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Introduction

Ventricular tachycardia (VT) is a common cause of sudden 
cardiac death (1). Traditional cardiology has several methods 
to treat patients with the disease, including drug therapy, 
catheter ablation and high voltage shock treatment (2).  

Implantable cardioverter-defibrillators (ICDs) positively 
affected survival in patients at increased risk for ventricular 
arrhythmias (3). Nevertheless, ICDs do not prevent 
ventricular arrhythmias. In the current era, the use of 
catheter ablation for VT is well supported in patients with 
recurrent VT refractory to anti-arrhythmic drugs (AADs) 
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and in patients for whom AADs are poorly tolerated (4). 
Catheter ablation is not curative for many patients (5). 
Common reasons for catheter ablation include inaccessible 
arrhythmogenic tissue and an inability to delivery adequate 
ablative energy transmurally across ventricular myocardium (6).

Many studies have investigated the application of 
radioablation as an alternative method to treat patients 
with recurrent VT. By delivering high dose photon beams 
in one fraction, the treatment effect is similar to ablation 
in mitigating the arrhythmic burden (7-10). Radioablation 
has been demonstrated as an effective treatment option 
for patients suffering from VT (7). The workflow for 
radioablation is similar to that of stereotactic body radiation 
therapy (SBRT), with a conventional treatment dose deliver 
within 3 to 10 fractions (11,12). Due to the feather of rapid 
dose fall off and the high dose per fraction treatment, 
caution must be paid to the uncertainty of dose delivery, 
including respiratory and cardiac motions. Furthermore, 
the procedure from CT simulat ion to dosimetry 
verification, requires enhanced accuracy compared to that 
of conventional photon therapy.

The unique feature of the proton beam treatment lies 
in the rapid distal dose fall-off behind the Bragg peak, 
while proton treatment has been widely applied worldwide 
for the treatment of various cancers. Over the past  
5 years approximately 3,000 patients have received proton 
treatment at Linkou Chang Gung Memorial Hospital 
Proton Center, and the further applications for benign 
diseases are currently being developed (13,14). Based on 
the experience, the feasibility of a single fraction proton 
irradiation to treat VT disease requires assessment (15). 
The present report aims to compare the effectiveness of the 
photon beam and proton beams in different subtracts where 
VT commonly occurs. We present the following article in 
accordance with the MDAR reporting checklist (available at 
https://tro.amegroups.com/article/view/10.21037/tro-21-
43/rc).

Methods

Patient selection

Two patients with VT and an ICD were retrospective 
included in this study, who having had at least 3 episodes of 
ICD-treated VT within the preceding 3 months, and having 
undergone at least 1 catheter ablation procedure. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The retrospective study 

has been approved by Chang Gung Medical Foundation 
Institutional Review Board (No. 202200668B0) and 
individual consent for this retrospective analysis was waived.

Computed tomography (CT) simulation

The patient with three sets of CT were retrospective 
selected, including (I) a free breath three dimensional (3D) 
CT for treatment planning, (II) a free-breath CT with 
contrast for delineation of cardiac structure, (III) a four-
dimensional (4D) CT for motion evaluation. The scanning 
range was defined as the target region in the superior-
inferior direction for 10 cm to cover the non-coplanar 
treatment plan dose calculation.

The CT images were imported into the Eclipse (Varian 
Medical, Palo Alto, CA, USA) treatment planning software 
version 13.7 for target delineation and development of 
treatment plan.

Target delineation

For the photon treatment plan, the gross tumor volume 
(GTV), internal target volume (ITV) and planning target 
volume (PTV) were defined. The GTV was defined by 
the contouring of five common recurrent VT regions 
by cardiology physician, including apical anterior (AA), 
apical inferior (AI), basal septal (BS), inferior basal (IB), 
lateral basal (LB) (16-20). The five regions are shown in 
Figure 1, and were separated into 2 groups for organ at risk 
(OAR) dose analysis: AA and AI in Group 1; BS, IB and 
LB in Group 2, due the locations at the center or surface 
of the heart. The ITV were defined as the GTV expanded 
margins, including by respiratory and cardiac motions, with 
the combined effect being assessed by all the phases of the 
4D-CT, overlaid with the reference CT. The PTV was 
defined as the ITV with a 5 mm expansion to compensate 
for setup and motion uncertainty. No clinical target volume 
(CTV) expansion was used for this study.

For the proton treatment plan, the definition of GTVs 
and ITVs were defined in the same manner as the photon 
treatment plan, but included independent longitudinal 
and lateral margins for the proton planning target volume 
(PPTV). The longitudinal margin considered range 
uncertainty (3.5% of range + 3 mm), while the lateral 
margin considered setup uncertainty, internal target motion 
and penumbra according treatment to site and field size and 
energy. 

https://tro.amegroups.com/article/view/10.21037/tro-21-43/rc
https://tro.amegroups.com/article/view/10.21037/tro-21-43/rc
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Nearby OAR including the lungs, esophagus, stomach 
and heart were contoured by a radiation oncologist on 3D 
CT images for dose evaluation.

Treatment planning

All treatment planning was conducted using a single fraction 
of 25 Gy was prescribed to the treatment target. For photon 
treatment planning, Varian EDGE (Varian Medical, Palo 
Alto, CA, USA) with 6X flattering filter free (FFF) were 
used in the study (21), as FFF reduces the treatment time by 
applying an beam intensity, while removal of the flattening 
filter reduces out-of-field dose. The dose rate was set as 
1,400 MU/min. Four to five coplanar and non-coplanar 
partial arcs were used for volumetric modulated arc therapy 
(VMAT) plan with gantry angle of 30° to 330° and couch 
angles of 330° to 30° respectively. Progressive resolution 
optimizer (PRO) was used for photon treatment planning 
optimization, and analytical anisotropic algorithm (AAA) 
was used for dose calculating, while dose grids were set as  
1 mm.

For the proton treatment planning, wobbling (WB) and 
single field optimization (SFO) of pencil beam scanning 
(PBS) treatment techniques both with five fields were used. 
The WB irradiates a uniform dose under a restricted block 
radius by rotating a pencil beam with x and y magnets and 
passing through a scatter, and spread-out Bragg peak (SOBP) 
are generated by ridge filter. PBS can perform intensity 
modulated dose distribution by varying the energy, position 
of each pencil beam. The beam angle selection was to 
minimize the beam overlapping region, while gantry angles 
of the non-coplanar were used to achieve a high gradient 

dose distribution. PCS_RF_13721 for wobbling technique 
dose calculation and non-linear proton optimizer (NUPO)_
PB_13721 were used for SFO technique, and PCS_
PB_13721 was used for dose calculation

Plan evaluation

The conformal index (CI), homogeneity index (HI) and 
R50 were used to evaluate the target dose (22-24). HI is the 
index to that can evaluate the homogeneity in PTV, and 
CI is to evaluate the region covered by the full prescribed 
dose between the different treatment plans. Dose in OAR 
were evaluated by using dose-volume histogram (DVH) and 
maximum dose.

5%

95%

= DHI
D  [1]

where D5% and D95% are dose received by the 5% and 95 % 
of the PTV respectively. 

PTVref PTVref

PTV PTV

V V
CI

V V
= ×  [2]

where VPTV is the volume of PTV, VPTVref is the volume 
of PTV receiving prescribe dose, an ideal plan ensuring 
perfect dose coverage would be 1.

R50, R30 are the ratio of the 50% and 30% of 
prescription isodose volume to the volume of PTV.

Others OAR including the heart (V5Gy to V25Gy, mean 
dose), lungs, esophagus, spinal cord, and left anterior 
descending artery (LAD) were used to evaluate photon and 
proton wobbling and pencil beam treatment plans. Note 
that V5 is defined as the percentage of the total normal 
heart that is irradiated with a dose of ≥5 Gy, V10Gy to V25Gy is 
defined in the same way. 

Figure 1 Five common VT recurrent regions contoured by cardiologic physician, showing on contrast image. (A) Apical anterior; (B) apical 
inferior; (C) inferior basal; (D) lateral basal; (E) basal septal. VT, ventricular tachycardia. 
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Statistical analyses

The nonparametric test Mann Whitney U test was used 
to compare dosimetric parameters between Group 1 
and Group 2, and WB and PBS. Spearman correlation 
coefficient was used to identify relations between the 
volume of CTV and the mean heart dose in the different 
treatment technique. Statistical analysis was performed 
using SPSS 24. All P values less than 0.05 were considered 
to be significant.

Results

Figure 1 shows the contouring of five GTV regions 
contoured by a cardiologist. The volume of five different 
subtract GTVs of all patients were 1.4 to 12 cm3, while 
CTVs were 6.33 to 53.67 cm3. Table 1 is the CI and HI 
under the same dose coverage. The CI of the photon VMAT 
plan and proton (WB and PBS) plans were 0.830±0.105, 
0.946±0.076, respectively, with a P value <0.05. The HI 
of the photon and proton were 1.069±0.025, 1.048±0.018, 
respectively, with a P value <0.05. Additionally, Table 2 
compares the CI and HI of the WB and PBS treatment 

planning, with P>0.05 with no difference in both results.
To evaluate the R50, R30 and dose to OAR, the five 

subtracts were divided into 2 groups: Group 1 and Group 2. 
As the locations of the heart and volume were different, the 
separation into 2 groups was performed in order to obtain 
more accurate results.

Tables 3,4 shows the R50 and R30 in Group 1 and Group 
2 to compare the photon plan and proton treatment plans. 
In Group 1, the R50 and R30 were 4.19±0.58 and 7.32±1.08, 
respectively, in the photon plans, and 4.34±1.03 and 
6.7±1.78, respectively in the proton plan, both with both 
P value >0.05. In Group 2, the R50 shows no difference 
between photon and proton plans. However, for R30, it 
shows 9.98±1.65 in the photon plans and 7.12±1.02 in the 
proton plans with P value <0.0001. Tables 5,6 compare the 
R50 and R30 in the WB and PBS plana, both the R50 and 
R30 of the PBS plan in Group 2 exhibit a difference, while 
there is no difference in Group 1.

Tables 7,8 show doses to normal heart received in the 
photon and proton plans in Group 1 and Group 2. The 
results reveal the volume of the heart receiving the same 
dose was larger in the photon treatment plan than in the 
proton plan in most evaluations. But there was a significant 

Table 1 CI and HI value in photon plan and proton plan

Evaluation index Photon (VMAT) Proton (WB and PBS) P value

CI 0.830±0.105 0.946±0.076 0.0008*

HI 1.069±0.025 1.048±0.018 0.006*

*, P<0.05. CI, conformal index; HI, homogeneity index; VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, 
proton pencil beam scanning.

Table 2 CI and HI value in WB plan and PBS plan

Evaluation index WB PBS P value

CI 0.951±0.064 0.941±0.089 0.38

HI 1.043±0.019 1.054±0.015 0.075

CI, conformal index; HI, homogeneity index; WB, proton wobbling; PBS, proton pencil beam scanning. 

Table 3 R50, R30 in photon plan and proton plan in Group 1

Dosimetric parameter Photon (VMAT) Proton (WB and PBS) P value

R50 4.19±0.58 4.34±1.03 0.39

R30 7.32±1.08 6.7±1.78 0.28

R50, ratio of the 50% of prescription isodose volume to the volume of PTV; R30, ratio of the 30% of prescription isodose volume to the 
volume of PTV; VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, proton pencil beam scanning. 
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Table 4 R50, R30 in photon plan and proton plan in Group 2

Dosimetric parameter Photon (VMAT) Proton (WB and PBS) P value

R50 4.02±0.63 4.42±0.57 0.1

R30 9.98±1.65 7.12±1.02 0.0001*

*, P<0.05. R50, ratio of the 50% of prescription isodose volume to the volume of PTV; R30, ratio of the 30% of prescription isodose 
volume to the volume of PTV; VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, proton pencil beam scanning.

Table 5 R50, R30 in WB and PBS in Group 1

Dosimetric parameter WB PBS P value

R50 3.976±0.631 4.721±1.309 0.17

R30 5.644±1.086 6.92±2.262 0.17

R50, ratio of the 50% of prescription isodose volume to the volume of PTV; R30, ratio of the 30% of prescription isodose volume to the 
volume of PTV; WB, proton wobbling; PBS, proton pencil beam scanning.

Table 6 R50, R30 in WB and PBS in Group 2

Dosimetric parameter WB PBS P value

R50 4.74±0.455 4.112±0.518 0.024*

R30 7.765±0.855 6.486±0.77 0.01*

*, P<0.05. R50, ratio of the 50% of prescription isodose volume to the volume of PTV; R30, ratio of the 30% of prescription isodose 
volume to the volume of PTV; WB, proton wobbling; PBS, proton pencil beam scanning.

Table 7 V5Gy, V10Gy, V15Gy, V20Gy, V25Gy (cm3), and mean heart dose (Gy) in photon plan and proton plan in Group 1

Dosimetric parameter Photon VMAT Proton (WB and PBS) P value

V5Gy 17.43±6.75 7.20±1.84 0.001*

V10Gy 8.72±2.70 5.53±1.44 0.01*

V15Gy 5.68±1.54 4.41±1.12 0.07

V20Gy 3.83±0.84 3.42±0.88 0.23

V25Gy 2.48±0.61 2.01±0.68 0.14

Mean dose 3.48±0.91 1.37±0.35 0.00001*

*, P<0.05. VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, proton pencil beam scanning.

Table 8 V5Gy, V10Gy, V15Gy, V20Gy, V25Gy (cm3), and mean heart dose (Gy) in photon plan and proton plan in Group 2

Dosimetric parameter Photon VMAT Proton (WB and PBS) P value

V5Gy 40.85±13.77 28.42±9.58 0.02*

V10Gy 23.19±7.22 17.65±4.85 0.04*

V15Gy 13.47±3,81 13.28±2.99 0.45

V20Gy 8.37±1.67 9.87±2.14 0.08

V25Gy 5.00±0.86 5.52±1.24 0.19

Mean dose 6.38±1.58 4.76±1.35 0.02*

*, P<0.05. VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, proton pencil beam scanning.
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Table 9 V5Gy, V10Gy, V15Gy, V20Gy, V25Gy (cm3), and mean heart dose (Gy) in WB and PBS plan in Group 1

Dosimetric parameter WB PBS P value

V5Gy 6.17±1.65 8.22±1.55 0.06

V10Gy 4.76±1.39 6.30±1.15 0.06

V15Gy 3.88±1.16 4.96±0.89 0.09

V20Gy 3.06±0.98 3.78±0.71 0.14

V25Gy 1.75±0.77 2.26±0.57 0.16

Mean dose 1.18±0.34 1.57±0.27 0.06

WB, proton wobbling; PBS, proton pencil beam scanning.

Table 10 V5Gy, V10Gy, V15Gy, V20Gy, V25Gy (cm3), and mean heart dose (Gy) in WB and PBS plan in Group 2

Dosimetric parameter WB PBS P value

V5Gy 30.12±10.42 26.73±9.29 0.28

V10Gy 18.34±5.50 16.98±4.52 0.32

V15Gy 13.79±3.46 12.78±2.67 0.29

V20Gy 10.11±2.64 9.62±1.74 0.35

V25Gy 5.18±1.45 5.87±0.99 1.81

Mean dose 4.87±1.47 4.65±1.34 0.39

WB, proton wobbling; PBS, proton pencil beam scanning.

Table 11 Nearby OAR dose of Dmax or mean dose in photon plan and proton plan in Group 1 

OAR Photon (VMAT) Proton (WB + PBS) P value

Esophagus (Dmax) 1.16±1.33 0.0025±0.01 0.013*

Spinal cord (Dmax) 0.59±0.61 0±0 0.008*

LAD 2.34±2.04 0.68±0.675 0.009*

Left lung (mean dose, Gy) 1.16±0.48 0.46±0.32 0.005*

Right lung (mean dose, Gy) 0.26±0.11 0±0 0.0001*

*, P<0.05. OAR, organ at risk; VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, proton pencil beam scanning; 
LAD, left anterior descending artery.

difference between the photon and proton plans only in the 
volume upon receiving 5 and 10 Gy in both Group 1 and 
Group 2, and no difference in the volume upon receiving 
15 to 25 Gy between the two groups. However, in the 
comparison of the WB and PBS plans of Group 1 and 
Group 2, as shown in Tables 9,10, the results revealed no 
difference.

Tables 11,12 show different Dmax or mean dose of nearby 
OAR in Group 1 and Group 2. In Group 1, the results are 
significantly higher in the VMAT photon planning than in 

the proton treatment planning. Yet in Group 2, the mean 
dose of the left lung show no difference between the photon 
and proton plans, and Dmax of esophagus shows different, 
but photon plans were lower than proton plans. The 
comparison of the WB and PBS in Group 1 and Group 2 
are shown in Tables 13,14 with P value >0.05 in most organs.

Discussion

In a study by Weidlich et al., four different treatment units 
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(CyberKnife, Varian Truebeam, Varian EDGE, Elekta 
Infinity) were used to compare doses in PTV and OAR 
for VT patients (25), demonstrating that each was able 
to deliver a conformal, homogeneous dose to PTV. In 
addition, the study reported that a conventional linear 
accelerator was superior in its ability to spare distant critical 
structures, while CyberKnife showed more effectiveness 
at sparing nearby critical structures by creating larger dose 
gradients at the periphery of the target volume. The results 
are similar to those demonstrated in our study, wherein 
the HI of the photon and proton are showed no statistical 

difference in minor at 1.069 and 1.048 respectively, 
with both being an effective treatment plan. Thus, each 
treatment plan is able to deliver a conformal, homogeneous 
dose to the target area.

A study by Knutson et al. in which R50 was used to 
evaluate dose gradient, reported that the smaller R50 is 
correlated to a higher dose gradient is (26). A higher dose 
gradient in the treatment plan is expected to cause lower 
dose to affect nearby OAR. However, our study revealed 
no difference in R50 between the photon and proton plans 
in Group 1 and Group 2, including that the small target 

Table 12 Dmax or mean dose of nearby OAR in photon plan and proton plan in Group 2

OAR Photon (VMAT) Proton (WB + PBS) P value

Esophagus (Dmax) 18.28±13.77 25.16±1.8 0.016*

Spinal cord (Dmax) 12.23±7.22 2.32±4.58 0.004*

LAD 4.29±3.44 0.77±1.47 0.030*

Left lung (mean dose, Gy) 2.52±1.56 2.43±1.43 0.426

Right lung (mean dose, Gy) 0.91±0.28 0.67±0.30 0.062*

*, P<0.05. OAR, organ at risk; VMAT, photon volumetric modulated arc therapy; WB, proton wobbling; PBS, proton pencil beam scanning; 
LAD, left anterior descending artery.

Table 13 Dmax or mean dose of nearby OAR in WB and PBS plan in Group 1

OAR WB PBS P value

Esophagus (Dmax) 0±0 0.01±0.01 0.17

Spinal cord (Dmax) 0±0 0±0 N/A

LAD 0.51±0.71 0.84±1.15 0.38

Left lung (mean dose, Gy) 0.28±0.27 0.65±0.25 0.04*

Right lung (mean dose, Gy) 0±0 0±0 N/A

*, P<0.05. OAR, organ at risk; WB, proton wobbling; PBS, proton pencil beam scanning; N/A, not applicable; LAD, left anterior descending 
artery. 

Table 14 Dmax or mean dose of nearby OAR in WB and PBS plan in Group 2

OAR WB PBS P value

Esophagus (Dmax) 24.78±2.10 25.36±1.81 0.34

Spinal cord (Dmax) 2.14±3.17 2.51±2.79 0.41

LAD 1.33±2.10 0.21±0.17 0.10

Left lung (mean dose, Gy) 2.06±1.55 1.74±1.42 0.35

Right lung (mean dose, Gy) 0.7±0.33 0.65±0.30 0.38

OAR, organ at risk; WB, proton wobbling; PBS, proton pencil beam scanning; LAD, left anterior descending artery.
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causes the dose to decrease rapidly in the photon and 
proton treatment plans. Generally, the advantage of the 
proton will be evidenced in lower dose regions, so R30 was 
also included in our assessment. R30 showed a significant 
difference only in Group 2. In the photon VMAT planning, 
as the target region was in center of the heart, beam 
directions were nearly 200 to 300 degrees in coplanar 
or non-coplanar, causing a low dose (30% isodose level) 
region larger than the proton with only 5 beam directions. 
As shown in Tables 5,6, as compared to the WB technique, 
PBS has the advantage of reducing the nearby OAR dose by 
inverse optimization in Group 2, where the location was in 
the middle of the heart.

Heart toxicity from breast radiotherapy has been 
a concerning issue for decades. According to a study 
by Piroth et al. (27), the mean heart dose for breast 
radiotherapy is recommended as <2.5 Gy, while decreasing 
the mean heart dose may result in a reduced risk of death 
caused by radiation-induced heart disease (RIHD) (28). In 
our study, only the results of the proton treatment plan in 
Group 1were within the recommend dose, and the results 
of the proton plan were statistically lower than those of the 
photon treatment plan. Meanwhile in Group 2, both results 
exceeded the recommend dose; despite this, the results of 
the proton plan were still lower than those of photon plan. 
The study by Piroth et al. further recommends a mean 
dose of LAD lower than10 Gy. While both Group 1 and 
Group 2 in our study had a mean dose of LAD lower than 
10 Gy, the proton plan remained lower than the photon 
plan. However, as patients with VT constituted the primary 
population of the study, it must be noted that the overall 
survival rate of VT for 1-year and 2-year periods is very 

low. Thus, in case of VT, the risk of RIHD may not be as 
concerning as it is in other radiotherapy target.

Figure 2 shows the relationship of volume of CTV and 
mean heart dose (Gy) in three types of treatment plans. 
The coefficients of the correlation are 0.61 (P=0.008), 0.474 
(P=0.037), 0.471 (P=0.038), revealing a medium correlation 
in all types of treatment plan and mean heart dose. This 
indicates that if the mean heart dose is still an index to 
evaluate harm to OAR, the volume of CTV may be an 
estimator. 

Figure 3 shows the dose volume of heart in the photon 
plan and proton plans. The results illustrate that the curve of 
the proton plan is lower than that of the photon plan in all 
situation except for V20Gy in Group 2. Further analysis reveals 
that in the volume of the heart receiving a dose greater than 
5 Gy and greater than 25 Gy, only V5Gy and V10Gy show a 
significant difference (Tables 7,9). Although V20Gy is lower 
in the photon plan than in the proton plan, there is no 
significant statistical difference. A study by Bradley et al. (29)  
revealed that a volume of the heart receiving ≥5 or ≥30 Gy  
was associated with worse overall survival. The proton 
treatment plan demonstrates the superior overall survival 
when the heart receives ≥5 Gy and 10 Gy.

Among the OAR evaluated in this study, the location 
of the spinal cord, esophagus, and right and left lung are 
far from PTV in Group 1. Although all have significant 
differences (P<0.05) between the photon and proton plans, 
but the values in photon and proton plan are thus not 
clinically meaningful. 

In Group 2, the maximum dose to the esophagus showed 
no difference between the photon and proton plans, the 
reason is the location nearby the PTV, and the maximum 

Figure 2 Correlation of clinical target volume and mean heart 
dose (Gy) in photon plan, proton wobbling and proton pencil beam 
plan. VMAT, volumetric modulated arc therapy; WB, wobbling; 
PBS, pencil beam scanning; CTV, clinical target volume. 

Figure 3 Dose-volume histogram of heart in photon plan, proton 
wobbling and proton pencil beam plan. Solid dots are Group 
1, hollow dots are Group 2. VMAT, volumetric modulated arc 
therapy; WB, wobbling; PBS, pencil beam scanning.
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dose was restricted to under 19 Gy, causing a similar 
maximum dose in two treatment plans. The proton dose 
to the left lung and right lung were lower than photon 
dose, but without significant difference. Of the OAR list, 
only the spinal cord showed significant difference for the 
patient with VT occurring at BS, IB, LB. For the location 
of the three subtracts, the beam angle selection will be more 
separate than for AA or AI, potentially causing the dose 
to penetrate the spinal cord given the higher dose than in 
Group 1, thus, the advantage of the proton is clear.

Conclusions

In this study, the statistical analysis revealed that CI and HI 
in all treatment plans showed little difference, are sufficient 
in clinical practice. Although most results indicated that 
the proton beam will yield less harm to nearby OAR, the 
advantages of the proton were not significant in some 
organs in Group 2, in which the VT subtract was located at 
the center of the heart. Several issues require consideration 
in future studies, including accurate patient localization, 
motion margin evaluation of respiration and heartbeat, dose 
measurement, and verification of small field irradiation. 
Nevertheless, this treatment planning study indicated that 
using the proton beam to treat VT is a viable therapeutic 
option.
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