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Abstract

Purpose: The study is aimed to establish the dosimetric characteristics of
field-in-field (FiF) technique for carcinoma of breast treatment in Nepal. We
assumed that FIF technique may result in improved dose distribution and
reduced acute toxicity in these patients. Methods: Forty breast cancer pa-
tients participated in this study. A total dose of 50 Gy in 25 fractions was pre-
scribed to the planning target volume. FiF plan was generated in treatment
planning system. Dose volume histograms were evaluated for PTV and or-
gans at risks. Several parameters were analyzed for the PTVs and organ at
risks (OARs) together with the Conformity index (CI), and the Homogeneity
index (HI). Results: The dose coverage of breast volume was achieved. The
Vs, (volume of 95%) of PTV covered Dssy, (Dose of 95%). The PTV dose was
covered to 49.98 + 0.9 Gy and 49.81 + 1.1 Gy for the left and right breast, re-
spectively. The mean lung dose was 14.87 £+ 0.91 Gy. The homogeneity index
(0.26 £ 0.17 and 0.22 + 0.13) and conformity index (1.59 + 0.75 and 1.36 +
0.45) were analyzed for left and right breast, respectively. Conclusion: The
study supports the viability of FiF technique in the treatment of breast cancer
in Nepal. The FIF technique enables better dose distribution in the PTV and
reduces dose to OARs. The FiF technique provides dosimetric advantages and
requires less planning time.
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1. Introduction

Breast cancer represents the most common cancer in women worldwide [1],
constituting 24.2% of all malignancies, according to GLOBOCAN statistics [2].
The management of breast cancer is based on tumor and patient characteristics.
It involves a multimodality approach and includes a combination of surgery,
with or without radiation therapy or systemic therapy. The most common type
of radiation used to treat breast cancer is external beam radiation therapy. Radi-
otherapy has an essential role in the management of breast cancer. The aim is to
deliver homogeneous maximum dose to the planning target volume and a min-
imum dose to surrounding normal tissue.

In the last few decades, the treatment plan has been simply provided by a
two-dimensional (2-D) image. With 2-D treatment, it is difficult to reach dose
homogeneity because of the concave shape of the breast. The progress and de-
velopments in medical imaging, treatment planning system (TPS), and dosimetric
devices have allowed achieving homogeneous dose distribution to PTV. In devel-
oping countries such as Nepal, three-dimensional conformal radiotherapy and
Field-in-Field (FiF) are common radiotherapy technique to treat breast cancer.

Two opposite tangential beams are used in 3D radiation treatment in most
cases. Physical, dynamic, and virtual wedges and compensators are commonly
used in the conformal technique. The FIF technique uses several less-weighted
fields with a small field size to optimize dose distribution. Several studies [3] [4],
[5] have revealed that the FIF technique leads to a more satisfactory dose distri-
bution in post-surgical radiotherapy of breast cancer, as compared to the con-
formal technique. An ideal plan is one in which the total planning target volume
(PTV) is between the dose level of 95% and 107% dose levels relative to the 100%
prescription dose (ICRU 50). The main trouble with tangential field breast ir-
radiation lies in the achievement of homogeneous dose distribution inside the
planning target volume.

The CT scanning and the accessibility of a three-dimensional treatment plan-
ning system have improved the delivery of radiation to the breast and peripheral
lymphatic system efficiently [6]. With the convenience of a CT-scanner, most ra-
diothreapy centers are gradually shifting toward a CT-based treatment planning
system. CT-based 3D treatment planning allows the physicist and physician to
evaluate the dosimetry across the PTV. Therefore, the plan could be optimized to
limit the lung dose and other critical organ volumes with selective blocking. The
hot spots could be minimized by using a higher energy and a smaller wedge angle.

This study focused on left and right breast treatment performed in order to
evaluate the dose distribution using the FiF radiotherapy technique and correlate

the normal tissue toxicity.

2. Material and Methods

Patient selection:
The study was carried out at the Radiation Oncology Department, Bhaktapur
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Cancer Hospital (BCH) Bhaktapur from August 2020 to January 2021 on 20 left
side and 20 right side breast cancer patients. The patients eligible for the study
and sociodemographic are described in Table 1. The patients were categorized
into three groups according to the thickness of their chest wall, as follows, small
(=500 cc), medium (500 - 800 cc) and large (=800 cc). All the patients were se-
lected between 30 - 60 years old. Re-irradiation and pregnant patients have not
been involved in the study.

Simulator:

All patients were scanned by computed tomography (CT) simulation (Sie-
mens Somatom Definition Flash, Germany). The patient was positioned on the
breast board in supine position with both hands raised above the head. The CT
image data was acquired from the mandible to the 4™ lumbar vertebra, with slice
thickness of 3 mm during normal breathing. The CT images were then trans-
ferred to the Eclipse (v15.6, Varian Medical Systems, Palo Alto, CA) Treatment
Planning System (TPS).

Linear accelerator:

We used to treat our patients with a Cobalt-60 machine before installation of
linear accelerator. A Varian linear accelerator (Varian Medical Systems, Palo
Alto, CA) with TPS installed in 2019. The Clinic iX linear accelerator equipped
with a 120 Millennium MLC, was used for treatment. The width of MLC was 0.5
mm at the isocenter.

Treatment planning:

The clinical tumor volume (CTV), PTV, and organs at risk such as contrala-
teral breast, lungs, and heart on CT images were contoured by the radiation on-
cologist. The dose limits the organs at risk was defined according to our clinical
protocol. The prescribed dose was 50.0 Gy in 25 fractions for all patients. Two
opposing tangential beams were created, with the use of beam’s-eye-view projec-
tions. The gantry angles were adjusted and shielding OAR was applied with the
use of a multileaf collimator (MLC). The 2 cm leaf margin was added to the skin
side. Photon beams of either 6 or 15 MV were selected depending on the separa-

tion of fields. The main field was reproduced as the subfield and the multileaf

Table 1. Summary of sociodemographic and patient’ data for breast treatment by FiF
technique in Radiation Oncology Department, BCH Bhaktapur.

Breast size

Number of patients
Small (<500 cc)

Average volume Average volume Region of

Ltbreast Rt breast Lt breast
Lt breast Rt breast country breast
12 11 375.4 + 80.2 379.1 £ 79.6 5 4
Number Eastern
of Medium (500 - 800 cc)
patients 3 8 544.5 + 27.6 629.1 + 83.5 12 14
Central
Large (2800 cc)
5 1 1061.4 + 170.6 862.0 Western 3 6
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collimators (MLCs) were manipulated to shield the region of the breast receiving
the hot spot. The beam weight of the subfield was 3% of the main field. The
minimum monitor unit (MU) of each subfield was 8. The FiF plan was generat-
ed in Eclipse TPS. The beams were used in the most optimal way for each patient
to produce the best coverage of the PTV together with the minimum dose to the
organs at risk.

Dosimetric evaluation:

A DVH was created for the CTV, PTV and the organs at risk (OARs) for each
patient. The Dosy, Dosy, D2y and D, were analyzed for PTV. The Dosy is the
minimum dose received by 95% of PTV. The Treatment plan was evaluated by
analyzing the conformity index (CI) and the homogeneity index (HI) as defined
according to ICRU 83 report. HI is the fraction of the dose difference of 2% and
98% to the PTV to the dose of 50% (HI = (Dyy% — Doss)/Dso%). The value of HI
zero indicates that the dose distribution is almost homogeneous. CI is the ration
of treated volume (TV) to PTV (CI = TV prescribed/ PT Vyolume). The parameters V20
and mean dose were analyzed for lung and Day (Dose to 2% volume) for heart
dose.

Patient specific treatment was performed on a Varian EPID (Electronic Portal
Imaging Devices). The gamma parameters were evaluated as a difference be-
tween the calculated and the measured dose distributions [7]. SPSS 21 was used
for data analysis. The FiF plan parameters were tested for statistical significance

using the t-test. The p-values < 0.05 were considered as significant.

3. Results

The PTV volume of left and right breast treatments has been shown in Figure 1.
The average PTVs were 572.4 + 326.6 cc and 503.2 + 167.5 cc for left and right
breast respectively. The majority of the patients underwent mastectomy.

Figure 2 showed the left breast treatment planning in transverse, frontal and

1600
M Lt breast

1400 W Rt breast
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80

60
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ST
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o o o o
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Figure 1. Shows the PTV volume of left and right breast treatments. The PTV volume
was calculated by TPS in three dimensions.
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Figure 2. Shows the dose distribution for the left breast in transverse, frontal and sagittal views and dose volume histogram

(DVH) presentation. Heart, Lungs are delineated as organ at risks.

sagittal views and DVH presentation. We were able to achieve good dose cover-
age. The Vsy (volume of 95%) of PTV covered Dosy, (Dose of 95%). Our results
revealed that the mean PTV dose was covered to 49.98 + 0.9 Gy and 49.81 + 1.1
Gy for the left and right breast respectively.

Table 2 summarizes the dosimetry outcome of PTV and OAR dose. The ho-
mogeneity and the conformity index were better in the right breast compared to
the left breast because of breast volume. The D,y of the heart was 4.5 + 0.89 Gy
for the left breast. The mean dose of total lung was 14.23 £ 3.4 Gy. The OAR
dose was followed according as the protocol.

According to QUANTEC, 2010 guidelines, V25 (volume of the target sub-
jected to 25 Gy) should be less than 10% and V30 should be less than 46% to avoid
cardiac complications. In the entire group of patients treated by the 3D-CRT tech-
nique, the V25 and V30 were both <5% of the volume whether they had mas-

tectomy or lumpectomy.

4. Discussion

Breast cancer treatment planning has progressed from the conventional tangen-
tial technique which was performed with the Cobalt-60 machine with the
half-blocked breast cone to avoid divergence of the beam to the lung. Asymmetric
jaws were used in the linear accelerator to avoid beam divergence to the lung. In

developing countries like Nepal, patients come to hospital for treatments in
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Table 2. Dose volume constraints for PTV and organs at risk. Standard deviation is indi-
cated as a statistical error uncertainty.

Structures Type Volume (%) Dose (cGy) p-value
PTV left breast Dose 47.8+0.8 0.36
Target Dimax 55.9 £ 0.57 0.42
Daw 53.2 %045 0.51
PTV right breast Dose 47.6 £ 0.6 0.23
Target Dimax 55.1+0.55 0.46
Daw 53.7£0.61 0.40
Lung OAR
V20 27.3 £5.5% 20
Left breast 14.23 £3.4 0.13
Mean
Right breast 14.87 £ 0.91 0.04
Heart OAR
Left breast 4.5+0.89 0.62
D2%
Right breast 0.9+0.21 0.01
HI Left breast Right breast -
0.26 + 0.17 0.22 £ 0.13 0.03
CI Left breast Right breast -
1.59 £ 0.75 1.36 + 0.45 0.06

advanced stages of disease. It is not possible to have breast conserving surgery in
the majority of patients. Therefore, mastectomy is mostly the choice of treat-
ment. The geometric difference between the target volume of the chest wall and
the whole breast is large and it has impact on the resulting dose distribution.

Smith et al. [8] studied tangential IMRT plans with 2D plans for the adjuvant
radiotherapy of the whole breast with early breast cancer. They reported that the
IMRT plans showed a significant improvement of the PTV, HI, heart and whole
lung, compared to the conventional technique. Baycan et al [9] compared FIF
and 3D conformal of the left breast patients. They found significantly lower
monitor unit (MU), pulmonary and aorta dose. Our study revealed the similar
outcomes.

Moorthy et al [10] investigated the dosimetric features of IMRT in compari-
son with 3D-CRT for chest wall. There was an improvement in the conformity
and homogeneity index.

Freedman et al [11] stated that IMRT drops acute skin toxicity for women
receiving radiation for breast cancer.

Borges C. et al [12] examined comparatively different breast planning tech-
niques and algorithms for radiation therapy treatment. Their results indicated a
larger volume of OAR receiving a low dose when beams were set other than ac-

cording to the tangential technique. Yavas [3] confirmed that the FIF technique
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lowered the maximum dose of the PTV, while delivering better dose distribution.

Hidekezu Tanaka [13] reported that the alternative subfield method (ASM)
allows better dose distribution than a single pair of subfield method and to mul-
tiple pairs of subfield method (MSM) regardless of the breast size. Sasaoka and
Futami [14] performed the dosimetric evaluation of whole breast radiotherapy
using the FiF technique. They declared that the FiF technique reduced hot spots
in PTV. We obtained similar results in our study.

Emami [15] studied the tolerance of normal tissue to therapeutic radiation
and found out that symptomatic radiation pneumonia is one of the most com-
mon toxicities of breast cancer patients treated by radiotherapy. Darby SC [16]
analyzed the risk of ischemic heart disease in women after radiotherapy for breast
cancer. They concluded that the overall average of the mean doses to the whole
heart was 4.9 Gy (for the range, from 0.03 to 27.72). There was a linear 7.4% per
gray increase in major coronary events with no threshold. In our study, the mean
dose was less than 5 Gy. Many studies [17] [18] have verified that IMRT plans
scored better as compared to VMAT plans regarding mean the heart dose,
low-dose parameter V5Gy, high-dose parameter V25Gy, and LAD dose.

Taylor C. [19], Hall E.J. 2006 [20] studied the risk of radiation induced second
cancers. They concluded that the risk of radiation-induced secondary malignan-
cies depends on the number of MUs, radiation scattered from the treatment vo-
lume etc. In our present study, MU is smaller as compared to that of IMRT plan.
The combination of different techniques (Ze. hybrid) has been shown to exhibit
advantages over conventional, IMRT, FIF, VMAT in minimizing the cardiac and
the ipsilateral lung doses [21]. Our future research will focus on the hybrid tech-

nique for treatment of breast cancer.

5. Conclusion

The present study confirmed that the use of the FIF radiotherapy technique for
breast treatment leads to homogeneous dose distribution in the planning target
volume. The FiF technique provides dosimetric advantages and requires less
planning time. Additionally, the implementation of this technique in the radio-
therapy department is straight forward resulting in an overall dropping dose for
OAR. However, our study has some limitations including small sample size and

the lack of assessment of clinical parameters especially of OAR complications.
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