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ABSTRACT

Background: In the radiotherapy of patients with esophagus and breast
cancer, the heart receives a significant dose of radiation that might cause
heart complications. Thefore, the aim of the current study was to evaluate
the effects of esophagus and left breast cancer radiotherapy on the cardiac
function and to determine the relationship between the dosimetric
parameters and ejection fraction (EF) changes. Materials and Methods:
Patients with esophageal (n=13) and left breast cancer (n=21) enrolled at our
radiotherapy center from March to October 2017. Echocardiography tests were
obtained from patients, before and six months after the radiotherapy. Dosimetric
parameters were extracted from treatment planning system. The assessed
outcomes included pre- and post-radiation EF ratios and percentage change in the
EF following radiation. Results: The mean * standard deviations of EFs in
patients with breast cancer before and six months after treatment were
55.95%%3.2% and 53.10%16.30% respectively, which were not statistically
significant (P = 0.07). In patients with esophagus cancer, the mean * standard
deviations of pretreatment and post-treatment EFs were 56.76%+3.44% and
52.09%+3.88% respectively, which were statistically significant (P = 0.005).
Conclusion: The results of our study showed a significant variation of EFs in
esophageal cancer patients following radiotherapy, while breast cancer
patients treated with radiotherapy showed no significant change. In patients
with esophagus cancer, there was a significant correlation between the
variation of EFs and volume of heart receiving radiation doses =30 Gy (2V30).
Therefore, to avoid reduction in EF, the use of V20 as a dose-volume
constraint is recommended.

Keywords: Radiation therapy, cardiac function, breast cancer, esophagus cancer,
echocardiography.

INTRODUCTION Esophageal cancer is the eighth-most-common

cancer and the sixth cause of cancer deaths in

Breast cancer is the second-most-common the world ). Esophageal cancer is the

cancer and the main cause of death from cancer second-most-common cancer among men and

among women in the world. Breast cancer the third-most-common cancer among Iranian
includes 33% of women's cancer and 19% of women 3),

cancer-related deaths among women 1), In the radiotherapy of patients with
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esophageal and left breast cancer, though the
tumor is directly irradiated, the heart is also
exposed some unwanted radiation *). In the
radiotherapy of patients with right breast
cancer, the heart does not receive any significant
dose of radiation that might cause heart
complications G ©).

The amount of radiation received by the
heart due to radiotherapy is associated with
short-term and long-term cardiac complications.
Long-term side effects of the heart due to
irradiation include myocardial fibrosis,
conduction defects, accelerated coronary artery
disease, valvular problems, and delayed
pericarditis. The most common acute heart
complication due to irradiation is pericarditis,
which is, of course, usually limited *7). Studies
have also shown that a radiation dose received
by the heart causes changes in the left ventricle
ejection fraction (LVEF) and leads to heart
complications (& 9),

According to the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging report, the normal
LVEF for adults over 20 years of age is 53-73%
(10, Mukherjee etal (® have shown that, in
esophageal cancer patients, chemoradiotherapy
(CRT) significantly reduces the cardiac ejection
fraction from the baseline (EF=63%). Previous
studies have revealed that cardiac complications
due to radiotherapy are related to the dose of
radiation received by the heart (.11, Therefore, a
volume of the heart that receives a given dose is
important and can be evaluated. In several
studies, the relationship between dosimetry
parameters and cardiac complications of
radiotherapy has been investigated (7. 11-14),

Several methods have been employed to
diagnose cardiac complications such as
biomarkers and CT images +-13), But studies have
shown that an increase in the number of
biomarkers is not related to the variation of the
ejection fraction (15.16), [n addition, the radiation
dose received by the patient due to CT scan is
relatively high and there is a probability of
complications, such as increased cancer
induction risk (17), This has been confirmed by
the report of the International Commission on
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the Radiological Protection Special Task Force
(18).

Owing to its easy accessibility, reliability, and
lack of ionization radiation, echocardiography
can be used as the basis for cardiac imaging to
evaluate patients for cardiac complications
before and after cancer therapy with radiation.
Echocardiography also allows for a complete
assessment of left and right ventricular
dimensions, and systolic and diastolic
activities in relaxed and stressed conditions, as
well as for a complete evaluation of the heart,
aorta, and pericardium (19),

Using quantitative echo-based measurements
is valuable and applicable for monitoring/
assessing heart functionality changes after
radiotherapy. In addition, it is substantioal and
vital to assess the possible correlation with heart
dose-volume histogram (DVH) parameters, in
order to predict the incidence of ejection
fraction variations on the basis of dose
distribution in heart. Therefore, the aims of the
current study were to investigate the effects of
esophagus and left breast radiation therapy on
the heart using echocardiography and to
determine the relationship between dosimetric
parameters and the ejection fraction due to
radiotherapy.

MATERIALS AND METHODS

Patient population

The present study was conducted following the
approval by Ethical Committee of Urmia
University of Medical Sciences (Iran, approval
number: IR.UMSU.REC.2017.89). Patients with
esophageal (n=13, 40-90 years) and left breast
cancer (n=21, 23-79 years), all of whom were
referred to our radiotherapy center between
March and October 2017, participated in the
current study. All the patients were treated with
radiotherapy, and 15 (esophagus=6 and breast
cancer=9) received  cisplatin as  the
chemotherapy drug (adjuvant therapy). The
clinical and demographic characteristics of the
studied patients are providedin table 1.
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Tablel. Clinical and demographic characteristics of the studied patients (n=34).

Tumor site
Breast Esophagus
Number of patients 21 13
Tumor stage (TNM " staging system)
T1 5 4
T2 13 7
T3 3 2
Adjuvant therapy (CRT*) 9 6
Radiotherapy 12 7
Smoking patients 2 4
Nonsmoking patients 19 9
MeanzSD*of age (years) 51.55+14 69.15+14
MeanzSD of blood pressure (mm Hg) 105.2445.60 105.154+8.90
MeanSD of fast blood sugar (mg/dL) 108.95+20.53 108.46+23.50
MeanSD of cholesterol (mg/dL) 194.57+38.14 175.62+38.50
MeanzSD of weight (kg) 78.90+£16.76 64+7.0
Mean+SD of height (cm) 162.71+4.74 164+46.0
Mean+SD ejection fraction (%) 55.95 +3.20 56.7613.44
TNM= Tumour Node and Metastasis * Chemoradiotherapy (CRT) *SD= Standard Deviation

Informed consent was obtained from all
participants. Echocardiography was performed
on patients before starting radiotherapy. All the
patients were treated with radiotherapy, and
patients who had a heart problem before
treatment or had undergone radiotherapy for
another cancer in the chest area were excluded
from the study. The following clinical and
demographic factors were obtained from the
patients' records in order to evaluate their
association with the changes in the ejection
fraction: age, weight, height, tumor stage, fast
blood sugar, cholesterol, blood pressure,
smoking, and alcohol.

Treatment planning

In this study, the CorePLAN treatment
planning system (TPS), version 3.5.0.5 (Seoul
C&J,Inc.), was used. CorePLAN is a commercial
treatment planning system that uses photon and
electron beam  dose calculations for
three-dimensional conformal radiation therapy
(3D-CRT) (20.21), Dose calculations by CorePLAN
were done through collapsed cone convolution
(CCC) and equivalent tissue air ratio (ETAR)
algorithms for photon, and the Hogstrom
algorithm for electron beams. Numerous clinical
tests have confirmed the accuracy of these

Int. J. Radiat. Res., Vol. 17 No. 2, April 2019

algorithms (22.23),

The methodology described in the IAEA
TECDOC 1583 (29 was conducted using the
CorePLAN treatment planning system. An
anthropomorphic phantom was scanned with a
computed tomography (CT), and treatment
plans for different test cases were prepared on
CorePLAN TPS (3. Dose calculations were
performed on CorePLAN TPS and measured with
an ionization chamber, then differences between
the calculated and measured doses were
evaluted.

All the patients underwent CT scanning with
a Siemens somatom system. After that, CT slices
were transferred to a CorePLAN treatment
planning system through a DICOM network.A
radiation oncologist then contoured the gross
tumor volume (GTV), the clinical target volume
(CTV), the planning target volume (PTV), and the
organs at risk (OARs) on the planning CT slices,
in line with the guidelines of the International
Commission on Radiation Units & Measurements
(ICRU) @6.27), In all enrolled patients, PTV was
defined as CTV +1cm margin.

All the patients were irradiated by a 6-MV
photon beam from medical linear accelerator
(Siemens Primus, Germany). The prescribed
radiation doses for patients with breast and
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esophageal cancers were 5000 cGy and 5040
cGy at 200 cGy per fraction respectively so that
it covered at least 95% of the PTVs.

In the treatment planning system, the heart
and lung of all the patients were contoured as
OARs, and the following dosimetric parameters
were extracted from TPS: PTV dose = dose
received by planning target volume; Cadiac dose
= dose received by the heart; V10, V20, V30,
V40, and V50 are equal to the percent volume of
heart receiving radiation doses of 10, 20, 30, 40,
and 50 Gy, respectively; and NTCP = normal
tissue complication probability. NTCP was
calculated using the Lyman-Kutcher-Burman
(LKB) model.

An example of contouring and dose
distributions of three-dimensional conformal
radiotherapy (3D-CRT) treatment plans in
breast and esophagus cancer patients are shown
in figure 1.

Evaluation of ejection fraction

The ejection fraction (EF) is the fraction of
blood ejected from a ventricle of the heart with
each heart beat. The ejection fraction is
commonly measured by echocardiography,
where the volumes of the heart’s chambers are

measured during the cardiac cycle. Prior to and
six months after radiotherapy,
echocardiography tests were obtained from the
participants to evaluate the changes in the heart
ejection fraction. Echocardiography was carried
out with a GE Vivid S6 (GE-Healthcare, USA).
Both echocardiography tests (before and after
radiotherapy) were performed by a cardiologist
to increase the accuracy of the study.

Statistical analysis

Statistical package for the Social Sciences
(SPSS: version 20.0) was used for data analysis.
To evaluate the normality distribution of the
data, we analyzed the data wusing the
Shapiro-Wilk test, which revealed that the data
were not normally distributed. Therefore, the
Wilcoxon non-parametric test was used to check
the significance level of the results. The Wilcoxon
non-parametric test was used to evaluate the
relationship between the patients’ cardiac
ejection fraction before and six months after
radiotherapy. In addition, the Pearson’s
correlation test was used to evaluate the
relationship between dosimetric parameters and
ejection fraction changes before and six months
after radiotherapy.

Figure 1. An example of contouring and dose distributions of the 3D-CRT treatment plans in breast (left) and esophagus (right)
cancer patients.

RESULTS

A significant result of the clinical data was
that a large number of patients with breast
cancer had a Stage 2 tumor (table 1).

An example of dose-volume histograms
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(DVHs) of targets and OARs derived from the
treatment plans of the 3D-CRT in breast and
esophagus cancer patients are presented in
figure 2.

Evaluation of the 3D-CRT treatment plans
showed for patients with breast cancer, the
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mean * standard deviations of GTV and PTV
were 23.50 + 17.55 cm3 and 207.90 + 131.90
cm3 respectively and also for patients with
esophageal cancer, the mean # standard
deviations of GTV and PTV were 54.20 + 27.78
cm3 and 546.87+261.50 cm3 respectively. The
mean * standard deviation of the delivered

Dose Volume Histograms

Relative Dose ( % )
0 20 40 60 80 100 120
110 } f t f t t
100 i —o . - - B : :
I %0 & TV
B 80 Fd b Heart
T 70 \* - LeftLung @
5 e .
S
g % '
4 \
e 30 . . . * PR
0
a O 1000 2000 3000 4000 5000 6000
Absolute Dose ( cGy )

radiation dose to PTV for breast cancer patients
was 5082.26 + 167.38 cGy, and for esophagus
cancer patients it was 5345.24+328.96 cGy. The
mean * standard deviations of the dosimetric
parameters for the studied patients are
provided in table 2.
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Figure 2. An example of dose-volume histograms (DVHs) of targets and OARs derived from the 3D-CRT treatment plans in breast
(a) and esophagus (b) cancer patients.

Table 2. Mean + standard deviations (SD) of dosimetry parameters for studied patients.

Dosimetric parameters

Breast Esophagus

MeanzSD of PTV radiation dose (cGy)

5082.26+767.38 5345.24+328.96

MeanzSD of heart radiation dose (cGy)

617.32+£265.95 2805.47+1111.74

V10(%)£SD 14.57+1.51 74.39+20.17
V20(%)£SD 10.94+1.39 62.80+21.14
V30 (%)+SD 8.49+1.15 52.84+22.32
V40 (%)+SD 5.96+0.86 43.44+19.87
V50 (%)+SD 1.026+0.91 13.70£10.13

The Wilcoxon non-parametric test was
employed to evaluate the relationship between
the patients’ cardiac ejection fraction before and
six months after radiotherapy. The mean #*
standard deviations of the ejection fraction in
the patients with breast cancer before and six
months after treatment were 55.95% * 3.20%
and 53.10% * 6.30% respectively, which were
not statistically significant (P = 0.07). In patients
with esophageal cancer, the mean * standard
deviations of pretreatment and post-treatment
ejection fractions were 56.76%+*3.44% and
52.09% * 3.88% respectively. In patients with
esophageal cancer, the ejection fraction
difference between the pretreatment and the
post-treatment was statistically significant (P =

Int. J. Radiat. Res., Vol. 17 No. 2, April 2019

0.005). To determine the association between
the changes in the ejection fraction between
smoking and non-smoking patients, the Mann-
Whitney U test was conducted, but the results
showed no significant difference (P=0.494).

The results of Pearson’s correlation test
between the dosimetric parameters of breast
and esophageal 3D-CRT with ejection fraction
changes are provided in table 3. This test results
showed that in patients with breast cancer there
was a statistically significant relationship
between the amount of received radiation dose
by the PTV and ejection fraction changes (P =
0.039). There was no statistically significant
relationship  between  other  dosimetric
parameters and ejection fraction changes. This
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test showed that in patients with esophageal
cancer, there was a statistically significant
relationship between the amount of received
dose by the PTV and the ejection fraction
changes (P = 0.001). Moreover, a statistically
significant relationship was seen between

(V30, V40, V50) and variations of the ejection
fraction.

The mean # standard deviations of NTCP
obtained from the TPS for esophageal and breast
cancer patients were 5.64% * 3.23% and 6.19%
* 4.05% respectively.

Table 3. The results of Pearson’s correlation test between the dosimetric parameters of breast and esophageal 3D-CRT with
ejection fraction changes.

Pearson’s correlation between dosimetric parameters and ejection fraction changes
Dosimetric parameters Breast cancer treatment Esophageal cancer treatment
r P-Value r P-Value
PTV* radiation dose (cGy) -0.454 0.039 -0.878 0.001
V10(%) -0.213 0.353 -0.449 0.123
V20(%) -0.251 0.273 -0.508 0.077
V30 (%) -0.288 0.206 -0.760 0.003
VA0 (%) -0.293 0.198 -0.747 0.003
V50 (%) -0.155 0.503 -0.566 0.044

* Planning Target Volume (PTV)

DISCUSSION

In the current study, we evaluated the effects
of radiotherapy on the cardiac ejection fraction
in breast and esophageal cancer patients. The
results of our study showed an early variation of
the ejection fraction in esophageal cancer
patients who had received radiotherapy, while
no significant changes were observed in breast
cancer patients. Out of the 21 breast cancer
patients who were studied, in five patients
(24%) the ejection fraction decreased; in 14
patients (66%) the ejection fraction remained
unchanged; and in two patients (10%) the
ejection fraction increased. Out of the 13
patients with esophageal cancer, in eight (62%)
the ejection fraction decreased and in five (38%)
the ejection fraction remained unchanged.

Based on previous studies, the reduction in
the ejection fraction after radiotherapy of
esophageal cancer patients could be considered
to cause long-term cardiac complications (8, 28).
However, in the present study, six months after
radiotherapy, the reduction in the cardiac
ejection fraction was statistically significant
(p=0.005). Since cardiac complications before 12
months after radiotherapy can be called acute
complications (29), the reduction in the ejection
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¢ Correlation coefficients (r)

fraction six months after radiotherapy is an
acute complication of the heart.

During radiotherapy, when the heart receives
a radiation dose, all cardiac structures can be
damaged including myocardium, endocardium,
nerve conducting pathways, pericardium, and
coronary arteries (30, 31). The risk of these
damages due to radiation is associated with the
volume of the heart and the amount of radiation
received by it. The radiation dose received by
the PTV in both breast and esophageal cancer
patients was approximately the same (table 2),
but the volume of the heart that received
radiation dose is important. We observed that
the volume of the heart that received radiation
dose (230Gy) in patients with esophageal cancer
was higher than in breast cancer patients (table
2), this issue can be attributed to the reduction
in the ejection fraction in patients with
esophageal cancer.

The results of NTCP obtained from the TPS
for both esophageal and breast cancer patients
revealed that there was no significant
correlation between the NTCP and the results
obtained from the echocardiography test. In
another study, a similar result was obtained, and
no significant relationship was observed
between the calculated NTCP and the clinical

Int. J. Radiat. Res., Vol. 17 No. 2, April 2019
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findings regarding the ejection fraction (7).

In patients with esophageal cancer, there was
a significant correlation between the variation of
the ejection fraction and volume of heart
receiving radiation doses 230 Gy (=V30).
Therefore, we suppose that the volume of heart
receiving radiation dose 20 Gy (V20) maybe a
useful dosimetric factor to avoid reduction in
ejection fraction. Since in this study up to dose
V30 the probability of developing heart
complications is very low, heart V20 can be
stated to be a decisive factor for 3D-CRT in the
thoracic area.

In the current study, 19 patients were treated
with radiotherapy and 15 patients received
adjuvant therapy (CRT), i.e. cisplatin was used
as a chemotherapy drug with radiation.
According to the previous studies, cardiotoxicity
following the administration of cisplatin may
appear one year after treatment session (30,
32). Therefore, cardiotoxicity due to cisplatin
cannot influence the results of our study.

A statistically significant decrease in the
ejection fraction of esophageal cancer patients
was observed, which revealed a significant
correlation between the reduction in the
ejection fraction and the volume of the heart
that received a high dose (30, 40, and 50 Gy).
This effect of radiotherapy may enhance the risk
of post-treatment morbidity due to cardiac
complications. Therefore, we suggest that, when
it comes to treatment planning, the PTV should
be carefully determined to reduce the size of
dose reaching the heart. In patients with
left-sided breast cancer, we did not see any
significant change in the ejection fraction.
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