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Background. There are certain risks of radiotherapy (RT), especially patients with left-sided breast cancer have a
higher tendency to develop cardiac complications than the right-sided cancers. This study aims to perform a dosi-
meftric analysis the effect of RT on coronary arteries and heart in breast-conserving surgery.

Patients and methods. A total of 40 patients with early stage right and left-sided breast carcinomas (T1/72 + NO)
were randomly selected. RT was delivered to the entire breast, and tumor beds were boosted in these patients using
tangential fields with computed tomography based planning. The doses for Left anterior descending coronary artery
(LAD), left circumflex coronary artery (LCx), right ventricle (RV), left ventricle (LV), and heart were recorded and me-
dian values compared between groups.

Results. The highest mean of radiation dose in patients with left-sided breast cancer was to LAD 2402.48 + 838.39
cGy, while the highest mean dose in right-sided breast cancer patients was fo RV 130.18 £ 24.92. The highest maximum
dose of radiotherapy was applied to heart af left-sided breast cancer patients as well as at right-sides prients. The
mean V5 of the LV was 18.68% (6.89-31.69), mean V25 of the LV was 5.22% (0.45-16.54), mean V5 in bilateral ventricles
was 23.73% (2.56-26.89), and mean V25 in bilateral ventricles 6.78% (0.63-13.63).

Conclusions. Especially in left-sided breast cancer, the most direct and best strategy to reduce and protect radia-
fion-induced cardiac injury is fo balance dose constraints between several high-dose regions of cardiac substructures
and the mean heart dose.
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Introduction therapy are the other risk factors for the occurrence
of breast cancer.

Breast cancer is the most common cancer in wom- Surgery is the main treatment modality. While

en (excluding skin cancers) and is the second most
common cause of death due to cancer.! The average
risk of developing breast cancer in women is 12%.
Age is the most important risk factor for breast can-
cer development. In addition, gender, a previous
history of breast cancer or benign breast diseases,
family history, race, menstrual history (early me-
narche and late menopause), first gestational age,
no history of breastfeeding, alcohol consumption,
diet rich in fat and calories, use of oral contracep-
tives, and postmenopausal hormone replacement
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surgery is performed in the early stage, locally ad-
vanced cases are operated after neoadjuvant chem-
otherapy. Surgery is performed as mastectomy
(radical mastectomy, modified radical mastecto-
my, or total mastectomy) or breast-sparing surgery
(wide excision, quadrantectomy, or lumpectomy).
Adjuvant radiotherapy (RT) is administered to all
the patients who underwent breast-sparing surgi-
cal therapy for breast cancer and those with 4 or
more positive lymph nodes who underwent mas-
tectomy.?

doi: 10.2478/raon-2020-0013



Soydemir Gocer GP et al. / Effect of radiotherapy on coronary arteries and heart

Long-term survival-related toxicities have be-
come important to be studied, as longer-term sur-
vival rates have been achieved by the improve-
ments in diagnosis and treatment of breast cancers.
RT reduces the local recurrence rate of breast can-
cer’, however, it is not clear that the survival advan-
tage offered in addition to surgical treatment is not
related to systemic therapy. Studies have shown
the survival benefit in high-risk patients with RT.*
However, there are certain risks of RT, such as skin
reactions, cosmetic problems, edema in the upper
extremity, pneumonia, and the cardiac toxicity, es-
pecially important in left-sided breast RT. In par-
ticular, the left anterior descending coronary artery
(LAD) receives significant radiation, being in or
near the target volume.>® Moreover, patients with
left-sided breast cancer have a higher tendency to
develop cardiac complications than the right-sided
ones.” In this study, we aimed to determine the RT
doses to the LAD, left circumflex coronary artery
(LCx), right ventricle (RV), left ventricle (LV), and
heart in patients who underwent right and left-
sided breast conservative surgery and determine
whether these doses constituted a risk for ischemic
heart disease.

Patients and methods

This study was conducted with an approval
from the Ethics Committee at the Health Sciences
University, Dr. Sadi Konuk Education and Research
Hospital (2018-254), ethically in accordance with
the World Medical Association Declaration of
Helsinki.

A total of 40 patients with early stage right and
left-sided breast carcinomas (T1/T2 + NO, accord-
ing to 8th edition of American Joint Committee
on Cancer staging, 2017) were randomly select-
ed, from January 2017 to December 2018. Patient
contouring was performed by two independent
radiation specialists. RT was delivered to the en-
tire breast and tumor beds were boosted in these
patients using tangential fields with computed
tomography (CT) based planning. Patients’ age,
tumor localization, stage, chemotherapy protocol
and number, RT dose, and the doses for LAD, LCx,
RV, LV, and heart were recorded.

We based on the handbook and quantec to dose
limits for critical organs in our clinic. Handbook
recommendation for breast RT is as follows: LV
and combined bilateral ventricle limits: V5 <10 %
and V25 < 5 %. Contralateral breast Dmax < 3%,
ipsilateral lung V30 < 15%, contralateral lung V5 <

15%, heart V5 < 5% for R-sided tumors, and < 40%
for L-sided tumors.

Treatment

Forty patients who underwent RT for right and
left-sided breast cancers at the Radiation Oncology
Department were included in the study. All pa-
tients underwent breast-conserving surgery.
Patients were usually treated in supine positions
with customized immobilization device. As a part
of radiation planning, contrast-enhanced CT scans
were obtained in 3-mm slices. During simulation,
each patient was immobilized, with the ipsilateral
arm above her head. Radiopaque catheters were
placed to delineate the breast areas and incision
scar on the CT scan. Each patient’s CT data was
transferred to an in-house 3-dimensional treat-
ment planning system. The clinical target volumes
(CTVs) were contoured and reviewed by two ra-
diation oncologists.

The whole breast was considered as the CTV.
The opposite breast, heart, LAD, LCx, RV, and LV
were contoured. For RT planning, two tangential
beams were used with matched posterior border to
avoid divergence. Physical wedges of 15°-30° were
used. Only whole breast irradiation plans were
included for plan comparison in this study. The
total dose prescribed was 60 Gy, with 2.0 Gy per
fraction per day (50 Gy in 2 Gy/fraction to whole
breast, 10 Gy in 2 Gy/5 fractions to tumor bed). The
aim of the treatment plan was to achieve at least
95% of the planning target volume receiving 47.5
Gy (95% of 50.0 Gy), and the ipsilateral lung vol-
ume receiving 20 Gy or more (V20) o 10%, while
keeping the contralateral lung below a mean dose
of 5 Gy. In all the patients, the breast was treated
with 6-MV photon beam. Boost was applied with
electron energy. Electron energy was selected to
allow the 85-90% isodose line to encompass the
target. Dose volume histograms (DVH) were re-
viewed for all the patients. Maximum, minimum,
and mean doses (Dmax, Dmin, and Dmean) to
heart, LAD, LCx, RV, and LV were calculated from
the cumulative DVH.

Statistical analysis

The analyses were performed with the NCSS
11 (Number Cruncher Statistical System, 2017,
Statistical ~Software) Program and MedCalc
Statistical Software version 18 (MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org;
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TABLE 1. Patients’ characteristics

Right-sided Left-sided
breast cancer breast cancer
n (%) n (%)
Breast conservation surgery 20 (100%) 20 (100%)
57.33+10.21 61.35+9.91
PR (40-80) (42-76)
T 15 (75%) 12 (60%)
T stage
T2 5 (25%) 8 (40%)
N stage NO 20 (100%) 20 (100%)
M stage MO 20 (100%) 20 (100%)
inner quadrant 6 (30%) 10 (50%)
Tumor location
outer quadrant 14 (70%) 10 (50%)
<2cm 15 (75%) 12 (60%)
Tumor size
2-5cm 5 (25%) 8 (40%)
Yes 7 (35%) 11 (55%)
Chemotherapy
No 13 (65%) 9 (45%)
Number of 4 4 (20%) 6 (30%)
chemotherapy
cycles 6 3 (15%) 5 (25%)

TABLE 2. The dosimefric parameters of left anterior descending coronary artery
(LAD), left circumflex coronary artery (LCx), right ventricle (RV), left ventricle (LV) and
heart depending on the side of the fumor

Dosimetric Right-sided breast Left-sided breast P el
parameters cancer cancer
T T T
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RV Do 4((33271(%;—256]1793?5 4(5476%?15—%5]&797-‘3?6 < 0:0001
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W EREP SRS <o
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o RREE MW com
o URLES  SHAEE <oom

All values are given as mean + standard deviation (range).

LAD = Left anterior descending coronary artery; LCx = left circumflex coronary artery; RV = right

ventricle; LV = leff ventricle
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2018). Frequency and percentage values were giv-
en for categorical variables. Mean, standard de-
viation, median, minimum, and maximum values
were given for continuous variables. Distribution
analysis of the continuous variables was per-
formed with the Kolmogorov—-Smirnov test. The
Mann-Whitney U-test was used for the independ-
ent two groups in the variables that did not realize
the normal distribution assumption. A P value <
0.05 was considered statistically significant.

Results

A total of 40 patients undergoing breast-conserv-
ing surgery for early stage breast cancer were
included in the study. Twenty patients had right-
sided breast cancer and 20 had a left-sided one.

In patients with right-sided breast cancer, the
median age was 57 years (40-80 years). In 15 of
the patients (75%), the tumor size was < 2 cm
(T1), and in 5 of them (25%), it was 2-5 cm (T2).
In 6 of the patients (30%), the tumor was in the
inner quadrant, and in 14 of them (70%), in the
external quadrant (Table 1). None of the patients
had lymph node involvement or distant metas-
tasis. Moreover, 7 of the patients (35%) received
chemotherapy (4 cycles in 4 patients, 6 cycles in
3 patients).

In the patients with left-sided breast cancer, the
median age was 61 years (42-76 years). In 12 of
the patients (60%), the tumor size was <2 cm (T1),
and in 8 of them (40%), it was 2-5 cm (T2). In 10
of the patients (50%), the tumor was located in the
inner quadrant, and in other 10 of them (50%), in
the external quadrant. None of the patients had
lymph node involvement or distant metastasis.
Moreover, 11 patients (55%) were treated with
chemotherapy (4 cycles in 6 patients and 6 cycles
in 5 patients) (Table 1).

The doses calculated after RT planning in pa-
tients with right- and left sided breast cancer are
presented in Table 2. All Dmean, Dmax and Dmin
values on LAD, LCx, RV, LV and heart of the pa-
tients with left-sided breast cancer were signifi-
cantly higher than the values of the patients with
right-sided cancer (P < 0.0001).

The mean V5 of the LV was 18.68% (6.89-31.69).
It was 10% or less in 3 patients and high in 17 pa-
tients. The mean V25 of the LV was 5.22% (0.45-
16.54). The mean V5 in the bilateral ventricles was
23.73% (2.56-26.89). The mean V25 in the bilateral
ventricles was 6.78% (0.63-13.63). It was < 5% in 7
patients and > 5% in 13 patients.
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Discussion

The most important risk factor for breast cancer
development is age. General treatment modalities
are surgery (radical mastectomy or breast-sparing
surgery or lumpectomy), KT (neoadjuvant or adju-
vant) and RT (neoadjuvant or adjuvant). Adjuvant
radiotherapy for breast cancer can cause late car-
diac complications. Latest update for Early Breast
Cancer Trial Writers Cooperation Group demon-
strates radiation therapy was associated with ex-
cessive cardiac mortality disease. However, many
of the studies included in a review involved older
treatment techniques, which probably delivered a
higher dose to the heart than seen in modern ra-
diotherapy clinics. The issue of cardiac morbidity
and mortality after breast cancer treatment is still
relevant, as demonstrated by recent publications
on the topic. The heart’s dose distribution is not
homogeneous, and the highest doses are probably
to be delivered to the anterior heart which include
the LAD. This is a concern since new research sug-
gests that arteries are particularly susceptible to
radiation, and LAD is a typical site of origin for
ischemic heart disease.® Multiple follow-up stud-
ies have shown that delivery of radiation to chest
wall or breast results in delayed cardiac morbidi-
ties ranging from ischemic heart disease (IHD) to
acute coronary syndromes and finally congestive
cardiac failure.” In our clinic, we used the regimens
that were routinely used in breast cancer patients
and determined our cardiac dose rates, according
to the dose and plan used for right and left-side
breast RT, and tried to evaluate the effect of these
doses on coronary disease risk.

Aznar MC et al., in their study, included women
in the age ranging from 36 to 76 years, with median
age 58.5 years, at the time of treatment.® Chung et
al., in their study, included women with a median
age of 50 (25-74) years.” In our study, the median
age of the patients with right-sided breast cancer
was 57 (40-80) years and of those with the left-sid-
ed breast cancer was 61 (42-76) years.

Long-term survival-related toxicities have be-
come important to be studied, as long-term sur-
vival rates have been achieved by the improve-
ments in diagnosis and treatment of breast can-
cer. Cardiac toxicity is especially important to be
checked in left-sided breast RT. In particular, the
LAD receives significant radiation, as it is in or near
the target volume. Moreover, studies have claimed
the cardiovascular mortality to increase after RT.>®
Population-based analyses have proven that high-
dose exposure to heart results in a cardiac morbid-

ity and death!!, however, no cardiac morbidity was
observed if heart exposure was negligible or low
for the treatment technique used.'? In our study,
we postulated that the heart entered into the field
of RT due to breast cancer should be examined as
well as for the doses taken by the subgroups of
heart but the cardiac morbidity or the cardiovas-
cular mortality was not examined since it was not
a follow-up study.

According to the Quantitative Analyses of
Normal Tissue Effects in the Clinic, National
Surgical Adjuvant Breast and Bowel Project, and
Radjiation Therapy Oncology protocols, the heart
mean dose is < 26 Gy, <4 Gy, and < 32 Gy, respec-
tively. The RACE collaboration reported a dose-
response relationship between the heart disease
risk and mean dose to the heart.? Compared with
the women with estimated heart doses <5 Gy, the
relative risks of heart disease in women with es-
timated doses 5 to 14 Gy and > 15 Gy were 15%
and 108% higher, respectively. Although there
was a 4% increase in the risk for each 1-Gy in-
crease in the estimated average heart dose, it is not
clear whether this linear relationship exists after
very low cardiac doses. The Danish Breast Cancer
Cooperative Group recommends that the volume
of heart receiving more than 40 Gy be kept below
5%, as well as the volume receiving more than 20
Gy be kept under 10%.1> Although it is generally
accepted that a dose of 40 Gy or more of radiation
can lead to heart disease, McGale and Darby have
shown evidence of an increased risk of radiation-
induced heart disease at doses below 5 Gy.! In our
study, the mean doses for heart of patients with
a left-sided breast cancer was 3.97 + 1.32 Gy, and
maximum dose was 50.32 + 3.31 Gy. For hearts of
patients with a right-sided breast cancer, the mean
of dose was 1.20 +0.19 Gy, and maximum dose was
6.34 + 7.52 Gy, suggesting a reasonable estimated
lower dose on heart compared with the heart of pa-
tients with left-sided breast cancer for the relative
risk of heart.

In one study, clinically significant perfusion de-
fects after RT were not found when the mean heart
rate was kept below < 5 Gy, using 3-dimensional
conformal radiation therapy (3D-CRT) or intensi-
ty-modulated radiation therapy techniques, and
precise measurements of cardiac function. In addi-
tion, there was no correlation between heart perfu-
sion or function of low doses, according to the dose
ratios of the heart. Although the long-term clinical
significance of perfusion defects and heart disease
is not known, the lack of worsening defects 1 year
after a low-dose exposure is encouraging.’ As a
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limitation in our study, the long-term effects of RT
should be investigated for the perfusion defects
and heart disorders in future.

Although the survival advantage provided by
adjuvant radiation has been demonstrated!>!¢, the
increased rates of cardiac morbidity and mortality
have been well described.’”? To adequately predict
the cardiac risks of modern radiation techniques,
the determination of a relationship between cardi-
ac doses and long-term morbidity and mortality is
necessary. Previous reports have attempted to cor-
relate the risk of cardiac injury with doses received
by the heart.’*?! Hooning et al., retrospectively re-
viewed the incidence of cardiovascular disease in
10-year survivors of breast cancer, treated from
1970 through 1986.2! Although the risk of cardio-
vascular disease increased with increasing esti-
mated mean heart doses, the risk was decreased
with more modern treatment techniques. More re-
cently, Nilsson ef al., demonstrated with coronary
angiography that the location and severity of coro-
nary artery stenosis correlates with the expected
regions of high-dose radiation, especially for left-
sided radiation or inclusion of the internal mam-
mary nodes.'” Correa et al., conducted a study on
14 patients, 13 with left and one with right-sided
breast cancer, who had stress tests and underwent
cardiac catheterization. In this study, in 11 of the 13
patients, the LAD was affected. In 8 of these 11 pa-
tients, a single vessel was affected, in one patient,
both LADs and the LCx were diseased, and in one
other patient, three main coronary vessels were
diseased. On the other hand, 1 patient had LCx
and right coronary stenosis without evidence of
LAD disease.? In our study, not only the mean and
maximum doses of RT on heart of left-sided breast
cancer were higher than the right-sided cancer, but
also the mean, maximum and minimum doses on
LAD, LCx, and both ventricles of left-sided cancer
were also significantly higher than left-sided can-
cers, suggesting a possibility of tendency for heart
diseases as well as LAD and LCx diseases.

Many different RT regimens were used from
1970 to 2000, and it was not possible to calculate
the dose of heart and coronary arteries in most pa-
tients. Taylor ef al. did a study to describe hot-spot
areas for radiation and classify RT as high or low-
risk.? In their study, the mean doses received by
Swedish women treated for left-sided breast can-
cer in the 1990s were 3.0 + 0.5 Gy to the heart and
12.0 £2.3 Gy to the LAD (including 1 cm margin).?
Aznar ef al. found that the mean doses to cardiac
structures were 2.9 + 2.2 Gy to the heart and 17.8
+ 14 Gy to the whole LAD (f1).? In our study, the
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mean doses to heart were calculated as 1.20 + 0.19
Gy and 3.97 = 1.32 Gy in the right- and left-sided
breast cancer, respectively. Moreover, the mean
doses to LAD were calculated as 0.97 = 0.10 Gy and
24.03 + 8.38 Gy in the right- and left-sided breast
cancer, respectively. These differences with the lit-
erature could be caused by differences in treatment
techniques or more likely in contouring strategy:
in the present study, the irradiation technique uses
tangential fields with CT based planning. These
results also indicate that a very low dose to LAD
seems to be associated with a very low dose to the
heart for breast tumors in different sides. To pro-
vide additional information, we suggest that LAD
should be contoured as a risk organ along with the
whole heart and used prospectively for optimiza-
tion of RT plan. If it is not possible to contour both
structures owing to limited time, the LAD should
be preferred as an organ at risk.

In RT to the breast cancer, the anterior part of
the heart, including the LAD, receives the high-
est radiation doses. The LAD dose was generally
greater than the dose administered to the whole
heart or to the other two coronary arteries.”® In an-
other study, for irradiated left- versus right-sided
breast cancers, the odds ratio (OR) for grade 3 to
5 stenosis in mid and distal (md) LAD + dD was
4.38 (95% confidence interval [CI], 1.64 to 11.7) and
for grade 4 to 5 stenosis, the OR was 7.22 (95% CI,
1.64 to 31.8). For high-risk RT wversus low-risk or
no RT, the OR for grade 3 to 5 stenosis in hot-spot
areas was 1.90 (95% CI, 1.11 to 3.24). An increase
of stenosis in mdLAD + dD in irradiated left-sided
breast cancer and an association between high-risk
RT and stenosis in hot-spot areas for radiation indi-
cate a direct link between radiation and location of
coronary stenosis.!” In our study, the highest radia-
tion dose in patients with left-sided breast cancer
was to LAD (mean 24.03 + 8.39 Gy), while in right-
sided breast cancer patients, it was to the RV (mean
1.30 £ 0.25 Gy), suggesting that it is not sufficient
to calculate the dose to one organ as an estimate of
the dose to all cardiac structures, and recommend-
ing that both ventricles and the LAD be contoured
and their respective dose burdens be considered in
RT of breast.

Handbook recommendation for breast RT is as
follows: LV and combined bilateral ventricle lim-
its: V5 <10% and V25 < 5%. The American Society
for Radiation Oncology (ASTRO) Consensus
Statement dose constraints for 3D-CRT Accelerated
Partial Breast Irradiation (IJROBP 2009) reports as
follows: heart V5 < 5% for right-sided tumors and
< 40% for left-sided tumors.?® In our study, the
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mean V5 of the LV was 18.68%, and 10% or less
in 3 patients and higher in 17 patients compared
with the recommendation of ASTRO Consensus
Statement. However, the mean V25 of the LV was
5.22% and consistent with the recommendations.
The mean V5 in the bilateral ventricles was 23.73%
(2.56-26.89). The mean V25 in the bilateral ventri-
cles was 6.78%, and < 5% in 7 patients and > 5% in
13 patients. These limits are also higher for more
patients than the recommendations, suggesting
that might be linked to an increased risk of cardiac
complications which has not been taken into ac-
count in the current study.

According to the guidelines, to minimize car-
diac side effects, the left ventricular dose should
be V5 < 10%, the bilateral ventricular dose V25 <
5%, and the whole heart dose <4 Gy. For this pur-
pose, in a dosimetric analysis, free and breath hold
technique were planned with both forward and
inverse IMRT presenting a significant decrease of
radiation exposure to the contralateral breast, left
and RVs, as well as proximal and especially distal
LAD by breath hold with forward IMRT.?* Another
study reported that deep inspiration breath hold
plans proved large reductions of dose to the heart.
V20 of the heart is reduced from 7.8% to 2.3%, V40
from 3.4% to 0.3% and mean dose from 5.2 to 2.7
Gy.” This may be another goal of future studies to
reduce the risks of heart diseases in RT of breast
cancer.

During the past few decades, the wide variation
in the cardiac doses worldwide are likely to have
resulted from the diversity in RT practice. Our es-
timates including coronary artery and heart doses
in right and left-sided breast cancers will be use-
ful when deriving dose-response relationships.
These results emphasize the importance of using
treatment techniques in the left-sided breast cancer
that minimize cardiac irradiation, consistent with
the “as low as reasonably achievable” concept, and
the need for further study of the long-term clinical
impact after low-dose exposure.

Conclusions

Almost all patients with breast cancers are exposed
to cardiotoxic chemotherapy and potentially cardi-
otoxic RT to the heart vessels. In the background of
modern techniques, especially in left-sided breast
cancer, the most direct and best strategy to reduce
and protect radiation-induced cardiac injury is to
balance dose constraints between several high-
dose regions of cardiac substructures and the mean

heart dose. If necessary, deep inspiration breath
hold respiratory gating, prone positioning or MLC
blocking may be used to minimize dose to heart.
Additional work is needed to better understand
the dose/volume/effect relationships for cardiac in-
jury, and to find authoritative approaches, which
can be the guidelines for detection and manage-
ment of radiation-related heart diseases.
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