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ABSTRACT

This study compared conventional dose fractionation and
hypofractionation in breast cancer radiotherapy to optimize treatment planning using
different physical indices

In this retrospective study, the treatment plans of 30 patients eligible
for radiotherapy for left-sided breast cancer were investigated. Patients were treated with
a conventional dose- interval regimen and three hypofractionated regimens. Dosimetry
indexes such as the homogeneity index, conformity index, and mean dose to the left breast,
lung, and heart were extracted from the dose-volume histogram and compared with each
other to study the four different treatment regimens.

According to the data obtained, the mean dose to the left breast (PTV), heart and
ipsilateral lung was significantly reduced in hypofractionation methods compared to
conventional regimen. The homogeneity and the conformity index values showed no
significant difference in any of the treatment regimens. The dose received showed no
difference in lung volume. For heart, the volume of 38 and 43% of the prescribed dose were
significantly higher in the conventional method than in the three hypofractionation
regimens.

Hypofraction treatment regimens with fewer treatment fraction and a dose per
fraction greater than 2Gy compared to conventional dose fractionation led to a dose
reduction for the heart and the same side of the lung.

Breast-conserving therapy, Breast mean dose, Conventional radiation therapy,
Hypofractionated
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Introduction

reast cancer is one of the most commonly

diagnosed cancers in women worldwide, and

radiotherapy is used after surgery to reduce the

local recurrence of breast cancer. Typically, a
single dose of 1.8 to 2.0Gy is delivered to the tumor in 25
fractions over 5 to 6 weeks. Such a lengthy treatment
program has an impact on patient acceptance and department
workload. To address these limitations, a reduced treatment
regimen has been proposed. Hypofractionated radiotherapy
requires fewer treatment fractions and doses greater than
2Gy. Retrospective data suggest that hypofractionated
radiotherapy is appropriate for 13 to 16 fractions and a dose
of 2.5 to 3 Gy/fr for a total hypofractionated dose of 39 to
43Gy, with no associated acute or late radiation toxicity.
Standardization of Breast Radiotherapy Trials (START) is
led by the National Cancer Research Institute in the United
Kingdom. These studies included START A and START B.
The START A study included two doses of 13 fraction
radiation (39 and 41.6Gy) delivered over 5 weeks to measure
tumor control and damage to healthy tissue surround the
tumor, and the START B study included a total dose of 40Gy
in 15 fractions 2.67 Gy within 3 weeks. The study of
dosimetric factors related to healthy organs and tumor tissue
such as conformity index, homogeneity index, and mean
dose of the dose distribution histogram (DVH) is a tool to
evaluate the design treatment plan and selection of the most
optimal technical option.

Methods

This study is based on archival clinical data from breast
cancer patients who underwent whole-breast radiotherapy
using the adaptive 3D-CRT technique. Data were collected
from 30 patients who underwent early thoracic surgery (NO)
without supraclavicular or axillary lymph nodes
involvement, primary pneumonia or pericarditis. In this
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study, CT images of left breast cancer patients available in
the treatment planning system were used to calculate the
distribution of different doses in fractionated treatment
regimens. After CT image acquisition and transmission, the
target breast volume receives 95% of the prescribed dose and
the organs at risk (left lung, heart) are profiled with the help
of a physicist, and oncologist, followed by radiation therapy
according to the RTOG criteria. The patient was treated with
the conventional regimen of 50 Gy in 25 sessions (A1) and
3 dose-reduction regimens including a total dose of 41.6 Gy
(A2) and 39 Gy in 13 fractions (A3) and a total dose of 40
Gy in 15 fractions (B2). For this purpose, two opposing
tangential fields with a photon energy of 6 MV were used.
After extracting the dose volume histogram and required
parameters, the appropriate index, the irradiation
homogeneity index, the average dose and the maximum dose
are calculated. For the left lung, V5Gy, V10Gy, V13Gy,
V20Gy, V30Gy as well as mean and maximum doses were
tested. For the heart, V25Gy, V30Gy, V33Gy, V38Gy,
V43Gy were analyzed. Statistical analysis and comparison
of all dosimetric metrics between treatment regimens were
performed using Graph Pad Prism 8 software. Initially, the
ANOVA testing was used for variables with a normal
distribution and the Kruskal-Wallis test in the case of a non-
normal distribution. Significant differences between the
groups (p <0.05) were taken into account.

Results

The results of the dosimetric indices obtained from
comparing the conventional dose ranges with the 3
hypofractionated treatment regimens are presented below.
The mean and maximum absorbed doses to the left breast
(PTV), heart, and lungs are shown in Figure 1. The mean and
maximum absorbed doses to the left breast (PTV) and high-
risk organs the heart and lung were significantly higher than
the conventional radiotherapy compared to the 3
hypofractionated regimens.
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Figure 1. Mean and maximum absorbed dose for left breast (PTV), heart and lung for common dose interference method and 3 hypofractionated

regimens.
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The data in Table 2 show that the mean and maximum
dose as well as the homogeneity index, compliance,
V107% and V95% were tested and compared for
conventional dose interference and reduced fractionation.
This shows that there is no significant difference between
the 3 dose-reduced regimens compared to the conventional
dose combination regimen.

The mean percent cardiac volume values that received
the 25, 30, 33, 38, and 43Gy doses of the four treatment
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regimens and compared are listed in Table 3. In addition, the
mean and minimum doses received by the four treatment
regimens were compared.

For the left lung, the parameters V5Gy, V10Gy,
V13Gy, V20Gy and V30Gy (percentage of mean lung
volume at 5, 10, 13, 20 and 30 Gy respectively) are given
for the four treatment regimens and compared in Table 4.
This table also compares, the average and maximum
doses received by the lungs.

Table 2. The average value of dosimetric indices in breast tissue and their comparison for four different treatment regimens

Dosimetry index Al A2 A3 B2 Pae
Drean (GY) 51.6+1.4 43+1.2 40.3+1.1 41.3+1.1 -
Dimax (GY) 58.4+2.1 48.6+1.62 45.6+1.5 46.81.6 -
HI 0.3+0.1 0.3+0.095 0.3+0.095 0.3+0.098 P >0.9999
Cl 0.9+£0.3 0.94+0.29 0.9+0.28 0.9+0.26 0.997
V95% 92.7+2.7 92.7+2.7 92.7+2.9 92.9+2.9 0.9970
V107% 29.3+21.8 29.3+21.8 29.3+21.9 29.3+21.8 P >0.9999
Table 3. Dosimetry indicators for the heart for the conventional and hypofractionation regimens and the comparison results between different regimens
Heart parameters Al A2 A3 B2 Pae
Dinean 4.99 + 1.57 4134133 3.89 £1.23 3.99 £ 1.26 -
Dl &2 51.4 + 3.9 42.78 £ 3.32 40.08 £ 3.11 4119+ 3.31 -
Vs 519+ 2.89 462+ 271 4.37 + 2.63 4.45 + 2.68 0.6487
Vao 452 + 2.60 3.94 4+ 2.38 3.84+ 2.39 373+ 244 0.2585
Vis 419+ 2.60 3.19+224 342+ 231 3.06 +£2.17 0.2597
Vig 3.71+ 2.39 2.13+1.80 2.60 + 1.96 1.74 + 1.66 0.0019
Vi3 3.03+ 2.15 0.10 £+ 0.47 0.48 + 0.96 0.00 + 0.02 <0.0001

Table 4. Lung dosimetry indices for the conventional and hypofractionation

regimens and the comparison results between different regimens

Lung parameters Al A2 A3 B2 -

Dinean © 11.22 +3.20 9.28 +2.63 8.69 +2.46 8.91 +2.53 -

Dinax 54.1 +2.06 4498 +1.73 42.184+1.62 43.22 +1.66 -
Vs 35.20 + 8.22 3121+ 7.74 30.09 + 7.67 30.87 + 8.10 0.0644
V1o 2466 + 7.26 22.86 + 6.85 22.35+ 6.78 22.88 + 7.17 0.6009
Vs 22.46 + 6.98 20.98 + 6.60 20.53 + 6.54 21.02 £+ 6.90 0.7086
Do 19.60 + 6.55 18.30 + 6.24 17.84 + 6.19 18.34 + 6.55 0.7398
Vs 16.84 + 6.12 15.07 + 5.82 14.30 + 5.69 15.02 + 6.12 0.3993

Conclusion

The reduced-dose regimen with fewer treatment sessions
and a 2Gy a higher dose per fraction compared with
conventional fractionation leads to a lower dosimetry index
for the organs at risk. In addition, according to the dosimetry
data obtained, the reduced-dose treatment regimen not only
leads to a reduction in treatment time compared to
conventional treatment, in radiotherapy of the left breast, but
also reduces the dosimetry parameters moderate and damage
the lungs and heart.
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