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ABSTRACT

Background: Breast cancer (BC) is a global threat to women’s health. Volumetric
intensity modulated arc therapy (VMAT) is effective for the local control of BC. This
study evaluated the pulmonary and cardiac radiotherapeutic dosage to provide
information for estimating normal tissue complication probability (NTCP) once
malignant tumors appear in patients’ left and right breasts. Materials and Methods:
We conducted a retrospective analysis of VMAT regimen of 40 patients with BC,
among whom 20 patients (group 1) were diagnosed with right BC and 20 patients
(group 2) with left BC. The pulmonary and cardiac dose volume histogram (DVH)
parameters were acquired and compared between patients with left and right BC
treated with VMAT. Results: Generally, the pulmonary and cardiac dosages in patients
with right BC were larger than in those with left BC. For the lung, the V,, and Vs of
right BC patients were significantly higher, relative to the left BC patients (P<0.05). For
the heart, the Vs and Vy, of right BC patients were significantly lower, compared to left
BC patients, with differences of up to 20% and 10%, respectively (both P<0.05). Vy,
V3g, and V4o as low as zero were observed for right BC patients. Conclusions: When
treating left BC, image guidance and respiratory management techniques should be
applied to limit radiotherapy complications that occur in the heart because of patient
positioning and respiratory movement.

INTRODUCTION

Breast cancer (BC) is a life-threatening malignant
tumor affecting women worldwide (2. The main
factors related to BC incidence include alcohol
consumption, premature menarche, advanced
menopause, obesity in postmenopausal women, and
elevated body estradiol levels (3-6). The exploration of
effective BC therapy methodologies is beneficial to
prolonging life and improving quality of life for
BC- suffering women.

Radiotherapy is a promising therapeutic
methodology for achieving better regional
modulation and survival rate; thus, it is
recommended by the Early BC Trialists’ Collaborative
Group (EBCTCG) (™. During radiotherapy, ionization
beams are used to irradiate the breast tumor, which
introduces an extra radiation to the cardiac and
pulmonary zones of BC patients. lonization beam
irradiation results in normal tissue complication
possibility (NTCP) (10). Compared to traditional
three-dimensional conformal radiotherapy (3D-CRT),
volumetric intensity modulated arc therapy (VMAT)
can achieve a reduced dosage in healthy tissues
without sacrificing the target dose because of its

inverse dose optimization algorithm (1-13). [t is
necessary to evaluate the VMAT dose in BC patients
in terms of reducing heart and lung dose.

In terms of BC patients treated with VMAT
radiotherapy, the radiation dosage to organs at risk
(OARs) is the most important factor for damage to
OARs. According to a previous study (14, the death
rate due to cardiovascular disease in left BC patients
is considerably increased, compared to right BC
patients after radiotherapy. A previous study (1)
show that left BC patients experience a higher risk of
cardiac damage due to radiotherapy. Till now, most
investigations concentrated on the vital organ dose of
patients with right or left BC receiving VMAT
radiotherapy (1619, However, few studies have
compared vital organ doses between left and right BC
patients who underwent VMAT radiotherapy. Unlike
existing studies, this study aimed to quantify the
difference in VMAT radiotherapy dosage to the
cardiac and pulmonary zones between left and right
BC patients. This study serves as a beneficial
reference for future studies assessing radiation
complications from VMAT radiotherapy in BC
patients.
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MATERIALS AND METHODS

BC patient selection

Forty BC patients who underwent VMAT were
selected to evaluate the VMAT dosage to the cardiac
and pulmonary zones of left and right BC patients.
Among the 40 BC patients, 20 patients were
diagnosed with right BC (group 1) and the other 20
with left BC (group 2). The (mean age * standard
deviation) is 48.9+8.5 for all the 40 patients, 48.2+7.8
for group 1, and 49.7+9.2 for group 2. The
VMAT-treated region included the whole breast and
supraclavicular regions. The serial number of the
institutional Ethical approval is KY2019-17 registered
on November 15, 2019.

Computed tomography (CT) imaging and organ
segmentation

The 40 patients with BC were scanned with a
Philips Brilliance Big Bore CT simulator. For each
patient, the region between the mandible and
diaphragm was scanned using CT and included the
entire region treated with VMAT. The clinical target
volume (CTV) was segmented into the whole breast
using a malignant tumor and the corresponding
supraclavicular region. The OARs, including the heart,
lung, trachea, esophagus, and spinal cord, were also
segmented by radiation oncologists.

Treatment planning and VMAT machines

The CT images and contours of 40 patients (target
and OARs) were transferred to the VMAT treatment
planning system (TPS). The Pinnacle TPS from Philips
was adopted to generate VMAT plans for the 40
patients, and a Varian IX linac was used to irradiate
BC patients. The prescribed dosage of 50 Gy in 25
fractions was applied to the 96% dose line covering
more than 95% of the CTV. The OAR dose constraints
from the AAPM TG101 report were used: double-lung
V20<10% and heart Dmax<30 Gy (29. A VMAT plan with
four arcs was generated using the Pinnacle TPS for
each patient with BC.

Dose volume histogram (DVH) parameters and
statistical analysis

In terms of the cardiac and pulmonary zones, the
DVH parameters of Vs, Vi, V2o, V30, and Vio were
defined as the volumes that received over 5, 10, 20,
30, and 40 Gy dosage. All DVH parameters were
obtained from the DVHs of the VMAT treatment
plans. In this study, the data analysis was processed
with SPSS 21.0 software from IBM Company. The
DVH parameters for left and right BC patients were
normally distributed based on a normality test, and
expressed as mean (X ) of a specific DVH parameter
and standard deviation (SD) of the mean. A paired
sample t-test was carried out comparing DVH
parameters in the left and right BC cases. Statistical
significance of the dose comparison was defined as
P-values less than 0.05.

RESULTS

This section aims to compare the DVH parameters
(i.e., Vs, V1o, V20, V30, and Vao) between groups 1 and 2
using box plots and paired sample t-tests. For each
DVH parameter, the mean, SD, t-value, and P-value
were computed and are listed in tables 1 and 2 for
groups 1 and 2, respectively.

Table 1. Comparison of DVH parameters for the whole lung
between groups 1 and 2.

Organ Parameter | Group 1 | Group 2 t P

Vs (%) 42;;? 4192? 2.921 |0.010

Vio (%) 453';21' 3‘;‘2? -1.154 | 0.263

Whole lung Va0 (%) 253.'.‘jéi 25(’).'2;i 3.811 | 0.001
Vi (%) 12_?51* 12‘31* -0.162 | 0.86

Vio (%) 13;'221 ii;g 1.446 | 0.167

Table 2. Comparison of DVH parameters between groups 1
and 2.

Organ|Parameter| Group 1 Group 2 t P

V5 (%) [3.16+3.22|24.19+7.43(17.722|7.675E-13
Vip(%) [0.29+0.60|11.67 +4.39|10.782(2.768 E-9
V(%) [0.00+0.00|5.90+2.64|9.749 [1.317 E-8
Heart| V3,(%) |0.00+0.00|3.52+1.76 | 8.689 |7.400 E-8
Vio(%) [0.00+0.00| 1.84+1.06 | 7.543 |5.601 E-7

DVH parameters comparison for lung

Figure 1 compares the DVH parameters of the
whole lung between groups 1 and 2. As illustrated in
Figures 1a and 1b, the lung volume receiving a low
dose <5 Gy in group 1 is significantly increased,
compared to group 2, which suggests that right BC
patients are likely to have a larger region with a
lower dose than those with left BC when receiving
VMAT treatment. For DVH parameters except Vs and
V20, patients in group 1 had larger variation than
group 2 patients. This indicates that the lung dose in
right BC patients has a closer relationship with
patients’ chest anatomies. When evaluating clinical
VMAT treatment plans, V2 is the top concern of
clinical radiation oncologists. As seen in table 1, the
V20 of group 1 was significantly larger, compared to
group 2 (P=0.001, P<0.05), which suggests that
patients with right BC experience an enhanced
prevalence of radiation complications, compared to
left BC patients, from the viewpoint of clinical
radiotherapy.

DVH parameters comparison for heart

Figure 2 compares the DVH parameters of the
heart between groups 1 and 2. As illustrated in
figures 2a and 2b, the Vs and V1o of the heart in group
1 were significantly less than those in group 2 by up
to 20% and 10%, respectively, which suggests that
the hearts of right BC patients are likely to have a
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larger region with a low dose than that of patients
with left BC for VMAT treatment. Relative to group 2,
group 1 showed more severe variations in Vs and Vig
among different patients. This implies that the
low-dose region in patients with right BC varies more
with chest anatomy.As listed in table 2, the mean and
SD for Vs, Vio, V20, V3o, and V4o in group 2 were
markedly larger, compared to group 1 (P<0.05). The
hearts of patients with right BC are likely to undergo
less photon irradiation than those of left BC patients
while undergoing VMAT therapy. V2o, V30, and Vo as
low as zero were observed in group 1, which reveals
that the hearts of patients with right BC receive
almost no high-dose irradiation from VMAT beams.
Thus, patients with right BC have a much lower
incidence of radiation-induced side effects from
VMAT than patients with left BC.
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Figure 1. Box plots of lung DVH parameters for (a) 20 patients
with right breast cancer (group 1) and (b) 20 patients with left
breast cancer (group 2).

Two-dimensional dose comparison between
groups 1 and 2

Two patients were selected from each of groups 1
and 2. Figure 3 compares the two-dimensional
planned doses between the selected patients from
groups 1 and 2. As seen in figures 3a and 3b, none of
the five dose lines (5000 cGy, 4000 cGy, 3000 cGy,
2000 cGy, and 1000 cGy) passed through the heart in
both selected right BC patients, suggesting that the
heart is almost not affected by VMAT irradiation. In
right BC patients, the incidence of radiation-related

complications in the heart is very low. As shown in
Figures 3c and 3d, all dose lines except for the 5000
cGy dose line passed through the heart ventricle in
the selected left BC patients. This means the left
ventricle of left BC patients undergoes high-dose
irradiation and has an enhanced risk of radiation-
related complications, compared to right BC patients
during or after VMAT. The geometric relationship
between the treated region and heart determines the
heart irradiation dose from VMAT. For a patient with
right BC, the heart is far away from the treated
region. This means the heart receives a relatively low
dose. But, in left BC patients, the left heart ventricle is
very close to the treated region. Therefore, the heart
dose is high.
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Figure 2. Box plots of lung DVH parameters for (a) 20 patients

with right breast cancer patients (group 1) and (b) 20 patients
with left breast cancer (group 2).

5000 cGy 4000 cGy 3000 cGy 2000 ¢Gy 1000 cGy
Figure 3. Two-dimensional dose distributions for two patients
with left breast cancer (a, b) and two patients with right breast
cancer (c, d).
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DISCUSSION

High BC  prevalence is common in
postmenopausal women. The mortality rate of
patients with in situ BC is relatively low. However,
the health of women is threatened when breast
carcinoma cells spread throughout the body via the
blood (1 22), To date, radiotherapy after radical
surgery is the first in line intervention for BC. Thus,
radiotherapy could reduce recurrence and death
rates and increase combined treatment efficacy for
BC. During BC radiotherapy, the lung is very sensitive
to VMAT irradiation, and normal lung tissues within
the treated region experience photon radiation
damage. Radiotherapy-related complications include
pulmonary edema, alveolitis, and pulmonary fibrosis.
These complications seriously reduce lung function.
Radiotherapy-related pneumonia is not reversible;
however, there are few effective treatment
methods. Most patients die within two months
after radiotherapy-related pneumonia seizures.
At present, the incidence of radiation-related
pneumonia is reduced by administering a lower dose
during radiotherapy.

Radiation-triggered cardiac disease is a
complication of BC patients who underwent
radiotherapy. Left BC patients have a much higher
heart dose than right BC patients because a larger
heart volume is involved when treating left BC with
radiotherapy. A prior study (23 reported that 40% of
BC patients who receive radiotherapy experience a
decrease in myocardial perfusion, and the degree of
decrease is closely related to the irradiated heart
volume. Schultz-Hector et al. verified that the
prevalence of radiotherapy-triggered cardiac disease
in left BC patients is markedly increased, compared
to right BC patients, since left BC patients receive a
larger cardiac dosage (4. The results of this study
also show that left BC patients have a remarkably
larger irradiated cardiac volume and higher heart
dose than those of right BC patients (P<0.05).

In clinical BC radiotherapy, many factors affect
the incidence of radiotherapy-related pneumonia.
Normal lung tissue volume receiving over 20 Gy (V20)
is one of the main independent factors related to lung
damage from radiotherapy. VMAT, an advanced radi-
otherapy technique, is frequently applied after BC
surgery. During VMAT, the high-dose prescription is
confined to the treated breast region. Thus, the dose
to surrounding tissues is increased without
sacrificing the target dose. The severity of radiation
pneumonia is closely related to lung Vzo. Larger lung
V320 is associated with more serious radiation damage.
Thus, this study evaluated lung V2o in radiotherapy
for left and right BCs. The results of this study show
that patients with left BC and those with right BC
experience similar radiation damage to the lung
when VMAT is applied.

Photon irradiation of the heart during BC
treatment can induce damage to the cardiac

substructure. Kaidar-Person et al. found that
perfusion defects in the anterior wall of the heart
depended on the heart dose (HD) and irradiated heart
volume (IHV) using single-photon emission CT
(SPECT) in BC patients after radiotherapy (25).
However, the relationship between IHV and severity
of post-radiotherapy myocardial damage remains
unclear and varies among BC patients receiving
radiotherapy. In clinical radiotherapy, the HD and IHV
should be reduced as much as possible when the
prescribed target dose is sufficient. The results of this
study show that the HD and IHV in patients with left
BC were much higher, compared to right BC patients
following VMAT (P<0.05). The specificity of clinical
manifestations of myocardial damage from
radiotherapy is low. Thus, compared to right BC
patients, left BC patients need to pay close attention
when an abnormal cardiac state occurs after VMAT.
For left BC patients, image guidance techniques (i.e.,
gating and active breath coordination [ABC]) and
image-guided techniques (IGRT) are necessary to
prevent increased radiation dosage to the heart
because of respiratory movements during VMAT.

CONCLUSIONS

In this study, the lung and heart doses following
VMAT for left and right BC were evaluated by
analyzing DVH parameters. The findings showed that
the lung dose of left BC patients was similar to that of
the right BC patients following VMAT (P>0.05).
Compared with right BC patients, the hearts of left BC
patients hearts received more photon irradiation and
had a higher heart dose and IHV (P<0.05). Thus,
effective methods (i.e, ABC and IGRT) need to be
adopted to reduce the discrepancy between the
planned and clinically delivered doses and to prevent
serious myocardial damage from happening to the
hearts of left BC patients.
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