14±85.984 697.18±91.717 0.385
Lung-L D 1273.668±134.635 1265.827±157.045 0.353
Lung-R D 238.9906±68.631 239.91±64.6686 0.850
Heart D 654.234±162.474 645.861±164.988 0.142
Spinal cord 1516.6698±558.437 1315.8838±696.236 0.002
nt 294.1508±33.3821 308.4764±33.7037 0.001
Note: OARs: organs at risk, PTV: planned target volume, CTV: clinical target 
volume, CI: conformity index, HI: homogeneity index, Lung-L: Left Lung, Lung-
R: Right Lung, V: Vloume, D: dose.

Statistical methods

The data obtained were statisti- 
cally analyzed by SPSS 23.0 soft-
ware. The results of FFF-VMAT plan 
with or without robust optimization 
were tested for a normal distribu-
tion. Then, the data conforming to a 
normal distribution were tested by 
paired t-test or nonparametric test. 
The quantitative parameters were 
expressed as mean ± variance or 
median (the results retain 2 deci-
mal places). The two significant dig-
its after the decimal point were 
retained (P<0.05 was considered 
to be a statistical difference).

Results

Comparison of target dose param-
eters

Before getting shifted, the CI of  
PTV with robust optimization were 
lower than those without robust 
optimization (P<0.05). PTV-T V50 
with robust optimization was slight-
ly better than that without robust 
optimization (P<0.001). See Table 
1. There were no statistical differ-
ences in other target-related para- 
meters. Although there were slight 
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mization was about 0.81 cm larger than that 
without robust optimization (Figure 2), which 
compensates the target dose in case of respi-
ratory moments.

Comparison of OARs dose parameters

Before displacement, the ipsilateral lung’s V30, 
whole lung’s V30, heart’s Dmean, heart’s V40, spi-
nal cord of the treatment plan with robust opti-
mization were significantly lower than those 
without robust optimization (P<0.05). However, 
there was no statistical difference in other 
parameters (Table 1).

After transposition, the V5 of lung without 
robust optimization was significantly lower than 
that of the treatment plan with robust optimiza-
tion. The Dmax of spinal cord of the treatment 
plan with robust optimization was significantly 
lower than that without robust optimization 
(P<0.05). There were no statistical differences 

optimization (P<0.001). The target coverage 
rate of CTV V50 without robust optimization was 
79.12±9.51%, and the target coverage rate 
with robust optimization was 90.58±4.42%. 
There was a significant difference in the target 
coverage of CTV V50 between the two treatment 
plans (P<0.001). It can be clearly seen from 
Figure 1 that a shifted isocenter of the beam 
field leads to changes in CTV coverage.

In terms of OARs, there were statistical differ-
ences in V5 of patients’ ipsilateral lung and Dmax 
of spinal cord. The V5 of treatment plan without 
robust optimization in patients’ ipsilateral lung 
was lower than that with robust optimization, 
and the Dmax of the spinal cord was significantly 
higher without robust optimization than that 
with robust optimization. In terms of machine 
execution efficiency, there was no statistical 
difference between the total beam on time and 
total monitor units (MUs).

Table 2. Comparison of dose of Target areas, OARs and Normal Tis-
sue after displacement of central point of shooting field between 
no-robust and robust plans
Parameter No-robust Robust P-value
PTV D98 4291.7780±196.9615 4696.8682±80.8172 0.000
PTV D95 4593.4782±158.5439 4885.9148±36.6903 0.000
PTV D50 5188.2312±73.0069 5210.0772±45.5303 0.125
PTV D2 5514.1125±93.0708 5580.43 (5526.89~5635.68) 0.001
CTV V50 0.7912±0.0951 0.9058±0.0443 0.000
PTV-T V50 0.7728±0.0894 0.8933 (0.8519~0.9210) 0.000
CI (PTV) 0.6491±0.1186 0.6928±0.0796 0.001
HI (PTV) 0.2356±0.0415 0.1722 (0.15~0.18) 0.000
Heart V40 0.0606±0.0353 0.0622±0.0401 0.794
Lung V30 0.1080±0.0151 0.1050 (0.979~0.1212) 0.140
Lung V20 0.1349±0.0187 0.1346±0.0211 0.795
Lung V5 0.3278±0.0501 0.3333±0.0483 0.059
Lung-L V30 0.2410±0.0321 0.2396±0.0357 0.630
Lung-L V20 0.2939±0.0346 0.2939 (0.2703~0.3280) 0.741
Lung-L V5 0.5550±0.0509 0.5660±0.0555 0.006
Lung-R V5 0.1392±0.0700 0.1462±0.0565 0.353
Lung D 898.541±102.4286 901.598±107.1063 0.363
Lung-L D 1648.813±155.8893 1649.3589±179.3673 0.945
Lung-R D 294.6492±83.6333 299.6784±78.3141 0.369
Heart D 903.7943±222.5719 895.5513±227.5937 0.200
Spinal cord 2031.4301±763.9234 1763.5515±963.9730 0.000
nt 342.2973±36.6788 358.9020±37.0551 0.000
Note: OARs: organs at risk, PTV: planned target volume, CTV: clinical target volume, CI: 
conformity index, HI: homogeneity index.

in other dose parameters. 
After evaluation, dosing 
which would endanger the 
organs was within the clini-
cal requirements (Table 1).

Discussion

In this study, we aimed  
to solve the problem of 
insufficient clinical target 
dosing due to respiratory 
motion during radiotherapy 
for postoperative cancer  
of the left breast. Robust 
optimization was introduc- 
ed to limit the minimum 
dose of PTV-T in patient’s 
planned target area. After 
shifting, we found that the 
robust optimization plans 
provided better target cov-
erage, HI, PTVD98, D95 and 
D2 than in plans without 
robust optimization (P< 
0.05). The dose distribu-
tion in the robust optimiza-
tion plans was less affect-
ed by perturbations. The 
PTV-T with robust optimi- 
zation were slightly better 
than that without robust 
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In order to reduce the errors caused by patients’ 
respiratory movement in actual treatment, 
robust optimization was added to the radiother-
apy plan. Clinical studies have shown that it not 
only improved the coverage rate of the clinical 
target area, but also reduced the dose of OARs. 
The experiments done by Mahmoudzadeh 
team’s proved that the introduction of robust 
optimization could potentially reduce the need 
for deep inspiration breath-hold technology, 
allowing patients to have reduced dose expo-
sure to the heart with free breath, and improve 
the dose coverage at the tumor area [20]. 
Fredriksson proposed that adding robust opti-
mization could significantly increase the pati- 

ent’s skin dose, and to some extent, it could 
replace the efficacy of VB [21]. Dunlop’s team 
added robust optimization to study breast can-
cer radiotherapy based on organ motion, and 
found that the D98, D95, D50 and D2 of that CTV 
that added robust optimization were signifi-
cantly different from those without robust opti-
mization [13]. They also proposed that the use 
of robust optimization based on organ motion 
to generate a VMAT plan was clinically accept-
able for the typical and extreme target area 
changes during treatment [13]. Hideharu 
Miura’s team verified the advantages of intro-
ducing robust optimization in other tumor types 
with greater CTV activity, such as Larynx can-

Figure 1. Dose distribution before and after displacement of central field in beams-eye-view. A: No-robust optimiza-
tion plan before shifting; B: No-robust optimization plan after shifting; C: Robust optimization plan before shifting; 
D: Robust optimization plan after shifting.
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cer, and they found that robust-optimized plan 
had better CTV coverage rate and less carotid 
artery exposure dose than those without robust 
optimization [22]. This is slightly different from 
the actual exposure dose of OARs dose param-
eters in this study. The exposure dose of the 
ipsilateral lung V5 with robust optimization was 
higher than that without, because the improved 
CTV coverage in our study was at the expense 
of a low dose bath to healthy tissue, thereby 
delivering a higher volume of low dose to the 
ipsilateral lungs than that in plans without 
robust optimization.

The introduction of PTV was aimed at reducing 
the error impact of a series of radiotherapy  
procedures on CTV. The clinical target area of 
postoperative patients with cancer of the left 
breast is long and narrow, and close to the sur-
face of skin, while CTV can only expand to the 
chest cavity, not to the outer surface of skin. 
Compared with other tumor target areas, respi-
ratory movement is more likely to affect the 
actual radiation dose of breast cancer’s CTV. 
Introduction of robust optimization significantly 
improved this situation. As seen in Table 1, the 
edges of multi-blade collimator apertures in 
BEV with robust optimization plan were spared 
by about 0.81 cm, compared with that without 
robust optimization. When the center of beam 
field moved a same distance, the coverage rate 

of CTV V50 dose in robust optimized treatment 
plan increased by about 14.49%, while V5 of  
the ipsilateral lung only increased by about 
1.00%. The possible reason for the increase 
was the introduction of robust optimization, 
which optimized the movement of target area 
to the left and front directions in case of  
respiratory movement. When seeking the best 
solution under the condition of increasing 
uncertain factors, the actual volume of the  
illuminated target area increases and the scat-
tering amount increases in the same propor-
tion. Although robust optimization could ensure 
the dose coverage of target area to a certain 
extent, it was still recommended to re-check 
the patient’s position or to use deep inspiration 
breath-hold techniques as appropriate if pati- 
ent’s respiratory movement amplitude caused 
the difference between outer contour of target 
area and the planned target area exceeds 0.50 
cm during Cone Beam Computed Tomography 
(CBCT) verification before the delivery of treat-
ment plan.

In summary, under the premise that with or 
without robust optimization we met the clinical 
requirements before displacement, the devia-
tion of CTV target area of human respiratory 
motion was simulated by changing the position 
of the center point of the radiation field. VMAT 
plans using the robustness feature of Ray- 

Figure 2. Comparison of state of multi-leaf collimator. A: MLC aperture of field direction without robust optimization. 
B: MLC aperture of field direction with robust optimization (from left to right, accelerator angle is 76°, 96°, 118°, 
148° in the state of multi-leaf collimator, robust optimization plan was better than no robust optimization, and blade 
of multi-leaf collimator has expanded about 0.81 cm). MLC: multiple leaf Collimator.
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Station are less affected on average than that 
without robust optimization. Furthermore, it 
could be seen that after the shift, the robust-
optimized treatment plan was better for the 
D98, D95, D2, CI, HI of PTV and the most active 
PTV-T dose parameters. CTV coverage rate in 
the robust-optimized plan was significantly 
higher than that without, and better CTV pre-
scription dose coverage usually means more 
effective tumor control. Therefore, a FFF-VMAT 
robust-optimized treatment plan is better than 
a plan without robust optimization. 

The limitation of this study is that the robust 
optimization is only carried out for the target 
region, and the protection of OARs is not taken 
into extra consideration. As a result, the dose 
level of OARs increases in the case of respira-
tory movement. In addition, by changing the 
center point of the beam field to simulate 
breathing movement, only the target movement 
caused by respiratory movement can be simu-
lated, which is not accurate in OARs movement. 
In the following studies, we will consider scan-
ning with 4-Dimensional CT, to use CT of differ-
ent respiratory phases for dose assessment, 
and use a new CT that simulates motion gener-
ated by elastic deformation of the original CT 
for dose assessment, or to use bionic models 
and detectors that can simulate respiratory 
motion for dose measurement instead of sim-
ple central point displacement of the radiation 
field. If more robust optimization is needed to 
improve the follow-up radiotherapy effect and 
the evidence for clinical use, the sample size 
can be increased for research.

Conclusions

Robust optimization can be adopted in the 
development of a postoperative radiotherapy 
plan for cancer of the left breast, for it ensures 
that the target dose coverage and the dose 
limit of organs-at-risk still meet the clinical 
requirements under conditions of chest wall 
displacement caused by respiratory move- 
ment.
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