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Abstract

Background: One of the most significant long-term toxicities of breast cancer radiotherapy is major adverse cardiac events (MACE). In
current radiotherapy practice, the mean heart dose is the most commonly used parameter. The aim of our study was to reduce the doses
of organs at risk (OAR) in the left anterior descending artery (LAD) and left ventricle (LV) by including the LAD and LV in planning
radiotherapy while maintaining adequate dose coverage for patients with left-sided breast cancer. Methods: We retrospectively analyzed
left-sided breast cancer cases treated at the Kocaeli University Faculty of Medicine. Only patients with local and locally advanced breast
cancer were included in the analysis. A total of 77 patients who were treated between 2020 and 2024 were included. The doses to
the LAD and LV were added to the optimization algorithms. Two volumetric modulated arc therapy (VMAT) plans were created for
each patient. A total of 154 plans were made, including standard and LAD and LV sparing plans. Results: There was no statistically
significant difference in all VMAT plans regarding planning target volume (PTV) D2, D50, and D98 (dose receiving volume of PTV 2%,
50%, and 98%) (p > 0.05). However, a significant decrease was observed in heart V5 (the percentage of the heart receiving at least 5
gray (Gy)) and mean heart dose. A decrease in the mean heart dose was observed in the standard plan compared with the LAD and LV
sparing plan (p < 0.001). Similarly, the heart V5 value decreased significantly (p < 0.001). Additionally, significant reductions were
measured in all LAD and LV parameters after re-optimization. Conclusions: We achieved significant reductions in all heart, LAD, and
LV parameters without making any changes to the planned treatment volume coverage by adding LAD and LV OARs to the optimization
algorithms. The potential risk of MACE can be significantly reduced by implementing this strategy.
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1. Introduction at risk (OAR). According to a study by Darby et al. [5], an
increase of 1 gray (Gy) in MHD was associated with a 7.4%
increase in the risk for MACE. To mitigate MHD and the
MACE risk, deep inspiration breath hold (DIBH) is used
[6]. DIBH can also be used to reduce the doses to cardiac
structures, especially left anterior descending artery (LAD)
[7]. In 2011, Vikstrom et al. [8] showed that the MHD and
LAD can be reduced by utilizing the DIBH method by as
much as 54% and 65%, respectively. A study by Tang et al.
[9] has shown significant correlations between MHD and
doses received by the left ventricular (LV) and right ventric-
ular (RV) anterior and apical walls. Tjong et al. [10] found
that the key factors in predicting MACE risk after radiother-
apy are pre-existing hypertension, coronary heart disease,
and LAD V15 (LAD volume receiving 15 Gy in standard
plan). The Cardiac disease, Hypertension, and Logarith-
mic Left anterior descending coronary artery radiation dose
(CHyLL) score incorporates LAD V15 rather than MHD to
calculate personalized LAD V15 constraints based on car-
diac risk factors [10].

The World Health Organization reports that breast
cancer is one of the most common cancers worldwide, with
approximately 2.3 million new diagnoses annually [1]. The
majority of recently diagnosed patients are treated with ra-
diotherapy as adjuvant therapy to breast-conserving surgery
[2]. Radiotherapy is associated with longer overall survival
and longer local progression-free survival [3]. Radiother-
apy is also used in palliative settings to enhance patients’
quality of life.

Due to anatomical proximity and the limitations of
current techniques, the spread of radiation to normal tis-
sues is inevitable. The most frequent acute toxicity in breast
cancer radiotherapy is skin toxicity, whereas major adverse
cardiac events (MACE) are late toxicities. The RTOG0617
study showed that in locally advanced non-small cell lung
cancer (NSCLC) patients, overall survival is related to heart
V5 and V30 volumes [4]. In current radiotherapy practice,
the heart is generally contoured as a single organ and the
mean heart dose (MHD) is the most commonly used organ
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This study aimed to dosimetrically reduce LAD and
LV doses as OARSs by including them in planning optimiza-
tion for patients with left-sided breast cancer.

2. Materials and Methods

We retrospectively analyzed cases of left breast cancer
treated at the Kocaeli University Faculty of Medicine. In
this analysis, only patients with local and locally advanced
disease were included. These patients were expected to
have a target volume near the heart. Patients who under-
went free-breathing (FB) or DIBH computed tomography
(CT) scans were included. Exclusion criteria was a pre-
dated second cancer diagnosis. All patients who met the
inclusion criteria were enrolled in this study.

Institutional review board approval was obtained for
this study. The Non-Interventional Clinical Research
Ethics Committee of Kocaeli University approved the
study, which convened on 14.02.2022 and assigned proto-
col number 2022/106.

In standard radiotherapy, the heart is contoured and
evaluated as a single organ. In this study, the LAD and LV
were contoured as substructures and incorporated into the
optimization algorithms to minimize the doses while main-
taining target volume coverage and adhering to dose con-
straints for other critical thoracic OARs. An overview of
the optimization parameters for both the standard and spar-
ing plans is shown in Table 1. The planning target vol-
ume (PTV) and OAR parameters in the standard plan were
left unchanged, and only the LAD and LV parameters were
added to the optimization algorithm.

DIBH and FB CT images were contoured by a radi-
ation oncology specialist according to the Radiation Ther-
apy Oncology Group (RTOG) contouring atlases [11]. The
contoured organs included the right and left breasts, lungs,
heart, and intracardiac structures, specifically the left ante-
rior descending artery and left ventricle. An experienced
medical physicist designed new cardiac-optimized volu-
metric modulated arc therapy (VMAT) plans by integrating
the previously mentioned structures into the Varian (Palo
Alto, CA, USA) Eclipse V13.6 treatment planning system
plan optimizer. Integration and planning were standard-
ized, and treatment plans for all patients were calculated

Table 1. Optimization parameters for standard and sparing

plans.
Standard plan Sparing plan
PTV PTV
Heart Heart
Contralateral breast Contralateral breast
Left lung Left lung
PRV PRV
Left anterior descending artery
Left ventricle

PTV, planned target volume; PRV, planned risk volume.

using the same optimization parameters. The goal was to
maximize the protection of intracardiac substructures while
ensuring PTV coverage and following dose constraints for
OARs.

VMAT plans were developed for all patients. This in-
volved two arcs. The first arc started at 293° with a colli-
mator angle of 30° and was a clockwise arc of 240°. The
second arc started at 173° with a collimator angle of 330°
and was a 240° counterclockwise arc. Subsequently, the
LAD and LV sparing plans (LADLVSP) aimed to spare the
LAD and LV. The treatment plans were normalized to en-
sure that 95% of the PTV would receive a dose of 50 Gy.

Dosimetric data for the conventional and LADLVSP
VMAT plans were collected using the Varian (Palo Alto,
CA, USA) Eclipse V13.6 planning software. A compari-
son was made between the standard and LADLVSP plans.
V15 is the percentage of volume receiving 15 Gy, and D2
is the maximum dose received to 2% of the PTV. D50 is
the median dose received by 50% of the PTV. D98 is the
minimum dose applied to 98% of the PTV [12]. Dosimetric
data were obtained using the dose-volume histogram. Mean
heart dose, heart V5, and heart V30 were used to compare
differences in heart doses between plans. PTV D2, D98,
and D50 were used to compare dose distribution. Mean
LAD dose, LAD D2, and LAD V15 were used to compare
LAD doses. Mean LV dose, LV D2, and LV V23 were used
to compare LV doses.

Dosimetric data were analyzed for normal distribution
using Kolmogrov-Smirnov Test. Non-parametric data were
compared between the conventional and LADLVSP groups
using a Wilcoxon‘s test with Bonferroni correction. The
parametric data were compared using the paired 7-test. The
significance was assessed at the = 0.05 level. Statistical
analyses were conducted using SPSS version 25.0 (SPSS
Inc., Chicago, IL, USA).

3. Results

77 patients treated from 2020 to 2024 met the inclu-
sion criteria. Table 2 illustrates the demographic and clin-
ical characteristics of the patients. 77 Standard and 77
LADLVSP plans were created for each patient. A total of
154 plans were analyzed. Re-optimized plans met the pre-
scribed treatment dose, while critical organ doses remained
within safety limits according to guidelines [13]. Table 3
summarizes the mean changes in the LAD, LV, PTV, and
heart in both VMAT plans. No statistically significant dif-
ferences were found in the VMAT plans for PTV D2, D98,
and D50 (p > 0.05). However, a significant reduction was
seen in heart V5 and mean values. The mean heart dose,
which was 6.65 £ 0.15 in the standard plan, decreased to
6.03 £ 0.10 in the LADLVSP (p < 0.001). Similarly, the
heart V5 percentage, which was 50.8 + 16.63, decreased to
45.41 4+ 13.60 (»p < 0.001). Significant reductions were
also measured for all LAD and LV parameters after re-
optimization.
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Table 2. Demographic and characteristic distribution of patients.

Age group (0-39)  Age group (40—-69)  Age group (70+) Total

Age 56 (31-80)
Stage

la 1 36 10 47

1b 0 1 0 1

2a 2 15 1 18

2b 0 10 0 10

3a 1 0 0 1
Size

<5cm 4 59 11 74

>5cm 0 3 0 3
ER status

Negative 2 11 2 15

Positive 2 51 9 62
Her-2 status

Negative 4 62 11 77

Positive 0 0 0 0
Tumor quadrant

LI (Lower inner) 0 19 4 23

LO (Lower outer) 2 3 0 5

UO (Upper outer) 2 26 3 31

UI (Upper inner) 0 14 4 18
Grade

1 1 14 5 20

2 2 31 5 38

3 17 1 19

According to AJCC Cancer Staging Manual, Eighth Edition, the letters a and b are used to further subdivide
a stage based on tumor characteristics. For instance, stage la typically indicates a small tumor with no or

minimal lymph node involvement, whereas stage 1b may denote similar tumor size but with microscopic

nodal involvement. Similarly, the subdivisions in stage 2 (2a vs 2b) reflect differences in tumor size or extent

of nodal involvement. Abbreviations: ER, estrogen receptor.

When evaluated individually, 26 patients with an ini-
tial LAD V15 dose greater than 50% experienced a re-
duction to 50% or below after VMAT plan re-optimization
(Fig. 1). The number of patients with an LAD V15 dose
greater than 50% in the standard plan was 40. Additionally,
we successfully reduced the LAD mean dose from above 20
Gy to below 20 Gy in 13 patients. The number of patients
with an LAD mean dose above 20 Gy in the standard plan
was 16. Cross-sectional CT images of a patient whose mean
LAD dose was reduced to below 20 Gy are shown in Fig. 2.

4. Discussion

In this study, we created new treatment plans by in-
corporating the LAD and LV organs into standard radio-
therapy plans. We observed significant reductions in heart,
LV, and LAD doses. For the other specified OARs, a sig-
nificant increase in the mean dose to the right breast was
observed. The clinical relevance of the mean contralateral
breast dose is not well established in the current literature,
especially compared to genetic and histological risk factors.
Zurl et al. [14] stated that the increased mean contralateral
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Fig. 1. Box plots of LAD V15 in standard and sparing planning
techniques, shown side by side. LAD V15, LAD volume receiv-
ing 15 Gy in standard plan; SLAD V15, LAD volume receiving
15 Gy in sparing plan; LAD, left anterior descending artery.
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Table 3. Dosimetric comparison of the VMAT plans.

Standard plan LADLVSP Difference p value
PTV D2 (Gy) 55.69 4+ 0.07 55.68 + 0.07 0.01 p=0.773
PTV D98 (Gy) 48.83 + 0.02 48.82 + 0.02 0.01 p=0.464
PTV D50 (Gy) 53.21 +£0.02 53.21 +0.02 0.00 p=0.797
Heart mean (Gy) 6.65 +0.15 6.03 +0.10 0.62 p < 0.001
Heart V5 (%) 50.8 £ 16.63  45.41 £ 13.60 5.40 p < 0.001
Heart V30 (%) 0.54 +0.08 0.20 £+ 0.03 0.34 » < 0.001
Lad mean (Gy) 17.32 £ 0.55 12.41 +0.52 491 p < 0.001
Lad D2 (Gy) 29.52+7.14 2426+ 17.73 5.26 p < 0.001
Lad V15 (%) 51.89 £22.19  29.59 + 21.69 22.30 p < 0.001
LV mean (Gy) 7.46 +0.18 5.59 +0.12 1.87 p < 0.001
LV D2 (Gy) 22.14 +5.74 17.28 +5.32 4.86 p < 0.001
LV V5 (%) 58.59 £2.23 37.17 £ 2.17 21.42 p < 0.001
LV V23 (%) 2.46 +2.69 091+ 1.14 1.55 p < 0.001
RV V20 (%) 1.28 +£2.86 0.82 +1.92 0.46 p=0.056
Right breast mean (cGy) 381.25 395.62 14.37 p < 0.001
Left lung V20 (%) 21.22 19.92 1.30 p < 0.001
Right lung V5 (%) 36.29 37.19 0.90 p=0.316

Abbreviations: LADLVSP, left anterior descending coronary artery and left ventricle—sparing plan;

PTV, planning target volume; Vn, percentage of the volume receiving n Gy; D2, D50, and D98, dose

receiving volume of PTV 2%, 50%, and 98%, respectively; LAD, left anterior descending artery; LV,

left ventricle; LAD V15, LAD volume receiving 15 Gy in standard plan; cGy, centigray; Gy, gray;

VMAT, volumetric modulated arc therapy; RV, right ventricular.

Data are presented as mean =+ standard error.

Fig. 2. Cross-sectional CT images of a patient with the LAD and LV delineated. (A1,A2,A3) LAD/LV sparing plan transverse,
coronal and sagittal sections. (B1,B2,B3) Standard plan transverse, coronal and sagittal sections. (C) DVH image of LAD and LV

cardiac substructures in sparing and standard plans. Isodose line represents 5 Gy. Additionally, the dose-volume histogram (DVH)
displays the dose distributions for the LAD (yellow) and LV (green). LAD, left anterior descending artery; LV, left ventricle; 3D, three-

dimensional; PTV, planning target volume; cGy, centigray; Gy, gray; CT, computed tomography; £: standard plan LV dose distribution;

/\: standard plan LAD dose distribution; (3: sparing plan LV dose distribution; (J: sparing plan LAD dose distribution.

breast dose associated with DIBH should not impact clinical
decision-making regarding the excess risk of contralateral
breast cancer (CBC). Current CBC risk assessment tools
do not account for the dose received by the contralateral
breast, and only ask whether radiotherapy was administered
[15]. We also believe that a 3% increase in the contralateral
breast dose during VMAT plan re-optimization should not
affect clinical decision-making, especially considering the
substantial 43% reduction in LAD V15.

Given the stronger association between the LAD and
MACE compared to the MHD, the significant reduction in
the LAD V15 dose suggests that protecting the LAD may
be crucial in lowering the risk of MACE. Darby et al. [5]
showed a significant elevation in the risk of ischemic heart
disease after radiotherapy, and found a 7.4% increase in the
risk of MACE per gray of MHD delivered to the patient.
Our findings support the notion that this potential risk can
be mitigated by protecting the LAD by including the OARs
in treatment optimization. Similar dose reductions have
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been reported in the literature for patients using DIBH. Par-
laretal. [16] observed a 50% reduction in MHD with DIBH
compared with free-breathing techniques. Wolf ef al. [17]
also reported significant reductions in heart and LAD doses
using the DIBH technique, highlighting its effectiveness in
sparing cardiac structures. For patients unable to perform
DIBH, the method developed in this study is a viable alter-
native to reduce the risk of MACE.

The use of intensity-modulated radiotherapy (IMRT)
plans instead of three-dimensional conformal radiotherapy
(3D-CRT) has been documented in the literature to reduce
doses to the LAD and the heart. Garg and Kumar [18]
found that IMRT plans significantly reduced the MHD and
LAD by 30% and 25%, respectively, compared to 3D-CRT
plans. The improved dose distribution offered by IMRT
and VMAT techniques provide significant advantages for
protecting critical organs. The literature reports that when
the LAD dose exceeds 20 Gy, the risk of radiation-induced
coronary stenosis increases by five-fold. Wennstig et al.
[19] observed that patients receiving more than 20 Gy to
the LAD had a significantly higher frequency of coronary
artery interventions. In our study, we successfully reduced
LAD doses to below 20 Gy in 13 out of 16 patients, thereby
demonstrating the efficacy of our approach.

Van den Bogaard ef al. [20] examined the impact of
a LV V5 dose on MACE and found a significant risk re-
duction with lower LV V5 doses. Similar significant dose
reductions were achieved in our patients. For instance, we
observed a reduction in the LV V5 dose by 21% compared
with conventional planning methods.

Arslan et al. [21] previously incorporated the LAD
and LV into their optimization algorithm to minimize doses
to these critical structures. Despite these efforts, the study’s
limited sample size resulted in a statistically significant re-
duction in only D98, whereas the reduction in LV V5 was
not statistically significant. Arslan et al. [21] reported a
12% reduction in the mean LAD dose and an 8% reduc-
tion in the mean LV dose in their cohort of 20 patients. Our
study corroborates their findings. Using an improved study
design with a larger sample size, we have established that
this method can effectively lower doses to the LAD and
LV. We achieved these results even when the differences
between treatment plans were not statistically significant,
highlighting the eficacy of our optimization algorithm.

Wang et al. [22] found that even low-dose radia-
tion can cause perfusion damage in the irradiated areas.
Therefore, adhering to the ALARA (As Low As Reason-
ably Achievable) principles, we aimed to minimize radia-
tion doses to the lowest possible levels.

Radiotherapy-induced cardiotoxicity is a significant
concern in the treatment of breast cancer. In a study by
Diaz-Gavela ef al. [23], the doses received by the heart
during radiotherapy increased the risk of cardiac disease.
The study revealed that the average heart and LAD doses
were associated with increased cardiotoxicity. Specifically,
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higher doses to the LAD artery were associated with a
greater risk of cardiac events. The maximum heart dose also
plays a crucial role in determining this risk. These findings
underscore the importance of minimizing doses using ad-
vanced radiotherapy techniques. Heart-sparing radiother-
apy methods and multidisciplinary approaches are critical
for reducing long-term cardiac complications and improv-
ing overall survival and quality of life for breast cancer pa-
tients [23].

Yesildere and colleagues [24] conducted a dosimetric
comparison between proton and photon therapies for the
treatment of left-sided breast cancer. The study found that
proton therapy significantly reduced doses to the heart and
LAD. Specifically, proton therapy reduced the mean heart
dose by 45% and the mean LAD dose by 50%. This dose re-
duction underscores the potential of proton therapy to min-
imize cardiac side effects. These findings suggest that pro-
ton therapy may be more advantageous for breast cancer
treatment [24].

The limitations of this study include that only patients
with left-sided breast cancer were included in this study.
Therefore, the results are not applicable to right-sided breast
cancer. Due to the low number of FB patients, comparative
analysis of the sparing technique between DIBH and FB CT
scans should be performed. This study was conducted ret-
rospectively, which may introduce potential biases inherent
to retrospective analyses, such as sampling bias and incom-
plete data collection.

5. Conclusions

Our method can be used with other advanced radio-
therapy techniques to reduce the risk of MACE in patients
with early-stage breast cancer. Future prospective studies
should more comprehensively evaluate the effectiveness of
LAD and LV protection strategies and their role in reducing
MACE in clinical practice.

Availability of Data and Materials

The datasets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Author Contributions

Conceptualization, UD, AOK, IHS, NT, OA, HFC,
DG:; clinical reasoning, UD, MGA, EBS, AUK; data anal-
ysis, NT, IHS, AOK, OA, DG; writing—original draft
preparation, UD, AOK, IHS, NT, OA; writing—review and
editing, UD, HFC, MGA, EBS, AUK, DG; visualization,
IHS, OA, HFC, AOK, NT; supervision, MGA, EBS, AUK;
project administration, UD, HFC, EBS, MGA, AUK, DG.
All authors have read and agreed to the final version of the
manuscript. All authors have participated sufficiently in the
work and agreed to be accountable for all aspects of the
work.


https://www.imrpress.com

Ethics Approval and Consent to Participate

This study was conducted in accordance with the

guidelines of the Declaration of Helsinki, the Ethics Com-
mittee of Kocaeli University (Ethic Approval Number:
2022/106), and all of the participants provided signed in-
formed consent.

Acknowledgment

We gratefully acknowledge the assistance of Dr.

Ozlem Ay and Dr. Deniz Celik from Kocaeli University
in the acquisition and contouring of treatment CT images.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

(1]

(2]

[3]

(4]

(3]

(6]

(7]

(8]

[9]

World Health Organization. Breast cancer. 2023. Available
at: https://www.who.int/news-room/fact-sheets/detail/breast-c
ancer (Accessed: 25 October 2023).

National Cancer Institute. Breast Cancer Treatment. 2023.
Auvailable at: https:/progressreport.cancer.gov/treatment/breast
_cancer (Accessed: 25 October 2023).

Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans
V, et al. Effects of radiotherapy and of differences in the ex-
tent of surgery for early breast cancer on local recurrence and
15-year survival: an overview of the randomised trials. Lancet
(London, England). 2005; 366: 2087-2106. https://doi.org/10.
1016/S0140-6736(05)67887-7.

Bradley JD, Paulus R, Komaki R, Masters G, Blumenschein G,
Schild S, et al. Standard-dose versus high-dose conformal radio-
therapy with concurrent and consolidation carboplatin plus pa-
clitaxel with or without cetuximab for patients with stage 1IIA
or [1IB non-small-cell lung cancer (RTOG 0617): a randomised,
two-by-two factorial phase 3 study. The Lancet. Oncology.
2015; 16: 187-199. https://doi.org/10.1016/S1470-2045(14)
71207-0.

Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman
U, Bronnum D, et al. Risk of ischemic heart disease in women
after radiotherapy for breast cancer. The New England Journal
of Medicine. 2013; 368: 987-998. https://doi.org/10.1056/NE
JMo0al209825.

Bergom C, Currey A, Desai N, Tai A, Strauss JB. Deep Inspira-
tion Breath Hold: Techniques and Advantages for Cardiac Spar-
ing During Breast Cancer Irradiation. Frontiers in Oncology.
2018; 8: 87. https://doi.org/10.3389/fonc.2018.00087.

Stowe HB, Andruska ND, Reynoso F, Thomas M, Bergom C.
Heart Sparing Radiotherapy Techniques in Breast Cancer: A
Focus on Deep Inspiration Breath Hold. Breast Cancer (Dove
Medical Press). 2022; 14: 175-186. https://doi.org/10.2147/BC
TT.S282799.

Vikstrom J, Hjelstuen MHB, Mjaaland I, Dybvik KI. Cardiac
and pulmonary dose reduction for tangentially irradiated breast
cancer, utilizing deep inspiration breath-hold with audio-visual
guidance, without compromising target coverage. Acta Onco-
logica (Stockholm, Sweden). 2011; 50: 42-50. https://doi.org/
10.3109/0284186X.2010.512923.

Tang S, Otton J, Holloway L, Delaney GP, Liney G, George A,

et al. Quantification of cardiac subvolume dosimetry using a 17
segment model of the left ventricle in breast cancer patients re-

[10]

(1]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ceiving tangential beam radiotherapy. Radiotherapy and Oncol-
ogy: Journal of the European Society for Therapeutic Radiology
and Oncology. 2019; 132: 257-265. https://doi.org/10.1016/j.ra
donc.2018.09.021.

Tjong MC, Bitterman DS, Brantley K, Nohria A, Hoffmann
U, Atkins KM, et al. Major adverse cardiac event risk predic-
tion model incorporating baseline Cardiac disease, Hyperten-
sion, and Logarithmic Left anterior descending coronary artery
radiation dose in lung cancer (CHyLL). Radiotherapy and On-
cology: Journal of the European Society for Therapeutic Ra-
diology and Oncology. 2022; 169: 105-113. https://doi.org/10.
1016/j.radonc.2022.02.010.

Duane F, Aznar MC, Bartlett F, Cutter DJ, Darby SC, Jagsi R,
et al. A cardiac contouring atlas for radiotherapy. Radiotherapy
and Oncology: Journal of the European Society for Therapeutic
Radiology and Oncology. 2017; 122: 416-422. https://doi.org/
10.1016/j.radonc.2017.01.008.

Prescribing, recording, and reporting photon-beam intensity-
modulated radiation therapy (IMRT). Journal of the ICRU. 2010;
10: 1-3. https://doi.org/10.1093/jicru_ndq002.

Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS,
Eisbruch A, et al. Use of normal tissue complication probabil-
ity models in the clinic. International Journal of Radiation On-
cology, Biology, Physics. 2010; 76: S10-9. https://doi.org/10.
1016/j.ijrobp.2009.07.1754.

Zurl B, Stranzl H, Winkler P, Kapp KS. Quantification of con-
tralateral breast dose and risk estimate of radiation-induced con-
tralateral breast cancer among young women using tangential
fields and different modes of breathing. International Journal
of Radiation Oncology, Biology, Physics. 2013; 85: 500-505.
https://doi.org/10.1016/j.ijrobp.2012.04.016.

Giardiello D, Hooning MJ, Hauptmann M, Keeman R,
Heemskerk-Gerritsen BA, Becker H, et al. PREDICTCBC-20:
A contralateral breast cancer risk prediction model developed
and validated in 200,000 patients. 2022. (preprint) https://doi.or
2/10.21203/rs.3.r5-1767532/v1.

Parlar S, Var G, Cosar R, Dogan M, Ozguven Y, Nurlu D, ef al.
Investigation of cardiac and pulmonary doses in patients with
left sided breast cancer treated by radiotherapy with deep inspi-
ration breath hold technique. International Journal of Radiation
Research. 2022; 20: 369-375. https://doi.org/10.52547/ijrr.20.
2.17.

Wolf J, Stoller S, Liibke J, Rothe T, Serpa M, Scholber J,
et al. Deep inspiration breath-hold radiation therapy in left-
sided breast cancer patients: a single-institution retrospective
dosimetric analysis of organs at risk doses. Strahlentherapie
und Onkologie. 2023; 199: 379-388. https://doi.org/10.1007/
$00066-022-01998-z.

Garg A, Kumar P. Dosimetric Comparison of the Heart and Left
Anterior Descending Artery in Patients With Left Breast Can-
cer Treated With Three-Dimensional Conformal and Intensity-
Modulated Radiotherapy. Cureus. 2022; 14: ¢21108. https://do
1.org/10.7759/cureus.21108.

Wennstig AK, Garmo H, Isacsson U, Gagliardi G, Rinteld N,
Lagerqvist B, et al. The relationship between radiation doses
to coronary arteries and location of coronary stenosis requir-
ing intervention in breast cancer survivors. Radiation Oncol-
ogy (London, England). 2019; 14: 40. https://doi.org/10.1186/
s13014-019-1242-z.

van den Bogaard VAB, Spoor DS, van der Schaaf A, van Dijk
LV, Schuit E, Sijtsema NM, et al. The Importance of Radia-
tion Dose to the Atherosclerotic Plaque in the Left Anterior De-
scending Coronary Artery for Radiation-Induced Cardiac Tox-
icity of Breast Cancer Patients? International Journal of Ra-
diation Oncology, Biology, Physics. 2021; 110: 1350-1359.
https://doi.org/10.1016/].ijrobp.2021.03.004.

&% IMR Press


https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://www.who.int/news-room/fact-sheets/detail/breast-cancer
https://progressreport.cancer.gov/treatment/breast_cancer
https://progressreport.cancer.gov/treatment/breast_cancer
https://doi.org/10.1016/S0140-6736(05)67887-7
https://doi.org/10.1016/S0140-6736(05)67887-7
https://doi.org/10.1016/S1470-2045(14)71207-0
https://doi.org/10.1016/S1470-2045(14)71207-0
https://doi.org/10.1056/NEJMoa1209825
https://doi.org/10.1056/NEJMoa1209825
https://doi.org/10.3389/fonc.2018.00087
https://doi.org/10.2147/BCTT.S282799
https://doi.org/10.2147/BCTT.S282799
https://doi.org/10.3109/0284186X.2010.512923
https://doi.org/10.3109/0284186X.2010.512923
https://doi.org/10.1016/j.radonc.2018.09.021
https://doi.org/10.1016/j.radonc.2018.09.021
https://doi.org/10.1016/j.radonc.2022.02.010
https://doi.org/10.1016/j.radonc.2022.02.010
https://doi.org/10.1016/j.radonc.2017.01.008
https://doi.org/10.1016/j.radonc.2017.01.008
https://doi.org/10.1093/jicru_ndq002
https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://doi.org/10.1016/j.ijrobp.2012.04.016
https://doi.org/10.21203/rs.3.rs-1767532/v1
https://doi.org/10.21203/rs.3.rs-1767532/v1
https://doi.org/10.52547/ijrr.20.2.17
https://doi.org/10.52547/ijrr.20.2.17
https://doi.org/10.1007/s00066-022-01998-z
https://doi.org/10.1007/s00066-022-01998-z
https://doi.org/10.7759/cureus.21108
https://doi.org/10.7759/cureus.21108
https://doi.org/10.1186/s13014-019-1242-z
https://doi.org/10.1186/s13014-019-1242-z
https://doi.org/10.1016/j.ijrobp.2021.03.004
https://www.imrpress.com

(21]

[22]

Arslan A, Aktas E, Sengul B, Tekin B. Dosimetric evaluation
of left ventricle and left anterior descending artery in left breast
radiotherapy. La Radiologia Medica. 2021; 126: 14-21. https:
//doi.org/10.1007/s11547-020-01201-2.

Wang SY, Lin KH, Wu YW, Yu CW, Yang SY, Shueng PW,
et al. Evaluation of the cardiac subvolume dose and myocar-
dial perfusion in left breast cancer patients with postoperative
radiotherapy: a prospective study. Scientific Reports. 2023; 13:
10578. https://doi.org/10.1038/s41598-023-37546-7.

&% IMR Press

[23] Diaz-Gavela AA, Figueiras-Graillet L, Luis AM, Salas Segura

J, Ciérvide R, Del Cerro Pefalver E, et al. Breast Radiotherapy-
Related Cardiotoxicity. When, How, Why. Risk Prevention and
Control Strategies. Cancers. 2021; 13: 1712. https://doi.org/10.
3390/cancers13071712.

[24] Yesildere I, Kuday S. Comparison of proton and photon ra-

diotheraphy for left-sided breast cancer via Dosimetric calcu-
lations. Cumbhuriyet Science Journal. 2023 ;44: 590-594. https:
//doi.org/10.17776/csj.1061321.


https://doi.org/10.1007/s11547-020-01201-2
https://doi.org/10.1007/s11547-020-01201-2
https://doi.org/10.1038/s41598-023-37546-7
https://doi.org/10.3390/cancers13071712
https://doi.org/10.3390/cancers13071712
https://doi.org/10.17776/csj.1061321
https://doi.org/10.17776/csj.1061321
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

