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ABSTRACT

Background: This study aims to compare the radiation doses delivered to the heart
and left anterior descending artery (LAD) when using Volumetric Modulated Arc
Therapy (VMAT) and Intensity Modulated Radiotherapy (IMRT) for the treatment of
left-sided lung cancer. Materials and Methods: We selected 29 stage Ill lung cancer
patients for replanning. Step and shoot IMRT(S&S-IMRT), dynamic IMRT(D-IMRT), full
arc VMAT (FA-VMAT) and two partial arc VMAT (2PA-VMAT) techniques were used in
plan recreation for each patient. Difference between heart and LAD doses were
investigated using dose volume histogram. Results: FA-VMAT technique resulted in
lower LAD mean (Dmean) (1712.43 cGy, p < 0.001), LAD maximum (Dmax), LAD 2%
(D2%) (3527.33 cGy, p = 0.003), LAD 0.1cc (DO0.1cc) (3473.12 cGy, p=0.006) doses and
percentage of LAD that received 15Gy (V15) (43.69%, p < 0.001). No statistical
difference was observed between the two partial arc VMAT and full arc VMAT
techniques in LAD doses. Comparing cardiac V10, V15, and heart mean doses (MHD),
the 2PA-VMAT technique showed better organ protection than FA-VMAT, S&S IMRT,
and D-IMRT.2PA-VMAT and FA-VMAT showed similar results in cardiac V5, V20, V25,
V30, V40 and V45 values. When the median heart volume (567 cc) was used as a
threshold, those with heart volume smaller than 567cc had statistically significant
differences in LAD and heart doses in favor of 2PA-VMAT (p < 0.005). Conclusion:
VMAT technique protects LAD and heart better than IMRT technique in left-sided lung
cancer patients.

INTRODUCTION

Thoracic radiotherapy, as the mainstay treatment
for locally advanced stage III lung cancer, is also
associated with significant side effects, most
commonly esophagitis and pneumonitis. However,
little is known about the cardiotoxicity of thoracic
radiotherapy because of its short overall survival.
Long-term cardiotoxicity as a radiation therapy-
associated cardiovascular heart disease is well
established, primarily based on findings in patients
with breast cancer and lymphoma (1.2). Radiotherapy-
induced chronic inflammation in the coronary
arteries of these patients is thought to cause
accelerated atherosclerosis and the development of
cardiac events many years later (). The clinical
relevance of acute and subacute cardiac disease in
stage III non-small cell lung cancer (NSCLC) patients
following radiotherapy is unclearbecause lung cancer
patients generally already have cardiac comorbidities
or predisposing factors, and their overall survival is
short. Therefore, during radiotherapy planning
optimization, we usually ignore the heart and
prioritize the spinal cord, lungs, and esophagus due

to acute toxicity. Until the publication of the pivotal
RTOG-0617 trial, the relationship between heart dose
and mortality had not been adequately studied (.
Surprisingly, secondary analyses of this study
suggested that higher cardiac doses (V5 and V30
values) were associated with inferior survival (5.
Minimizing damage to vital organs while treating
intrathoracic tumors is challenging. Advances in
radiation treatment technology have helped deliver
curative doses to patients with locally advanced
disease while keeping critical organ doses within
tolerance which has been associated with better
quality of life and longer overall survival (0S) (68
Today, VMAT and IMRT techniques are more
commonly used in lung cancer (. The advantage of
IMRT over 3-D conformal planning is the reduction in
critical organ doses while improving target doses (19).
It was also shown that VMAT had better target
volume coverage and shorter treatment durations
than IMRT (1112), Tumor location, left versus right, is
also an important consideration for decreasing heart
and LAD doses and toxicity (1314). According to our
knowledge, there is no literature comparing LAD
doses between different IMRT and VMAT techniques
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for locally advanced left-sided lung cancer. So, this
study aimed to compare different radiotherapy
techniques in locally advanced left-sided lung cancer,
where cardiac dose is a much bigger concern, to
assess the impact of cardiac dose, LAD dose, and
cardiac volume on the planning process.

MATERIALS AND METHODS

The study was approved by the Kocaeli University
Non-Interventional Clinical Research  Ethics
Committee (Approval No: GOKAEK-2022/03.01).

Patient Selection and Contouring

This retrospective study was conducted on 29
patients treated for left lung cancer who were treated
with the Varian Trilogy linear accelerator device at
Kocaeli University Hospital Radiation Oncology Clinic
between 2017 and 2022. Patient characteristics are
listed in table 1.

Table 1. Demographic and clinical characteristics of patients.

Characteristics N=29 %
GENDER
Male 26 89,65
Female 3 10,35
AGE (MEDIAN) (Range) 63 (44-84)
TNM
T3N1 9 31,1
T3N2 8 27,6
T4NO 3 10,3
T4AN1 3 10,3
T4N2 6 20,7
STAGE
3A 15 51,7
3B 14 48,3
LOBE
Left Lower 16 55,1
Left Upper 13 44,9
PTV VOLUME MEAN (cc) (Range) 472 (87-1558)
TOTAL LUNG VOLUME MEAN (cc) 3445 (1426-6646)
(Range)
LAD VOLUME MEAN (cc) (Range) | 1,575 (0,9-3,15)
HEART VOLUME MEAN (cc) (Range) | 563 (374-934)

Patients were stabilized with lung boards and
computerized tomography (CT) images were
obtained with a 3 mm slice thickness and fused with
positron emission tomography (PET) images. Gross
tumor volume (GTV) was defined as the macroscopic
tumor, including lymph nodes, as detected on PET/CT
and simulation CT. The CTV encompassed the GTV
with an 8mm margin and the affected lymph nodes
with a 5 mm margin. For the planning target volume
(PTV), a 10 or 15-mm margin was isotropically added
to the CTV. The spinal cord, heart, LAD, aorta, lungs,
and esophagus were contoured as organs at risk
(OAR). Planned risk volume (PRV) for the spinal cord
was calculated with a 3 mm safety margin. LAD and
Heart volumes were recontoured by a physician
using non-contrast-enhanced CT imaging according
to the contouring atlas designed by Feng et al. (15).

Treatment Planning

Four different plans (D-IMRT, S-IMRT, FA-VMAT,
and 2PA-VMAT) were generated for each patient. The
prescribed dose was 60 Gy in 30 fractions. Treatment
plans with IMRT and VMAT were optimized to
achieve 95% coverage of the PTV. All plans were
calculated with the Varian (Palo Alto, CA) Eclipse
V13.9 treatment planning system using the
anisotropic analytical algorithm (AAA). 6MV FF
photon energy was used in all plans. Intensity-
modulated radiation therapy (IMRT) plans were
created using two techniques - Dynamic-IMRT
(D-IMRT) and Step-and-Shoot IMRT (S&S-IMRT).
Depending on the tumor location, seven gantry angles
(0°-40°-80°-120°-160°-200°-320°) were used. All
plans were first made using the dynamic IMRT
technique, and MLC movement was recalculated for
the step-and-shoot technique without changing the
dynamic IMRT optimization.

The FA-VMAT and 2PA-VMAT techniques were
used for VMAT planning. 2PA-VMAT plan was
generated using 2 partial arcs. The first arc began at
330° with a 30° collimator angle and a 210° clockwise
rotation. The second arc began at 179° with a 330°
collimator angle and a 210° counterclockwise arc.
Two full arcs were used for the FA-VMAT planning.
The first arc started at 181° with a 30° collimator
angle and 360° clockwise arc. The second arc started
at 179° with a 330°collimator angle and 360°
counterclockwise arc. An example of a patient
treatment plan showing the dose distribution and
field arrangements of four different treatment
techniques is shown in figure 1.

i Unspproved Transversal -CT.L

Figure 1. A patient treatment plan showing the dose
distribution of four different treatment techniques;la- two
partial arc VMAT (2PA-VMAT), 1b- full arc VMAT (FA-VMAT),
2a- Step and shoot IMRT (S&S-IMRT) techniques, 2b- dynamic
IMRT (D-IMRT).

The dose-volume constraints for OAR were set as
follows: For the lung; V5 < 65%, V10 < 50%, V20 <
30%, V30 <20%, and mean lung dose < 18 Gy. For the
heart, V50< 25% and mean heart dose < 20 Gy.
Esophageal mean dose <34 Gy. In this study, the LAD
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and heart doses were kept as low as possible.

Evaluation of Dose Volume Histogram

A dose-volume histogram (DVH) was used for PTV
and OAR dose comparisons. The PTV D98%, PTV
D2%, PTV D50%, HI {(PTV D2% - PTV D98%) /PTV
D50%}, and CI (PTVvol/IRvol 95%) were evaluated
for target coverage. For organs at risk, whole lung V5,
V10, V20 (the percentages of volumes receiving
5,10,20 Gy respectively) and Dmean, contralateral
lung V5 and Dmean, for spinal cord Dmax, for
esophagus Dmean and V35 values, for heart V5, V10,
V15, V20, V25, V30, V40, V45, V60, Dmax and Dmean
values, LAD V15, Dmax, Dmean, DO.1cc and D2%
values were obtained.

Dosimetric Evaluation Strafied by Heart Volume

To investigate the effect of heart volume on the
selection of the optimal technique, we separated the
29 patients into two groups: Fifteen patients with
heart volumes smaller and 14 patients with volumes
larger than the median volume of the heart (567
cm3). Heart V5, V10, V15, V20, V25, V30, V40, V45,
V50, V60, Dmax, and Dmean values for IMRT
(D-IMRT, S&S-IMRT) and VMAT (FA-VMAT and 2PA-

619

VMAT) were compared separately for the four
groups.

Statistical analysis

Groups were analyzed for normal distribution
using the Shapiro-Wilk test. For parametric data,
Repeated Measures ANOVA and the Friedman test for
nonparametric data were used for analysis. When the
Friedman analysis reported a significant difference,
the Wilcoxon test with Bonferroni correction was
used to compare each pair. Statistical significance
was set at p < 0.05. All data were analyzed using SPSS
v25.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS

Target Coverage

The PTV coverage data for the IMRT and VMAT
plans are summarized in table 2. Both the D-IMRT
and FA-VMAT techniques had better HI than
S&S-IMRT and 2PA-VMAT. The VMAT techniques (FA
-VMAT and 2PA-VMAT) had better CI than IMRT (S&S
-IMRT and D-IMRT). Statistical data are presented in
table 2.

Table 2. Evaluation of non-cardiac critical organ doses in IMRT and VMAT plans by DVH.

&S IMRT| DAMKT | 2PAVMAT | FAVMAT S&S-IMII;T s&s-n\g::; S&S-IMFF'{AT D-IMI;':;A D-IMRF1I'-\ ZPA-Vl\IéﬁT i
(mean+SD) (mean+SD) (mean+SD) (mean+SD) versus D- versus - | versus - |versus versus - | versus -
* * = = IMRT(p) | VMAT (p) | VMAT (p) | -VMAT(p) | VMAT(p) | VMAT(p)
WHOLE LUNG
V5 (%) féi‘; fé“;% fgij’} fi“g 0.000 0.000 0.000 0.000 | 0.000 0.006 |<0.001"
3246 | 3286 3452 39.95 .
0,
viow) | 230 | 328 ey o 0.000 0.007 0.000 0023 | 0.000 0.000 |<0.001
2161 | 21.79 20.88 21.73 :
0,
vao@) | 2190 | 24 0% nn 0.000 0.007 0.854 0003 | 0754 0.005 |<0.004
1247.42 | 125650 | 128651 | 1332.76 :
MLD (cGy) | 120742 | 125059 | 128001 | 33T 0.000 0.002 0.000 0.005 | 0.000 0.000 |<0.001
CONTRA-LATERAL LUNG
4332 | 4398 50.23 52.61 :
0,
vsiw) | 5332 | B2 2o 0.000 0.000 0.000 0.000 | 0.000 0.045 |<0.001
559.22 | 566.09 | 61455 | 704.52 :
MLD (cGy) | Jooan | 9099 | 9850 1 9% 1 0000 0.000 0.000 0.000 | 0.000 0.000 |<0.001
MEDULLA SPINALIS
Duiax 3’31@%212 fi‘;%zsg 3817752%15 3329{32 0.086 0.000 0.000 0.000 | 0.000 0265 |<0.001"
ESOPHAGUS
1193.90 | 1193.40 | 1403.7 | 1458.70( 0001
Duean (€Gy)| (907.90- | (923.30- | (977.70- | 1005.35- | 0.000 0.020 0.082 0.056 | 0.206 0247 |00
1915.55) | 1935.40) | 1931.2) | 1878.10)
11.16(0.04-11.42(0.02] 13.96( |11.19(0.03-| 0.001 -
0,
VIS8 [T | angs) |0.02.2087)| - 2085) 0.77 0.853 0635 | 0727 0.889  |0.250
AORTA
Duuax (€GY) 6496;"516* i“;;fg fi%'zg f‘ﬁ:zsz 0.000 0.001 0.191 0000 | 0028 0.000 |<0.001"
347357 | 3486.00 | 3449.61 | 3478.95 .
Duean (€GY)| | 51066 | £209.42 | £212.53 | +204.34 0.474
HI(Mean- | 0.10(0.09- | 0.09(0.08- | 0.10(0.09- | 0.09(0.08- <0.001"
Range) 0.11) 0.10) 0.11) 0.10) 0.000 0.112 0.721 0.008 0.122 0.000
Cl(Mean- | 0.99(0.98- [0.99(0.98- | 0.98(0.97- | 0.97(0.97- <0.001"
Raneet | >°200) L o0) o0) 0.55) 0.102 0361 0.000 0655 | 0.001 0.000
MU(Mean- | 678(575- | 944(782- | 520(200- | 596(538- <0.001"
Ronge) e Tone) o) e 0.000 0.000 0.008 0.000 | 0.000 0.000

* Repeated Measures ANOVA, ** Friedman Test, MHD: Mean Heart Dose, 2PA-VMAT: Two Partial Arc Volumetric Modulated Arc Therapy,
FA-VMAT: Full Arc Volumetric Modulated Arc Therapy, S&S-IMRT: Step and Shoot Intensity Modulated Radiotherapy, D-IMRT: Dynamic Intensity
Modulated Radiotherapy, MLD: Mean Lung Dose, HI: Homogeneity Index, Cl: Conformity Index, MU: Monitor Unit.
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Evaluation of cardiac structures

VMAT techniques resulted in lower LAD Dmean
values compared to IMRT. While D-IMRT had the
highest LAD Dmax value, FA-VMAT had the lowest.
LAD V15 was significantly lower in the VMAT
technique compared to IMRT. When comparing the
LAD D2% and LAD DO0.1cc, VMAT techniques were
found to outperform IMRT techniques. Based on the
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LAD data, the VMAT techniques were found to be
superior overall. Comparing cardiac V10, V15, and
MHD, the 2PA-VMAT technique showed better organ
protection than FA-VMAT, S&S IMRT, or D-IMRT. 2PA
-VMAT and FA-VMAT showed similar results for the
cardiac V5, V20, V25, V30, V40, and V45 values. The
physical parameters and statistical data for the LAD
and heart are given in table 3.

Table 3. Evaluation of cardiac doses in IMRT and VMAT plans by DVH.

S&S-IMRT| S&S-IMRT [S&S-IMRT| D-IMRT | D-IMRT [2PA-VMAT
(Sn%esa;:\“fSRI-)r) (n'?;“r:TSTD) (Zr:»:;\rl]lllls?)'li (:::;;Im?g) versus D- |versus 2PA |versus FA-|versus 2PA|versus FA-|versus FA-| P
= = = PN IMRT(p) | -VMAT(p) | VMAT(p) | -VMAT(p) | VMAT(p) | VMAT(p)
LAD

V15 (%) f?'gg fg'gg fi‘%% fg;i 0.001 0.001 0.005 0.001 0002 | 0878 |<0.001"
'()c“gy"’)“ 1233"7‘3 12‘1‘%2 géig; gégg: 0.000 0.012 0.021 0.004 0.009 0.381 [<0.001°
Dy | 3711.01 | 3726.51 | 3589.99 | 3527.33 .

oo | 35429 | 135419 | 36020 | 35096 | 0033 0.239 0.030 0206 | 0020 | 0127 |0.003
Doscc | 363534 | 3652 | 3517.14 | 3473.12 .

(cbv) | 135145 | +35153 | 35851 | £35850 | 0024 0.352 0.048 0.184 | 0025 | 0.122 |0.006

HEART

V5 (%) fg;'f)t f275122 fégi f%“;i 0.467 0.358 0.885 0618 | 0213 | 0055 |0.477°
V10 (%) fé‘iﬁ f%’ﬂi f?'gg 529211 0.000 0.033 0.879 0.036 | 0584 | 0.033 |0.002"
V15 (%) 34;.22% f‘;g‘(‘) fgi% 391'%88 0.000 0.010 0.048 0.009 | 0031 | 0011 [<0.001"
V20 (%) 1‘71'?13 Zi’g 312?:; }22293 0.000 0.002 0.002 0.002 0003 | 0.127 |<0.001"
V25 (%) 32'286 fzz'gg +7i5§3 +7i7739 0.002 0.002 0.001 0.002 0001 | 0794 |<0.001"
V30 (%) J;’f . +8ilfs +5i1355 +5103?o 0.000 0.007 0.003 0.005 0.003 | 0695 |<0.001"
V40 (%) +3i3§6 +3i4(§)6 366865 +2(')6§1 0011 | 0011 | 0008 | 0008 | 0006 | 0266 |<0.001"
V45 (%) +2('J3883 +20'4803 +2(.)o;2 +169(379 0.026 0.157 0.030 0.127 | 0021 | 0231 |<0.001"
V50 (%) +1é731 f; ‘Z +13',6314 +1_;,5233 0566 | 0185 | 0035 | 0183 | 0036 | 0162 |0.445
Dwax | 4600.56 | 4580.85 | 4672.30 | 464135 .

(o) | £47001 | tac5.03 | tavsas | 47240 | 0074 0.333 0.536 0.244 | 0384 | 0278 |0.415
MHD | 944.93 | 956.38 | 814.19 | 859.24 .
(cGy) | 16446 | +166.37 | £12920 | +13478 | ©0-000 0.071 0.417 0.078 | 0.198 001 |<0.001

* Repeated Measures ANOVA, ** Friedman Test, MHD: Mean Heart Dose, 2PA-VMAT: Two Partial Arc Volumetric Modulated Arc Therapy,
FA-VMAT: Full Arc Volumetric Modulated Arc Therapy, S&S-IMRT: Step and Shoot Intensity Modulated Radiotherapy, D-IMRT: Dynamic Intensity
Modulated Radiotherapy, MLD: Mean Lung Dose, HI: Homogeneity Index, Cl: Conformity Index, MU: Monitor Unit.

Subgroup analysis based on heart volume

The patients were divided into two groups to
examine the effect of heart volume on LAD and heart
dose. In the subgroup analysis, those with heart
volumes smaller than 567cc had statistically
significant differences in LAD and heart doses
between VMAT and IMRT, except for heart V5. In
addition, 2PA-VMAT was better than FA-VMAT for
LAD V15, Heart V5, V10, V20 and MHD. The
2PA-VMAT provided better organ protection. The
S&S-IMRT technique was better than the D-IMRT
technique for all the parameters. In patients with
heart volumes bigger than 567cc, VMAT techniques
were statistically superior to IMRT only for LADV15,
but no other difference was observed for the others
between VMAT and IMRT. Statistical data are
presented in table 4.

Evaluation of critical organs and physical
parameters

S&S IMRT resulted in the lowest values for total
lung V5, V10, and MLD, 51.94%, 32.46% and 1247.42
cGy, respectively. In contrast, V20 was the lowest in
the 2PA-VMAT plans. When the contralateral lung
data were analyzed, S&S-IMRT had the lowest V5 and
MLD doses, resulting in 43.32% and 559.22 cGy, re-
spectively. The 2PA-VMAT technique had the lowest
Dmax in the medulla spinalis. The lowest mean
esophageal dose was observed with S&S-IMRT. The
Dmax of the aorta received the lowest dose of
6415.69 cGy with D-IMRT. The 2PA-VMAT technique
had the shortest treatment duration. The critical or-
gan doses and physical parameters are summarized
in table 2.
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Table 4. Subgroup analysis based on heart volume.

VOLUME | SSSIMRT | DAVRT | 2PA-VMAT | FAVMAT | *0 T Lt CL 20 ercus i versus PAerus FAversus A
<567cc = - - =>“7ID-IMRT (p)|-VMAT (p) | VMAT (p) |-VMAT (p) | VMAT (p) | VMAT (p)
LADV15 fgg 53231 f%’_:‘; 557%;; 0023 | 0041 | 0136 | 0039 | 0101 | 0.041

LA?G?,“;EA" féélz jé%ﬁ fgé‘rg jg‘.?)i 0.011 0.027 0.112 0.015 0.069 0.100

HEART V5 532788 fg'.'r;gg oo fg'.g 0.005 | 0861 | 0169 | 0552 | 0.262 | 0.050

HEART V10 fgﬁ% jgg 18%‘262 jg'if) 0.001 0.039 0.507 0.028 0.917 0.003
HEARTV20| 2390 1345'.23 iligi jgi‘é 0002 | 0005 | 0006 | 0005 | ooos | 9023
HEART V30 J_}ggsg ilg"igg :f?l fi‘l; 0.005 0.008 0.012 0.008 0.012 0.695
HEART V40 1362.3;3 fé%ls iz(')f"fz i2(.)§656 0.019 0.013 0.016 0.013 0.016 0.878
MHD (Gy) 1_}2231% 5225153 tlg'_ti ;11171 0.001 0.023 0.307 0.02 0.061 0.004
HEART VOLUME >567cc
LADV15 12;’;‘ f";%é 1286'_‘;3 566'.%‘; 0.024 0.058 0.025 0.044 0.021 0.103
D OMEAN| 1308 |13 10 | 1233 7110 005 | 0155 | ooss | 0106 | 0041 | 0262
HEART V5 568'_231 f:;gg fg'_izz f‘;';i 0.382 0.596 0.597 0.364 0.428 0.955
HEART V10 igzéé J_,lé'.%% i‘;;g 3;1372 0.512 0.229 0.140 0.362 0.222 0.325
HEART V20 l}é’_‘; i%s'.?z 18"5’8 ;;1‘.‘375 0.222 0.221 0.154 0.221 0.156 0.313
HEART V30 ff; f 4?110 142(.)55 " fggo 0.148 0.334 0.252 0.156 0.238 0.241
HEART V40 12;_3121 izfgg i2£599 izg; 0.672 0.365 0.269 0.339 0.257 0.107
MHD(Gy) 165537 ffszs ffé ffgz 0945 | 0417 | 0316 | 0416 | 0320 | 0.449
DISCUSSION study, VMAT protected the LAD and heart better than

In our study, we compared the cardiovascular
doses among S&S-IMRT, D-IMRT, 2PA-VMAT, and
FA-VMAT techniques, while ensuring that cardiac
doses were kept as low as possible and other critical
organ doses were within tolerance limits. IMRT is
increasingly used to treat lung cancer, although
high-level evidence does not support its routine use.
It delivers high doses of radiation therapy to targets
while protecting surrounding normal tissues (16).
Therefore, it could improve treatment rates for lung
cancer while minimizing toxicity. In a prospective
phase 1 study, IMRT decreased V20 and mean dose
for the lung, V5 for the heart, and all dosimetric
endpoints for the esophagus (7). In our study,
although MHD and esophagus (Dmean and V35)
showed similar results, the 2PA-VMAT technique
resulted in further reduction for V20. A study about
acute toxicity results of VMAT proved that VMAT is
safe for large non-small cell lung cancer masses (18),
VMAT is a type of IMRT technique in which the dose
volume is delivered during a single 360°gantry arc
continually delivering radiation. During rotation,
MLCs are adjusted to generate hundreds of fields that
generates a more conformal dose distribution. In our

IMRT.
There is limited data in the literature comparing

the IMRT and VMAT techniques for lung cancer. A
retrospective study was conducted to compare the
effectiveness of IMRT and Single Arc (SA)/Partial Arc
(PA)-VMAT plans. The SA-VMAT technique provided
a highly conformal dose distribution to the target and
reduced high lung doses compared to IMRT.
However, there was no significant difference
between heart doses in both techniques (19. In our
study, V20 was found to be the lowest with VMAT
while significantly lower heart doses were observed
with VMAT plans than with IMRT.

In most studies, the entire heart was regarded as a
single organ at risk and was contoured accordingly.
However, studies have shown that the toxic effects of
radiation on the heart also depend on the
substructures; therefore, dose limits should be
adjusted accordingly . In general, studies have
investigated the dose to the heart and its
substructures in left breast irradiation, and the
relationship between survival and toxicity. Only a few
studies have compared the doses to the heart and its
substructure in patients with lung cancer. Atkins et
al. studied the effects of cardiac doses and MACE on
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lung cancer (2021), They reported a correlation
between LAD V15 and the risk of major adverse
cardiac events. They also showed that MHD was
insufficient to predict LAD V15 with confidence, and
when LAD was included in the calculation
parameters, the percentage of LAD V15 was reduced
to 87.19 % of the original plan. In our study, we
reduced the mean LAD V15 dose by 10.9% by
changing the planning technique, without adding LAD
to the optimization. Another study showed that by
including the LAD and LV cardiac substructures in
the optimization of IMRT and VMAT plans, the
cardiac substructures caused a significant dose
reduction (22),

An increased heart dose was also associated with
overall survival in patients with lung cancer. A study
by Speirs et al. found that an increased dose to the
heart is associated with worse overall survival
independently and keeping cardiac V50 below 25%
improves the 2-year OS by nearly 20% (23). In our
study, V50 mean values were also very low (<5 Gy)
for all techniques. Both 2PA-VMAT and FA/VMAT
reduced the heart and LAD doses compared with the
IMRT technique, indicating that the 2PA-VMAT
technique was effective in all patients, especially if
the heart volume was less than 567 cc. The studies
did not provide the cut-off value associated with the
heart.

CONCLUSION

To our knowledge, this is the first study to
compare LAD doses between different IMRT and
VMAT techniques for locally advanced lung cancer.
Because isolated low LAD V15 was also shown to
significantly reduce the risk of MACE, LAD should
also be added to the optimization process of
radiotherapy planning. Combination systemic
therapies like targeted and immunotherapy will
make cardiotoxicity a greater priority in lung cancer
treatment. Prospective studies are needed to
evaluate the clinical benefits of VMAT in locally
advanced lung cancer.
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