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SUMMARY

Introduction/Objective Left breast cancer patients undergoing radiotherapy are at higher risk of car-
diovascular diseases (CVD), as a partial volume of the heart is anatomically close to target volume. This
may cause CVD in the years following cancer treatment.

The aim of this work was to develop a scoring system which identifies patients with increased risk of
development of CVD, as a consequence of the left breast irradiation.

Methods The patients followed up in this study were treated during 2009. Eight years later, they were
invited to participate in a study where they underwent a cardiology evaluation. Their current condition
was statistically correlated to the doses received by their heart and left anterior descendant artery (LAD).
Results Out of 114 patients, 31 women were evaluable for cardiology assessment. Out of these 31 sub-
jects, six women were with a history of CVD before cancer treatment. Four women never developed any
kind of heart associated disease, while in the other 27, newly onset CVD were diagnosed ranging from
hypertension to myocardial infarction, strongly positively correlated to doses to heart and LAD (p = 0.003).
Severity of developed cardiovascular toxicity was formulated through the correlation of mean heart and
mean LAD doses with CVD developed in the form of a scoring system.

Conclusion The doses to critical organs depend on patient anatomy and technique of irradiation. The
cardiovascular complications are proven as consequence of radiotherapy. Scoring system based on doses
received by heart and LAD is a reliable tool in predicting CVD.
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INTRODUCTION

Breast cancer is a global health care problem
worldwide and in the Republic of Serbia: 26% of
all new cancer cases in Serbian female popula-
tion were breast cancer patients, where approxi-
mately half of them are left-breast patients [1, 2].

Cardiovascular diseases (CVD) are the first
cause of death worldwide according to the World
Health Organization. Together, malignant and
CVD are the cause of 3/4 of all deaths (both
sexes, all ages) in Serbia, where CVD are re-
sponsible for 52.1% and cancer for 22.8% of all
deaths [3]. Incidences of both diseases are rising.

Radiation therapy of the breast is known
to contribute to CVD, and has been reported
as a possible cause of cardiac mortality since
1950s [4].

Due to increased reporting on correla-
tion between cancer therapy and CVD,
the European Society of Cardiology and
International Atomic Energy Agency have pub-
lished documents on the cardiovascular toxic
effect of cancer therapy, including radiotherapy

and chemotherapy summarizing evidence [5,
6]. Increase in number of patients receiving
chemotherapy and radiotherapy, earlier detec-
tion of disease and longer survival, lead to an
increase in the number of new patients in car-
diology, and may pose a global future problem.

The implementation of modern radiation
therapy techniques has significantly lowered
the dose to the heart and to the left descending
coronary artery (LAD) both often very close
to target volume. The usual doses to these two
structures are far above 0.5 Gy, stated as limit
in International Commission on Radiological
Protection (ICRP 118).

The objective was to assess the toxic effect
to these structures in our patient set, from ra-
diotherapy aspect. The constraints given in the
literature were very limited, so we conducted
a retrospective analysis of treatment plans and
patient conditions, to determine scoring system
based on threshold values of mean heart dose
(MHD) and mean LAD (MLAD) dose that
would have clinical significance for develop-
ment of CVDs.



Left breast radiotherapy - the impact of heart and left anterior descending artery doses to cardiovascular diseases developed eight years after treatment

METHODS

The subjects were patients with left breast cancer treated
during 2009. The Radiotherapy department of our Institute
was equipped at that time with two linear accelerators,
by Varian Medical Systems, Clinac series (Palo Alto, CA,
USA). The computed tomography simulator was manufac-
tured by Siemens (Munich, Germany). The treatment plan-
ning system XIO used was manufactured by Computerized
Medical Systems (nowadays Elekta, Stockholm, Sweden),
and the dose was calculated by the convolution algorithm.
Treatment plans were generated using a 6 MV beam, which
was verified according to the International Atomic Energy
Agency recommendations [7, 8].

The treatment planning strategy at that time was two
opposed tangential fields with enhanced dynamic wedges,
and sub-fields [9].

Patients were immobilized on the Wing board® (Civco,
Coralville, IO, USA) or Thorawedge® (Civco). Radiation
oncologists delineated the target volume (breast), both
lungs, and the heart. The LAD was not delineated at the
time of treatment. Dose prescribed to the center of the
breast (The International Commission on Radiation Units
and Measurements reference point) was 50-60 Gy, with or
without boost and supraclavicular lymph nodes, depend-
ing on the type and stage of the disease. Treatment plans
were evaluated based on dose volume histograms. Patient
position was verified before the first fraction on a portal
imaging device and then checked weekly.

The patients in this study were invited eight years after
cancer treatment, to a clinical cardiological examination.
Out of the 114 patients invited, 31 attended examina-
tions, while others either did not answer, or members of
the family reported their death (three patients). Out of
the subset of 31 women who responded to the cardiology
examination and finally entered the study, 27 women were
confirmed with CVD and only four women had never had
any kind of CVD.

Patient’s cardiology assessment consisted of a physical
examination, an electrocardiogram, an echocardiography,
an exercise stress test and included further diagnostic
and therapeutic procedures. echocardiography evaluated
atherosclerotic changes of aortic walls, aortic valves, left
atrium dimension and volume; mitral valve; left ventricle
walls and dimension, systolic (ejection fraction) and dia-
stolic function; cavities of the right heart and systolic pres-
sure and systolic function of the right ventricle; pulmonary
artery and valve as well as pericardium. The stress tests
were conducted for patients with symptoms of coronary
artery disease or an irregular heart rhythm (arrhythmia).
The overall conclusion of cardiologist for each patient was
included in data analysis.

At the time of treatment planning in 2009, the LAD
artery was not contoured. Since LAD cannot be visualized
reliably on computed tomography images made for treat-
ment planning, radiation oncologists delineated the LAD
structure on the de-archived plans according to guidelines
and clinical atlases, and the heart [10, 11]. The physicists
re-calculated treatment plans by the clinical version of the
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treatment planning system XIO (Elekta) to obtain doses to
these two new structures (heart and LAD).

Figures were generated by the software Origin Pro 8.0
(Northampton, MA, USA).

The patients at the hospital are treated according to
the approved clinical radiation therapy protocols, by the
Ethical board. Every patient signed approval for their treat-
ment, and the cardiological study was purely volunteered.
Patients examined by cardiologists got their cardiologist
report, and also signed approval before any treatment was
initiated based on findings from this study.

RESULTS

The patients were identified from the hospital registry,
with their clinical data.

There was in total 114 left breast cancer patients irradi-
ated during 2009, of which 92 could be successfully de-
archived seven years after treatment, and returned to the
treatment planning system, without any errors during the
de-archiving procedure. Out of this number, 86 patients
could be recalculated without an error in the treatment
planning system. Six plans had unknown calculation error.
Finally, 31 patients responded to the appointment with
cardiologist at the time when study was conducted and
were included in dose/CVD evaluation.

At the time of the treatment, age distribution was as
follows: there were no patients younger than 30 and older
than 80. Four patients (3.5%) of 114 patients were in their
30s, 28% of patients in their 40s, 30.7% patients in their
50s, 34.3% patients in their 60s and 3.5% of patients in
their 70s.The mean age of female left breast patients during
the year 2009 was 60.9 years.

The distribution of diagnosis was as follows: most of
the 114 patients had ductal carcinoma (55.3%), medullar
carcinoma was present in 4.4% patients, lobular carcinoma
in 9.6%, mixed type in 3.5%, tubular, micropapillary and
mucinous in 0.9%. In 28 patients (24.6%) there were no
data on the type of carcinoma.

When the tumor grade was evaluated in the group, there
were 11% of patients with G1 grade, 28% of patients with
G2 grade, 13% of patients with G3 grade, while no data
was present for 52% of the patients.

There were no records in the hospital database about
CVD risk factors associated with heart diseases prior to
cancer treatment.

The chemotherapy drugs before, during and after radia-
tion therapy were: 32% patients received two drug com-
bination, mainly FAC and tamoxifen, 6% received three
drugs, 0.9% had four drugs, while one drug was received by
32% of patients, mainly tamoxifen; 3.5% did not have che-
motherapy at all, while there was no data for 24.5% of the
patients in the system (most likely received chemotherapy
in local hospitals). The chemotherapy agents used were
as follows: fluorouracil, doxorubicin, cyclophosphamide;
adriamycin and cyclophosphamide; cyclophosphamide,
methotrexate, fluorouracil, tamoxifen, docetaxel, paclitaxel,
bevacizumab, trastuzumab, goserelin. All medicines listed
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Table 1. Doses to heart, LAD, and left lungs (min., max., and mean dose per patient and per cardiologically assessed cohort)

Heart LAD Left lung

B w S . : S . : S 9 :
Mean dose 5 e = £ = s = g S = £ 5= E S = £ = E
range of 29 | EC | EQ | EQ | 3o | EQ | EC | EQ | 22 | EQ | EG | EQ 22

ER = S o S o 9= S 0 S o S o 9 E S 0 S o S v 9 E
heart(@y) | S& | €3 | 2 28| 28| 9% | G4 | 28 22 %3 | a3 | o8| &S

oy o o & o o o o o

0-2 Gy 7 158 | 018 | 4692 | 6542 | 892 | 072 | 3322 | 473 | 488 | 005 | 5946 | 132142
2-4 Gy 8 307 | 027 | 5594 | 7089 | 2156 | 095 | 5397 | 523 | 622 | 011 | 6046 | 1172.63
4-6 Gy 8 492 | 032 | 558 | 65213 | 2539 | 118 | 5511 | 442 | 803 | 0418 | 6071 | 12086
6-14 Gy 8 8.82 07 566 | 8974 | 3057 | 277 | 5565 | 634 | 802 03 579 | 11768
E:ttiae:]‘:ga" 31 46 037 | 5381 | 72717 | 2163 | 14 | 4949 | 518 | 678 | 016 | 5963 | 1219.8

Avg. - average; LAD - left anterior descending artery

ﬂ;? o,

max héart dista n%

beam edge

max lung distance

Figure 1. Beam'’s eye view of the heart (A) and measurements of maxi-
mum heart and lung distance (B)

(fluorouracil, doxorubicin, cyclophosphamide; adriamycin
and cyclophosphamide; cyclophosphamide, methotrexate,
fluorouracil, tamoxifen, docetaxel, paclitaxel, bevacizumab,
trastuzumab, goserelin) have some degree of proven car-
diotoxic effect [4, 12]. It has been confirmed in literature
that tamoxifen cannot be associated with an increased
incidence of heart diseases [13] but is correlated to an in-
creased incidence of venous thrombosis and stroke [14].

‘ DOI: https://doi.org/10.2298/SARH21032803 1P

Radiotherapy treatment

Prescribed doses to the breast were 60 Gy (66.6%) and 50
Gy (33.4%). The prescription to the supraclavicular region
was 50 Gy (36%), while 20.2% of patients received an ad-
ditional boost to the breast (10-12 Gy).

There were 58% patients who were treated to the breast
only, 15% breast with boost, 25% breast with supraclavicu-
lar field and 2% breast, boost and supraclavicular field.

Calculated doses to heart and LAD and volumes are
given in Table 1. The mean doses to the heart volume
ranged among patients between 0.3 Gy and 62.4 Gy, with
average of MHD of 4.6 Gy. The mean volume of the heart
was 727 cm®. As for the left lung, the maximum dose was
65.5 Gy (mean maximum 59.6 Gy), and average mean dose
in the group 6.8 Gy. LAD, which was newly delineated,
after the de-archiving of the treatment plans, received
maximum of 62.1 Gy while the mean dose was 21.6 Gy.
The mean volume of delineated LAD was 5.2 cm®. The
trend of maximum doses to LAD and heart, as well as
lungs follow the increase of mean doses: higher the mean
dose - higher the maximum dose.

Maximum heart distance (distance from radiation field
edge to heart edge) and maximum lung distance (distance
from radiation field edge to chest wall) were measured. The
heart entered the irradiated volume by a mean length of 3.5
cm (but was shielded by multileaf collimator), while the left
lung was included with a mean of 3.7 cm (also shielded by
multileaf collimator). The heart was exposed to open beam
by a mean value 1.4 cm. Measurements were done from
the beam edge and presented in the Figure 1.

Cardiovascular evaluation

In total, 31 patients responded to the appointment with
cardiologist. Out of this number, only four women never
had any kind of heart associated diseases, while in other
27 women CVDs found were ranging from simpler hy-
pertension to very complicated myocardial infarction (in
total three patients). Out of the 31 evaluable patients, six
patients had had a history of CVD before the treatment of
breast cancer. Additionally, eight patients (26%) developed
some form of cardiovascular disease during the first five
years after treatment (phlebothrombosis, cardiomyopathy
and myocardial infarction).
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The data of all examined patients after cancer treatment
are presented in Table 2.

Table 2. Cardiovascular diseases (CVD) in examined patients and com-
plications developed eight years after treatment

given data, we concluded that the results show a scoring
system. Finally, after correlation od CVD group and mean
doses values, our results have showed that patients can be
divided in four scores (1-4) which is presented in Table 3.

Cardiovascular diseases (31 patients) No. 9f patients Table 3. Scoring system developed based on complications and dose
with CVD* received by critical organs
Fypertension 2 Score | CVD complication groups Wizl | LAD ey
Angina pectoris 3 P group dose (Gy) dose (Gy)
Mitral valve insufficiency 2 1 Group 1:ven9us disease and/ x<?2 y<10
Aortic valve stenosis 1 or hypertension
Tricuspid valve insufficiency 2 Group 2: Group 1 plus
- 2 | arrythmia or coronary disease 2<x<3 10<y <20
Venous disease 2 . .
- - (angina pectoris)
Hypertro‘ph|c cardlom}/opathy 6 Group 3: Group 2 plus
Chest pain (Stenocardia) 3 3 | hypertrophy and/or 3<x<5 | 20<y<25
Phlebothrombosis 3 cardiomyopathy
Myocardial infarction 3 Group 4: Group 3 plus
) . 4 | stenocardia/myocardial x>5 y>25
*Some patients had more than one complication X .
infarction

The MHD of examined patients and their MLAD dose
were correlated on Figure 2. The positive strong correla-
tion (r = 0.7772, p < 0.00001) between MHD and MLAD
dose was found.

35

25 - omy

20 all®

Mean LAD (Gy)
o
1
-

Mean heart (Gy)

Figure 2. Correlation of mean heart dose to mean left anterior de-
scending artery (LAD) dose for examined patients

Cardiovascular complications found in analyzed group
were as follows: myocardial dysfunction and heart failure,
coronary artery disease, valvular disease, arrhythmias, ar-
terial hypertension, thromboembolic disease, peripheral
vascular disease and stroke, pulmonary hypertension and
pericardial complications.

Patients were graded according to the cardiotoxicity
grading system given in literature-measured ejection frac-
tion and other findings [14].

According to severity of CVD we divided all patients in
four groups: Group 1 - venous disease and/or hyperten-
sion, group 2 — group 1 + arrythmia or coronary disease
(angina pectoris), group 3 - group 2 + hypertrophy and/
or cardiomyopathy, group 4 - group 3 + stenocardia/myo-
cardial infarction. In the next step, we defined threshold
values for MHD and MLAD for each group. Analyzing
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MLAD - mean LAD; LAD - left anterior descending artery; x - mean heart
dose (Gy); y - MLAD artery dose (Gy); CVD - cardiovascular diseases
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Figure 3. Cardiology complications developed in the examined group
of 31 patient

Score 1 were patients with MHD < 2 Gy and
MLAD < 10 Gy; score 2 — patients with MHD < 3 Gy and
MLAD < 20 Gy; score 3 — patients with MHD < 5 Gy and
MLAD < 25 Gy; score 4 - patients with MHD > 5 Gy and
MLAD > 25 Gy. Our results showed that patients with
MHD < 2 Gy and MLAD < 10 Gy had venous disease
and/or hypertension; patients with MHD < 3 Gy and
MLAD < 20 Gy developed venous disease and/or hy-
pertension plus arrhythmia or coronary disease (angina
pectoris); patients with MHD < 5 Gy and MLAD < 25 Gy
developed venous disease, hypertension, arrhythmia, coro-
nary disease (angina pectoris) and hypertrophy and/or car-
diomyopathy; and patients with MHD > 5 Gy and MLAD
> 25 Gy developed all previous diseases plus stenocardia
and/or myocardial infarction, as shown in Table 3. The
scoring system developed in this work is based on pos-
sible complication severity correlated to doses received
by critical organs in our data, ranging from 1 to 4, and
correlates with the values of doses to heart and LAD found
in literature [11].

The positive correlations between mean doses to heart
and CVD developed (r = 0.9803, p < 0.003), as well as
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Figure 4. Correlation of the mean heart dose, mean left anterior de-
scending artery (LAD) dose in the group and cardiovascular (CVD)
complication scoring system

MLAD and clinical CVD developed (r = 0.9803, p < 0.003),
significant at p < 0.05, was found on Figure 4.

At the time of treatment planning of these patients, only
QUANTEC (Seoul, South Korea) parameters were available
for treatment plan evaluation. According to QUANTEC,
heart and its pericardium should be irradiated within fol-
lowing limits: mean dose < 26 Gy (our results in cardio-
logically examined group was 4.6 Gy), V30 Gy < 46% (our
result 3.4%), and V25 Gy < 10% (our result 4%). LAD dose
is not mentioned in QUANTEC. Lung V20 Gy according
to QUANTEC should be < 30% (our result 10.4%) and
mean dose with least complication probability 7 Gy (our
result 6.8 Gy). Generally speaking, the average treatment
planning dosimetry results in treatment plans were far
below the indicated upper limits for long term cardiac or
pulmonary complication probability, but contrary to the
stated QUANTEC parameters, some form of CVD com-
plications developed in majority of patients.

DISCUSSION

Breast cancer as the most common cancer in women
worldwide, is curable in early stages thus survival can be
long term. Since radiation therapy is an effective tool in the
treatment of breast cancer, where structures in the heart,
such as the LAD, are exposed to radiation, sparing the
heart and its structures becomes significant issue in breast
treatment planning.

It is evident from literature that the risk of major car-
diovascular events becomes more pronounced five years
after radiation therapy and continues to increase even for
three more decades [15, 16]. Other studies reported cardiac
events 10 years after initial radiotherapy treatment. The
worst-case scenario is when irradiation worsens an already
present CVD, or accelerates its appearance in cases where
risk factors are present. Our results are in line with these
findings: out of 31 examined patients, three had myocar-
dial infarction and all of them had previous CVD before
radiotherapy.

‘ DOI: https://doi.org/10.2298/SARH210328031P
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Between treatment and cardiology assessment, three
patients had died, others could not be reached or could not
show up for the appointment, while only 1/3 of recalculat-
ed and 1/4 of the total number of left breast patients treated
in 2009, actually responded to cardiology evaluation.

There is evidence of strong correlation of dose distribu-
tion to the heart with the later developing cardiac effects
which defines the increasing risk of major cardiac effect
by MHD increase by 7.4% per 1 Gy of MHD [16]. The
main strength of this paper is that it clearly correlates the
doses received by the heart and LAD, to the cardiovascular
complications developed after treatment. The cardiological
assessment data of cancer survivors are now used as refer-
ence, for treatment plan strategy and evaluation. The results
presented in our study correlate with published data [11, 17].

The most frequent cardiac problem reported during ra-
diotherapy in the literature is acute pericarditis, pericardial
effusion and arrhythmia [14]. In our investigation, none
of our patients have reported cardiac problems during
their treatment (according to hospital database reports).
However, from the database of our cardiovascular clinic,
there were two patients who requested clinical appoint-
ment immediately after radiation therapy and eight pa-
tients in the following five years.

During radiotherapy treatment planning and deliv-
ery, special attention should be paid to the use of cardiac
shielding opportunities and modern techniques, such that
the dose volume histogram reflects the need for sparing
the heart and heart structures [18]. The implementation of
deep inspiration breath hold (free or assisted) is the easiest
way to naturally shield the heart by increasing the volume
of air between the heart and chest wall where the tangential
tield edge is positioned [19, 20, 21], by the use of arc tech-
niques — volumetric modulated arc therapy (VMAT) or
advanced robotic accelerators [22, 23]. The optimal option
for a significant decrease of dose to both lungs and heart
is prone positioning but also use of immobilizing devices
dedicated for both prone and supine breast radiotherapy
[23, 24]. Assisted voluntary breath hold (ABC, Elekta),
VMAT and both prone and supine breast irradiation are
now available forms of treatment at our clinic.

Although all dosimetry parameters from the dose-vol-
ume histogram of treatment plans of examined patients
were far below any clinically known limitation, it is clear
that patient’s heart and LAD may be severely damaged by
radiation, especially if previous cardiovascular disease was
registered [24]. Our results also confirm these findings.
Severity degree of cardiovascular disease can be predicted
according to the MHD and MLAD artery dose together,
as we did in this work through the scoring system gener-
ated, but more detailed constraints are needed [25, 26].
Patients treated with radiotherapy for left-sided breast can-
cer, should remain in cardiology follow-up to diagnose
possible cardiotoxicity [27].

The limitation of the current study is limited number
of patients. Out of 114 initially selected patients, only 31
entered the final analysis. Definitive conclusions should
be made after conducting prospective well-designed trial
with more patients included.
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The management of cardio-oncological patients re-
quires a multidisciplinary approach to provide optimal
care for patients. In that respect, these specialties will soon
have to bring about new joint protocols, on management
of cardio-oncological patients [28]. Propositions on man-
agement of cardiac toxicity are still under development
and additional studies and research are needed, but it is
recognized that a model predicting cardiology complica-
tion due to therapy is needed [29, 30]. The scoring system
we proposed here serves in our institution as a predictor
of CVD complications.

REFERENCES

1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh
J, Comberet H, et al. Cancer incidence and mortality patterns
in Europe: Estimates for 40 countries in 2012. Eur J Cancer.
2013;49(6):1374-403.

2. Registar za rak (Cancer registry Vojvodina). Available from: http://
www.onk.ns.ac.rs/

3. Incidence and mortality of acute coronary syndrome in Serbia
2015 (in Serbian). Institut za zastitu zdravlja Srbije, Beograd,
Report No 9, 2014. Available from: http://www.batut.org.rs

4,  Duma MN, Herr AC, Borm KJ, Trott KR, Molls KR, Oechsner M, et al.
Tangential Field Radiotherapy for Breast Cancer—The Dose to the
heart and Heart Subvolumes: What Structures Must Be Contoured
in Future Clinical Trials? Front Oncol. 2017;7:130.

5. Zamorano JL, Lancellotti P, Rodriguez Munoz D, Aboyans V,
Asteggiano R, Galderici M, et al. 2016 ESC Position Paper on
cancer treatments and cardiovascular toxicity developed under
the auspices of the ESC Committee for Practice Guidelines. Eur J
Heart Fail. 2016;37(36):2768-801.

6.  Wondergem J, Boerma M, Kodama K, Stewart FA, Trott KR.
Cardiovascular effects after low dose exposure and radiotherapy:
what research is needed? Radiat Environ Biophys. 2013;52(4):425-
34.

7. Rutonjski L, Petrovic B, Baucal M, Teodorovic M, Cudic O,
Gershkevitsh E, et al. Dosimetric verification of radiotherapy
treatment planning systems in Serbia: national audit. Radiat
Oncol. 2012;7:155.

8.  Gershkevitsh E, Pesznyak C, Petrovic B, Grezdo J, Chelminski K, Do
Carmo Lopes M, et al. Dosimetric inter-institutional comparison
in European radiotherapy centres: Results of IAEA supported
treatment planning system audit. Acta Oncol. 2014;53(5):628-36.

9.  Petrovic B, Grzadziel A, Rutonjski L, Slosarek K. Linear array
measurements of enhanced dynamic wedge and treatment
planning system (TPS) calculation for 15 MV photon beam
and comparison with electronic portal imaging device (EPID)
measurements. Radiol Oncol. 2010;44(3):199-206.

10.  Wennstig AK, Garmo H, Hallstrom P, Nystrom PW, Edlund
P, Blomqvist C, et al. Inter-observer variation in delineating
the coronary arteries as organs at risk. Radiother Oncol.
2017;122(1):72-8.

11.  LeeJ, Hua KL, Hsu SM, Lin JB, Lee CH, Lu KW, et al. Development of
delineation for the left anterior descending coronary artery region
in left breast cancer radiotherapy: An optimized organ at risk.
Radiother Oncol. 2017;122(3):423-30.

12.  Harrison JM, Pressler SJ, Friese CR. Cardiotoxic heart failure
in breast cancer survivors: a concept analysis. J Adv Nurs.
2016;72(7):1518-28.

13.  Reis SE, Costatino JP, Wickerham DL, Tan-Chiu E, Wang J, Kavanah
M. Cardiovascular effects of tamoxifen in women with and
without heart disease: breast cancer prevention trial. National
Surgical Adjuvant Breast and Bowel Project Breast Cancer
Prevention Trial Investigators. J Natl Cancer Inst. 2001;93(1):16-21.

14.  Bird BRJH, Swain SM. Cardiac toxicity in breast cancer survivors:
review of potential cardiac problems. Clin Cancer Res.
2008;14(1):14-24.

15. Zhu Q, Kirova YM, Cao L, Arsene-Henry A, Chen J. Cardiotoxicity
associated with radiotherapy in breast cancer: A question-based
review with current literatures. Cancer Treat Rev. 2018;68:9-15.

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):288-294

293

ACKNOWLEDGEMENT

This work was funded and supported by two scien-
tific grants of the Provincial Secretariat for Science and
Technological Development of the Autonomous Province
of Vojvodina, Serbia, (No. 114-451-2634/2015 and 114-
451-2076/2016).

Conflict of interest: None declared.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

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. N Engl J Med. 2013;368(11):987-
98.

Poitevin-Chacon A, Chavez-Nogueda J, Prudencio RR, Fernandez
AC, Laguna AP, Linares J, et al. Dosimetry of the left anterior
descending coronary artery in left breast cancer patients treated
with postoperative external radiotherapy. Rep Pract Oncol
Radiother. 2018;23(2):91-6.

Bartlett FR, Yarnold JR, Donovan E, Evans PM, Locke |, Kirby AM, et
al. Multileaf collimation cardiac shielding in breast radiotherapy:
Cardiac doses are reduced, but at what cost? Clin Oncol (R Coll
Radiol). 2013;25(12):690-6.

Tanna N, McLauchlan R, Karis S, Welgemoed C, Gujral DM, Cleator
SJ, et al. Assessment of Upfront Selection Criteria to Prioritise
Patients for Breath-hold Left-sided Breast Radiotherapy. Clin Oncol
(R Coll Radiol). 2017;29(6):356-61.

Czeremszynska B, Drozda S, Gorzynski M, Kepka L. Selection of
patients with left breast cancer for deep-inspiration breath-hold
radiotherapy technique: Results of a prospective study. Rep Pract
Oncol Radiother. 2017;22(5):341-8

Bartlett FR, Donovan EM, McNair HA, Corsini LA, Colgan RM,
Evans PM, et al. The UK HeartSpare Study (Stage Il): Multicentre
Evaluation of a Voluntary Breath-hold Technique in Patients
Receiving Breast Radiotherapy. Clin Oncol. 2017;29(3):e51-e56.
Drost L, Yee C, Lam H, Zhang L, Wronski M, McCann M, et al. A
Systematic Review of Heart Dose in Breast Radiotherapy. Clin
Breast Cancer. 2018;18(5):e819-24.

Tanaka O, Ono K, Taniguchi T, Makita C, Matsuo M. Dosimetric
evaluation of the heart and left anterior descending artery dose
in radiotherapy for Japanese patients with breast cancer. J Radiat
Res. 2020;61(1):134-9.

Kahan Z, Rarosi F, Gaal S, Csehati A, Boda K, Darazs B, et al. A
simple clinical method for predicting the benefit of prone vs.
supine positioning in reducing heart exposure during left breast
radiotherapy. Radiother Oncol. 2018;126(3):487-92.

Gaasch A, Schonecker S, Simonetto C, Eidemiller M, Pazos M,
Reitz D, et al. Heart sparing radiotherapy in breast cancer: the
importance of baseline cardiac risks. Radiat Oncol. 2020;15(1):117.
Beaton L, Bergman B, Nichol A, Aparicio M, Wong G, Gondara L,
et al. Cardiac death after breast radiotherapy and the QUANTEC
cardiac guidelines. Clin Transl Radiat Oncol. 2019;19:39-45.
Altinok P, Korkmaz L, Altinok A, Bese N. Were We Able to Reduce
Cardiac Doses in Breast Cancer Radiotherapy Over Time? Eur J
Breast Health. 2021;17(2):145-9.

Bergom C, Bradley JA, Ng AK, Samson P, Robinson C, Lopez-
Mattei J, et al. Past, Present, and Future of Radiation-Induced
Cardiotoxicity: Refinements in Targeting, Surveillance, and Risk
Stratification. JACC CardioOncol. 2021;3(3):343-59.

Banfill K, Giuliani M, Aznar M, Franks K, McWilliam A, Schmitt M.
Cardiac Toxicity of Thoracic Radiotherapy: Existing Evidence and
Future Directions. J Thorac Oncol. 2021;16(2):216-27.

Gard A, Kumar P. Dosimetric Comparison of the Heart and Left
Anterior Descending Artery in Patients With Left Breast Cancer
Treated With Three-Dimensional Conformal and Intensity-
Modulated Radiotherapy. Cureus. 2022;14(1):e21108.

www.srpskiarhiv.rs



294

Petrovi¢ B. et al.

Paguotepanuja ese AojKe — yTULaj A03a Ha CpLE U NIeBY NpeAkY AecLeAeHTHY
apTepujy 1 pa3soj KapauosackynapHe 601eCTi ocam roguHa nocae TpeTMaHa

bopucnasa lNetposuh'? MunosaH Metposuh®, bpaHucnas hypar®3, Urop Han>, TatjaHa Murbkosuh*4, Munerko YaHkosuh3,

Yuna Mewrvak®, Jlasa Pytorbckn'?, Onvisepa VigaHos??

'YHusep3utet y HoBom Capy, MpupogHo-matematnykiy dakynteT, lenaptmaH 3a dusunky, Hosu Cag, Cpbuja;

2MHcTuTyT 33 oHKonorwjy BojsoguHe, KnuHnka 3a paguotepanujy, Cpemcka KameHnua, Cpbuja;

*Ynusep3utet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja;

*UHCcTUTYT 33 KapanoBacKynapHe 6onectn BojsoguHe, KnuHuka 3a kapauonorujy, Cpemcka Kamenuua, Cpbuja;
SYHMBEP3UTET 33 TEXHONOMjy 1 EKOHOMCKe HayKe y ByaumneLwutn, UHCTUTYT 3a HyKneapHe TexHuke, Byaumnetwura, Mahapcka

CAMETAK

YBop/LUum bonecHuue obonene of KapLrHoma fieBe JojKe,
NleyeHe PaavosIOLKOM Tepanujom, y Behem cy pusnKy of Ha-
CTaHKa KapzmoBackynapHux 6onectu (KBB), c 0631pom Ha To
[a je aHaTOMCKVM MOonoXajem Jeo cpLia YeCTo y HemocpesHoj
GNM3VHY TPETVpPaHe peruje, WTo Y roArHama nocsie TpeTMaHa
MOXe [ia 113a30Be M0jaBy KapAMoBacKynapHux 6onectu.

Linsb oBor paga 610 je pa3Boj c1cTem CKOpoBatkba KOju MAEHTU-
¢buKyje bonecHuLe ca noBehaHUM pU3VKOM of pa3Boja Kapau-
oBacKynapHux 6onecTu, Kao NocieauLy 3payetba ese JojKe.
Metope bonecHuLe Koje cy npaheHe TOKoM OBe cTyauje 3pa-
yeHe cy Tokom 2009. roguHe. Ocam rogrHa KacHuje no3BaHe cy
[a yyecTByjy y CTyAMju TOKOM Koje Cy npernefaHe of cTpaHe
Kapguonora. bbrxoB Hanas Kopenupat je ca jo3ama Koje cy
TOKOM PaAMosOoLLKe Tepanuje NpuMmuiv cpLe 1 ieBa Npeama
fecueneHTHa KopoHapHa aptepuja (TAL).

Pesyntatu Og 114 no3BaHux 6onecHuLa Kojma je Tokom 2009.
rofyiHe 3payeHa neBa Aojka, 31 6onecHnLa ce oaasBarna nosvey

DOI: https://doi.org/10.2298/SARH210328031P

Ha Kapavonowku nperned. Og osor 6poja, Wwect 6onecHuua je
1Maso KaparnoBacKynapHy 6onecT npe neyera manurHe 6o-
nectu. YeTnpm >xeHe HUCY HUKaZ pa3Buiie HUjeaHy KapauoBa-
CKynapHy 601ecT 10 KapAMnOonOLLKOT Nperneaa, oK Cy OCTanmnx
27 6onecHuua pa3sune 6ap jeaHy og KBB, op xunepTeHsuje go
nHdapKTa M1MoKapga. TexnHa KapanoBacKynapHe 6onectu je y
CHaXHOj MO3UTVBHOj KOpenaumju ca cpefHhom JO30M Ha cpLe
1 cpeprbom fo3om Ha JTAL (p = 0,003).

3aksbyyak [l03a Ha KpUTYHE OpraHe 3aBUCK Of aHaTOMMje 60-
NeCHWKa, anv 1 of pagmnoTepanmnjcke TEXHNKE Koja je cnposepe-
Ha. KapanoBacKynapHe Komnankauuje cy fokasaHa nocneguua
3payerba neBse fojke. TexkmHa KoMnmKaLuuja 3aBrncy of OfHOCa
n3mehy no3a Ha cpue v JIAZl n3paxeHa Kpo3 C1CTeM CKOpOBa-
tba. CMCTeM CKOpOBatba 3aCHOBaH Ha jo3ama Koje npumMajy cpue
n JIA[l noy3aaH je y npeankumju passoja KBb.

KrbyuHe peum: KapAyOTOKCUYHOCT; KOMM]YTEPCKO MaHnparbe
paguoTepanuje; KapLMHOM JIeBe [ojKe; pagroTepanyja
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