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Purpose: The local management approach for node-positive breast cancer has undergone substantial evolution. Consequently, there exists
a pressing need to enhance our treatment strategies by placing greater emphasis on planning and dosimetric factors, given the availability of
more conformal techniques and delineation criteria, achieving optimal goals of radiotherapy treatment. The primary aim of this article is to
discuss how the extent of regional nodal coverage influences the choice between IMRT and 3D radiation therapy for patients.

Patients and Methods: A total of 15 patients diagnosed with left breast cancer with disease involved lymph nodes were included in
this study. Delivering the recommended dose required the use of a linear accelerator (LINAC) with photon beams energy of 6 mega
voltage (6MV). Each patient had full breast radiation using two planning procedures: intensity-modulated radiotherapy (IMRT) and
three-dimensional radiotherapy (3D conformal). Following the guidelines set forth by the Radiation Therapy Oncology Group
(RTOG), the planned treatment coverage was carefully designed to fall between 95% and 107% of the recommended dose.
Additionally, Dose Volume Histograms (DVHs) were generated the dose distribution within these anatomical contours.

Results and Conclusion: The DVH parameters were subjected to a comparative analysis, focusing on the doses absorbed by both
Organs at Risk (OARs) and the Planning Target Volume (PTV). The findings suggest that low doses in IMRT plan might raise the risk
of adverse oncological outcomes or potentially result in an increased incidence of subsequent malignancies. Consequently, the
adoption of inverse IMRT remains limited, and the decision to opt for this therapy should be reserved for situations where it is
genuinely necessary to uphold a satisfactory quality of life. Additionally, this approach helps in reducing the likelihood of developing
thyroid problems and mitigates the risk of injuries to the supraclavicular area and the proximal head of the humerus bone.
Keywords: radiotherapy, LINAC, RTOG, breast cancer, photon exposure and secondary cancer risk

Introduction

Breast cancer is the leading cause of death in women worldwide. It accounts for 15.3% of global cancer cases and leads to 7%

of cancer-related fatalities. In Egypt, breast cancer is the most commonly diagnosed malignancy among females. In the year

2020, the recorded incidence rate reached 32.4%, resulting in 22,038 newly reported cases and 9148 documented fatalities.'
A significant proportion of cancer patients in developing nations presents with advanced disease due to an array of

factors, including insufficient public awareness and limited accessibility to healthcare facilities, resulting in delayed

diagnoses.*
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In contrast to less economically developed nations, survival rates for breast cancer have shown improvement in
industrialized countries over the last two decades. This progress has resulted in a greater number of women experiencing
successful therapeutic outcomes. The majority of women diagnosed with early-stage breast cancer typically undergo
surgical excision, often accompanied by adjuvant treatments to minimize the likelihood of disease recurrence. These
adjuvant treatment options include the use of radiotherapy, hormonal therapy, chemotherapy and targeted treatments.’
Radiotherapy stands as a critical method of treating tumors through the transmission of ionizing radiation energy into the
tissues it passes through.

Radiation therapy is a frequently utilized tool in the management of breast cancer at almost every stage.

Whether in the adjuvant setting to reduce the risk of recurrence in patients with involved lymph nodes or sizable
tumors, or in advanced stages to alleviate symptoms caused by distant metastasis.” "*

Radiation therapy has made substantial progress in recent years, advancing from simple 2-dimensional radiotherapy
to more sophisticated 3-dimensional conformal radiotherapy (3DCRT).'> While 2-dimensional radiation therapy with
x-ray planning has yielded impressive outcomes, it falls short in certain aspects. Specifically, it lacks the capability to
accumulate detailed dose-volume histogram (DVH) data and to accurately illustrate intricate structures of critical organs,
such as the left anterior descending artery (LAD) and the chambers of the heart. Furthermore, achieving improved
homogeneity through more advanced compensation techniques is not attainable. In many anatomical regions, such as the
head and neck, central prostate, lungs, and the nervous system, 3DCRT has been found to be inferior to intensity-
modulated radiation therapy (IMRT).'®

The objective of IMRT is to deliver the highest feasible dose to the intended target while minimizing radiation
exposure to critical organs. This is achieved through the modulation of intensity, by breaking the single radiation beam
into minute beamlets using multi-leaf collimators.

During adjuvant breast radiotherapy, radiation oncologists express concern regarding the exposure of the lungs or the
heart to radiation, especially considering that certain chemotherapeutic and targeted agents utilized in breast cancer
management, such as Anthracyclines or HER2 targeted agents, can induce cardiotoxicity. IMRT represents an advanced
form of high-precision radiotherapy. It precisely delivers radiation doses to a malignant tumor or specific regions within
the tumor. IMRT achieves this by finely modulating or controlling the intensity of the radiation beam across numerous
small volumes. This technique enables a more precise conformation of the radiation dose to match the three-dimensional
(3-D) shape of the tumor. Additionally, IMRT facilitates the concentration of higher radiation doses on the tumor while
concurrently minimizing the dose exposure to adjacent critical normal structures.'’

Utilizing IMRT, radiation dose can be customized to precisely align with the geometric attributes of the breast tumor.
However, with IMRT there is a concern regarding the potential for an increased risk of second cancers in individuals who
survive over the long term. This heightened risk arises from IMRT’s ability to elevate the cumulative dose delivered to
normal, healthy tissue. Based on the results of several randomized clinical trials, hypo-fractionated whole-breast
irradiation using 3DCRT has become the standard of care following breast conservative surgeries, after successfully
demonstrating equivalent impact on disease control and toxicity compared to conventional fractionation, with the added
advantage of shortened treatment duration. This study aims to conduct a comparative analysis of dosimetric variations
between 3DCRT and IMRT in the treatment of left-sided breast cancer patients with disease involved lymph nodes. The
primary objective is to identify which modality provides the highest dose to the target volume while minimizing radiation
exposure to organs at risk (OARs).'® !

Women diagnosed with node-positive disease have a reduced risk of loco-regional recurrence (LRR) and breast
cancer-related mortality when subjected to post-mastectomy radiation therapy (PMRT). This approach has now estab-
lished itself as the standard of care, particularly for women presenting with four or more positive lymph nodes.

Women with higher risk LRR are expected to derive significant advantages from PMRT, as the survival benefits could
be directly related to the reduction in LRR. Nevertheless, uncertainties persist regarding the utilization of PMRT in
lower-risk groups. This includes individuals with up to three positive lymph nodes and those diagnosed with node-

negative conditions, where the appropriate utilization of PMRT remains a topic of discussion.?>°
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Patients and Methodology

Patients
Between January 1st, 2020, and March 30th, 2022, a total of 15 female patients were enrolled from the Alexandria center
of radiotherapy (Armed Forces Medical Complex’s oncology center). These patients had been diagnosed with histo-
pathologically confirmed breast cancer and their ages ranged from 21 to 65. The study’s protocol had obtained approval
from Alexandria University, and all the procedures undertaken adhered to the guidelines set forth in the 1983 revision of
the 1975 Helsinki Declaration.

(Approval of the Research Ethics Committee of the Medical Research Institute (Ethics code: IORG0008812))

Methodology

A multidisciplinary team comprises various medical specialists, such as medical physicists, oncologists, technologists,
and therapists. Each of these professionals plays a vital role in the radiation process, which unfolds through significant
steps as outlined below:

Step I: Scanning and Simulation of Patients in the CT Room

The collaboration between the physicist and technician becomes evident in this stage, involving the preparation and
establishment of patient positioning. This is accomplished by utilizing a breast board designed for immobilization. Each
patient is positioned in a supine stance, secured to the treatment couch. The patient’s arms are externally rotated,
abducted, and extended over her head, resting on arm supports.

We noticed that post-surgery, raising the arm above the head and maintaining that position can be difficult and
uncomfortable To address this, the patient’s left arm was positioned at a 90-degree angle, with the hand resting on the
handle of the arm support. Additionally, a head support was placed under the patient’s head to enhance both safety and
comfort during the treatment sessions. The patient’s head was positioned in a manner so that it faced the opposite breast.

From the patient’s mandibular border (mid-neck) to their sternal border (lower chest), encompassing the upper abdomen
above the diaphragm, slices were taken. Wires were used to mark surgical scars, breast boundaries and lead markers (2mm
lead balls). Since ensuring consistent positioning for each treatment is crucial; durable ink markings are applied to the patient’s
skin, representing a reference position adjusted using laser-assisted Astor Red alignment. Typically, three-minute ink dots are
created through pinpoint ink application, as illustrated in Figure 1. For position assessment, a screening view was captured.
During this procedure, patients underwent a non-contrast computerized tomography (CT) scan using a Siemens (SOMATOM
scope).”! CT simulator, with the images acquired at 3 mm intervals. The images obtained from the CT scanner are transferred
to the treatment planning system (TPS) via software (Syngo Multi-Modality, The workplace VE52A, the AG Siemens,
Germany).** Subsequently, these images are imported into the contouring workstation through the local area network system
called Digital Imaging and Communications in Medicine (DICOM).

The planning target volume (PTV) and the vital volumes of structures at risk (OARs) are acquired and contoured in
accordance with the recommendations of the American Society for Radiation Oncology (ASTRO) and/or the Radiation
Therapy Oncology Group (RTOG).

Step 2: Contouring and Designing Plans in the Planning Room

The heart, the left side of lungs, the spinal cord, head of the humerus bone, head of the clavicle, thyroid gland, and right
breast were the organs at risk (OARs) with critical volumes. The Radiation Therapy Oncology Group (RTOG) was used
to obtain and contour the planning target volume (PTV) breast cancer atlas recommendations.>® The complete left breast
and the supraclavicular nodes were incorporated into the clinical target volume (CTV). Radiation oncology was
performed at the Monaco contouring workstation (Elekta company, Inc., the state of Maryland Heights, the United
States of America to define the tumor and additional organs that were at risk on the CT image slices and create the PTV
(outlining the contour of the body to the designated target volume to correct for treatment setting up variations and the
internal organs movement but not exceeding the external body contour). This PTV took into account the clinical target
volume (CTV) in addition to a margin of 0.5-1.0 cm avoidance with a 0.3 cm protection area around the skin.**
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Three Localizers
for adjustment

Figure | Position of the Markers. The blue arrows represent the three localizers for adjustment.

By using the HD Versa Medical Linear accelerator (LINAC) with a 150-millennium multi-leaf collimator (MLC) and
a 6-MV beam, the patients received treatment using the 3DCRT or IMRT procedures with a dose of 50 Gy administered
in 25 fractions at a rate of 2 Gy each, administered once day for five days a week.

For calculation in 3D-Conformal RT, the collapsed cone technique has been used.**° A small part of the lung and the
whole breast were included in the irradiated volume when the dose was administered using the two opposed tangential
beams technique.

And the nodal area underwent radiation via a direct field anterior-posterior (AP) with a gantry tilted up to 15° to
spare the spinal cord and esophagus. In order to prevent junction area overdosing, consideration had been given to how
geometrically the SCF field and the breast medial field matched each other.

To cover the wire contouring the breast using two tangential fields applied with the weighted small segments tech-
nique (Field in Field) with the MLCs in order to decrease the hot spots and the maximal dose, three fields were created
using a mono-isocenter point, as shown in Figure 2a and b. Tools to improve dosage coverage include plan normal-
ization and equilibrium between field’s weightings. The junction (the same point between the ending of the SCF field and
the beginning of tangential fields) between the two tangential fields (medial and lateral) and third direct field AP and the
coverage were be appeared after calculation process as shown in Figure 3a and b.

The heart was taken into account using the beam’s eye views, and all MLCs were set up to shield a portion of the
lung, preserving both organs at the lowest dose possible.

In IMRT, the total PTV was irradiated using the center of the PTV as the sum of two radiation prescriptions, namely
the supraclavicular area and the whole breast area, using IMRT 6 MV and only 5 fields (dynamic multi-leaf DMLC)
using The Monte Carlo Algorithm.>’>° Static with tangential field setup, allowed field arrangement to minimize the
exposure to OARs, with 5 fields with different angles of the gantry according to the Digital Reconstructed Radiograph
(DRR), It was developed using a method known as inverse planned optimization, and the technique of Monte Carlo was
employed for computation using a 6 MV photons beams. The beam configuration or decision-making, as indicated in
Figure 4a and b, was made at the physicist’s choice for carrying out the optimal strategy. For each field in each plan,
a (DRR) was collected to confirm the patients’ position. Using cost-function constraints, the plans were optimized to
cover the entire PTV while preserving the organs that were at hazard such as the left lung, the heart, the thyroid gland,
the spinal cord, and the heads of clavicle bone and the humerus bone.

The cost functions choices were the target penalty, and maximum dose for the PTV, the cost functions were parallel
and serial for the heart and the left lung, and the cost functions were maximum dose, the conformality and quadratic
overdose for the patient skin, if we had higher doses than constraints of any organ of the OARs, we could add another
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Figure 3 In the case of 3D conformal; the coverage of the distribution of the three-field: (A) the Coverage of tangential beams; (B) the Junction between the SC beam and
tangential beams.

cost functions to these organs to achieve our goal which was the PTV coverage within range 95% - 107% and minimum
doses to the OARs.

The priority was assigned to the PTV and Organ at Risk (OAR), which was raised gradually as considered necessary
until an appropriate compromise between obtaining good coverage and avoiding OARs had been established.

The process of optimization was completed. The main goal was to limit the maximum dose below 107% and achieve
coverage for 95% of the PTV with the prescription dose, as shown in Figure 4c and d.
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Figure 4 In IMRT technique; (A) Beams Arrangement; (B) DMLC of lateral beam; (C) The Coverage of whole breast; (D) The Total PTV coverage.

Step 3: Choosing the Optimum Plan and Treatment of Patients in Treatment Room

Following a series of plan trials, the most optimal plan among the two techniques was selected, which exhibits improved
coverage of the Planning Target Volume (PTV) while ensuring robust protection of the Organs at Risk (OARs). Once
finalized, the plans are exported to the MOSAIQ software, preparing them for implementation on the HD Versa linear
accelerator.*’

Dosimetric Analysis

The following objectives were considered when evaluating the collected data using isodose distributions and dose
volume charts for each organ in 3DCRT technique and IMRT technique from each plan: The PTV receives the minimal
dose coverage of ninety- five percentage of prescribed dose and the maximal dose of 107% of that dose. Each plan’s
normalization adhered to the ICRU recommendation indicated in Report No. 50. To normalize the data, it was set at
100% using the ICRU point. The determined organs at risk (OAR) and PTV parameters are shown in Table 1 through 5
and Figure 5a—f through 10 a —c. According to RTOG, the organs that are most at risk when radiation is applied to the left
breast in order to treat breast cancer include the left side of lungs, the heart, the contralateral breast, and the spinal cord in
the lower cervical and dorsal region. The thyroid gland, the head of humerus bone, and the clavicular head bone were
among the additional organs at risk that were taken into account in the present study, as shown in Figure 6a, b and
Figure 7. Table 1 shows the data collected in this practical work for the PTV of all patients, including the D-min, D-max,
D-mean, V95%, V107%, and the global max. Table 2 through 5, on the other hand, show the information gathered for
several parameters for the organs at risk that were taken into consideration in this work.

In the current study, Data were fed to the computer and analyzed; Statistical analysis of data was carried out using
IBM SPSS Version 22 software package.*' The normal or non-normal distribution was examined before running any
statistical test to compare the PTV or organs at risk. The Paired #-test was used for normal distribution and Wilcoxon
z-test for non-normal distribution. The Kolmogorov—Smirnov (K.S) test verified distribution normality. Range, mean,
standard deviation, median, and interquartile range (IQR) were used to characterize quantitative data. Results were
considered significant at 5%.
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Table | Different Values of Doses Delivered to the (PTV) and Some Percentages of Coverage Volumes

Parameter Data Analysis 3D IMRT Test of sig. P Sig.

Min Dose(cGy) Mean+ SD 21433 + 1267.7 26824 + 1178.6 t=—1.515 0.049* S

Median (IQR, Range) | 1965.7 (2078.1,3801.6) | 2907.0 (2081.6, 3407.1)

Max Dose(cGy) Mean+ SD 5429.1+ 70.5 5481.8+ 56.2 t=—2.197 0.045* S

Median (IQR, Range) | 5446.4 (139.9,2139) | 5481.0 (70.5, 198.60)

Mean Meant SD 5053.8+ 50.3 5065.4+11.3 z=-0.604 0.556 NS

Dose(<Gy) Median (IQR, Range) 5034.5 (66.1, 171.1) 5072.3 (44.1, 168)

V95(%) Meant SD 96.2% 1.7 979+ 1.7 t=—3.137 0.007* S
Median (IQR, Range) 96.6 (1.9, 5.9) 98.7 (3.2, 4.9)

V107(%) Meanx SD 1.5+26 0927 t= 0.657 0.145 NS
Median (IQR, Range) 0.2 (1.6, 8.8) 0.2 (0.2, 10.7)

Global max(%) Mean+ SD 108.4+ 1.1 109.3% 1.1 t=—2.168 0.04* S
Median (IQR, Range) 108.5 (2.7, 3.2) 109.4 (1.5, 3.9)

Notes: t: Paired t- test in case of normal distribution, Z: Wilcoxon test in case of non-normal distribution, Mean dose: 50% of the volume receives the dose, V95:
volume covered with 95% of 50 Gy, S: Significant, NS: Not significant, p: p value for comparing between 3D and IMRT and *: Statistically significant at p < 0.05.
Abbreviations: IQR, Inter quartile range; SD, Standard deviation.

Discussion
The core objectives of radiation therapy include delivering the prescribed dose to the target volume as uniformly as

possible, while also striving to limit or minimize any impact on the adjacent healthy tissues. Medical imaging has
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Figure 5 (A-F) Comparison between the different doses and different volumes in the two techniques for PTV (SC nodes plus whole breast). (A) Minimum dose of PTV. (B) Maximum
dose of PTV. (C) Mean dose of PTV. (D) Volume of PTV covered by 95% of prescribed dose. (E) Volume of PTV covered by 107% of prescribed dose. (F) Global max of PTV.
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Figure 6 Three-dimensional and coronal comparison between two techniques: (A) In case of 3D conformal technique; (B) In case of IMRT technique.
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Figure 7 DVH comparison between two techniques in one case.

advanced in recent decades, coupled with remarkable progress in dosimetry software, have enabled the visualization of
dosage distribution patterns around target volumes. This has played a pivotal role in attaining the fundamental objectives
of radiation therapy.

Consequently, obtaining diverse treatment plans for a single patient became both swift and uncomplicated. The
incorporation of additional parameters facilitated informed decision-making, enhancing the likelihood of selecting

optimal planning strategies.*** Key features such as maximum dose (D-max), minimum dose (D-min), and mean
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Table 2 Different Values of Doses Delivered to the Ipsilateral Lung & Different Percentage of Volumes of Lt Lung

Parameter Data Analysis 3D IMRT Test of sig. P Sig.

Min Dose(cGy) Mean+ SD 110.0 +156.7 187.2 £ 42.8 z=—2.556 0.011* S
Median (IQR, Range) |  70.7(14.6, 627.0) 189.7(44.1, 143.1)

Max Dose(cGy) Mean+ SD 4860.7 * 249.5 4809.9 * 1974 t=0.628 0.540 NS
Median (IQR, Range) | 4949.7(203.0, 793.8) | 4754.6(201.1, 744.8)

Mean Dose(cGy) Mean+ SD 903.3 + 273.5 1282.2 + 130.3 t=—6.421 <0.000* HS
Median (IQR, Range) | 961.4 (379.1, 996.4) | 1255.9(211.4, 431.3)

V20Gy Mean+ SD 16.7 £ 6.1 184 + 43 z=—1.079 0.281 NS
Median (IQR, Range) 18.1(10.5, 19.5) 18.2(8.1, 14.2)

V80(%) Mean+ SD 526 + 3.1 48 53 z=-2.215 0.027* S
Median (IQR, Range) 5.2(4.2, I1.1) 2.7(5.9, 20.4)

V95 (%) Meant SD 04+08 02+04 z=—0.283 0.777 NS
Median (IQR, Range) 0.34(0.4, 3.5) 0.23(0.2, 1.6)

Notes: t: Paired t- test in case of normal distribution, Z: Wilcoxon test in case of non-normal distribution, Mean dose: 50% of the volume receives the dose, V20 Gy:
volume covered with 20Gy of 50 Gy V80%: volume covered with 80% of 50 Gy, V95%: volume covered with 95% of 50 Gy S: Significant, NS: Not significant, HS:
Highly significant, p: p value for comparing between 3D and IMRT and *: Statistically significant at p < 0.05.

Abbreviations: IQR, Inter quartile range; SD, Standard deviation.

dose (D-mean) applied to each Volume of Interest (VOI) were defined using isodose or cumulative dose-volume
histograms (DVHs) and differential curves, allowing for the examination of dose distribution within these plans.***¢

A substantial amount of data may be gathered using these histograms, curves and lines, and this data can then be
compared amongst the numerous treatment options used for each treatment case. Radiation dose constraints for the
target planning volume, the organs at risk associated with each tumor’s location, and any adjacent critical organs
that require minimal predetermined doses have been established by the Radiation Therapy Oncology Group
(RTOG).*"*°

In most cases, the imperative lies in opting for a strategy that ensures both comprehensive coverage of the tumor and
optimal protection of surrounding healthy tissues. The present study focused on 15 female breast cancer patients, for
whom two treatment plans were devised per patient for the sake of comparison. The initial plan employed a 3D approach,

while the alternative plan involved Intensity-Modulated Radiation Therapy (IMRT).

Doses That Were Received for SC Nodes Plus Left Breast (PTV)

Based on the data in the first table, the findings of this study indicated notable disparities between 3-DCRT and IMRT in
terms of D-min, D-max, V95%, and globe max values for corresponding Planning Target Volume (PTV) regions.
Notably, the D-min received by the left breast with positive nodes was higher with the IMRT approach compared to
the 3-DCRT technique. Similarly, the D-max exhibited a slightly higher value in the IMRT plan, although the difference
was modest. The two methodologies likewise show no significant difference in the case of the top limit of the required
dose, ie, V107%. The mean doses, which equate to 50% of the organ’s volume that receives the given dose, are not
significant. The hot spot refers to the behavior of the optimization process when a portion of the target region is blocked.
It is a significant characteristic that may be used to evaluate the validity of the proposed planning approach and to
compare other planning strategies. Whether a patient has a small or large tumor, the 3-D technique is favored because it
may be used to shrink hotspots to tolerable levels in 3-D.>°
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Doses That are Received by the Organ at Risk (OARs)

The two techniques in the current Organs at Risk investigation differ greatly from one another. Particularly when treating
left breast cancer, the left side of the lung and heart are the only identified organs at risk in most radiation planning
procedures. Tables 2—5 illustrate how we broadened this goal in our study to include the spinal cord, humeral head,
contralateral breast, the thyroid gland, and clavicular head bone in addition to these two organs.

Table 3 The Different Doses Delivered to the Spinal Cord

Parameter Data Analysis 3D IMRT Test of sig. P Sig.

Min Dose (cGy) Meant SD 41.7 £ 12.1 80.8 + 43.1 t=—4.694 <0.000* | HS
Median (IQR, Range) 39.8 76.0

Max Dose (cGy) Meant SD 646.3 £ 525.6 1118.6 + 662.9 z=—2.480 0.013%* S
Median (IQR, Range) | 576.1(510, 1972) | 809.4 (1274.6, 1991.6)

Mean Dose (cGy) Meant SD 101.9 £ 29.0 298.6 £ 103.0 t=—7.468 <0.000* | HS
Median (IQR, Range) | 97.6(31.3, 124) 308.0 (154.6, 389.5)

Notes: t: Paired t- test in case of normal distribution, Z: Wilcoxon test in case of non-normal distribution, Mean dose: 50% of the volume receives
the dose, S: Significant, HS: Highly significant, p: p value for comparing between 3D and IMRT and *: Statistically significant at p < 0.05.
Abbreviations: IQR, Inter quartile range; SD, Standard deviation.

Table 4 The Different Values of Doses Delivered to the Contralateral Breast

Parameter Data Analysis 3D IMRT Test of sig. P Sig.

Min Dose (cGy) Meant SD 199+ 115 21.0 £ 127 t=0.887 0.390 | NS
Median (IQR, Range) | 21.1 (14.5, 39.8) 229 (188, 42.2)

Max Dose (cGy) Meant SD 561.7+ 115.0 599.0 + 288.6 t=—0.868 0.400 | NS
Median (IQR, Range) | 550.9 (137, 469.5) | 569.3 (336, 1182.2)

Mean Dose (cGy) Meanz SD 782 % 168 98.5 + 324 t=—2.561 0.023* S
Median (IQR, Range) | 75.9 (24.0, 61.9) | 102.7 (23.4, 144.9)

Notes: t: Paired t- test in case of normal distribution, Mean dose: 50% of the volume receives the dose, S: Significant, NS: Not significant, p:
p value for comparing between 3D and IMRT and *: Statistically significant at p < 0.05.
Abbreviations: IQR, Inter quartile range; SD, Standard deviation.

Table 5 The Different Values of Doses Delivered to the Clavicle Head Bone

Parameter Data Analysis 3D IMRT Test of sig. P Sig.

Min Dose (cGy) Meanz SD 1451.8 + 85.7 1184 + 935 t=1.095 0.016* S
Median (IQR, Range) | 1204.5 (1100.1,291.2) | 139.9 (101.9, 298.1)

Max Dose (cGy) Meant SD 5095 +153.9 5104 + 123.0 t=—1.288 0.049* S
Median (IQR, Range) | 4940.5 (199.8, 377.5) | 4956.8 (165.2, 328.0)

Mean Dose (cGy) Meant SD 4503.1 £+ 198.8 1780.7 + 441.8 t=—1.122 0.034* S
Median (IQR, Range) | 348.2 (279.6, 759.6) | 556.8 (773.5, 1388.1)

Notes: t: Paired t- test in case of normal distribution, Mean dose: 50% of the volume receives the dose, S: Significant, p: p value for comparing
between 3D and IMRT and *Statistically significant at p < 0.05.
Abbreviations: IQR: Inter quartile range, SD: Standard deviation.
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The Ipsilateral Lung

Referring to Table 2, the findings of this study showed that, with the exception of V20% and D-max, respectively, the
3-D and IMRT differed significantly in D-min and V80% received by the corresponding volumes of the left lung and
a highly significant difference in the D-mean.”' >’ Volume enclosed by approximately 40% of the approved dose (20Gy)
is another parameter that is estimated to allow for more comparisons between the two techniques, but the V80% shows
that there is a significant difference between 3D and IMRT, which in the case of 3D is higher than IMRT.

The Heart

Figure 8a—f shows that, with the exception of D-max V80% and V95%, There is an extremely significant difference in
both of them in minimum doses and significant differences in D-mean and V20% of the prescribed dose (10Gy) received
by the two described procedures. This is because the heart is a key organ that is in danger.’®

Spinal Cord

There were noticeable disparities between the received radiation doses by the two approaches according to all assessed
parameters of the spinal cord, including D-min and D-mean doses. There were highly significant differences in D-max,
but in the case of IMRT, the values were higher than the other technique as represented in Table 3.5'62

Head of Humerus
Only significant variations between the two treatment modalities were seen in the radiation doses D-max and D-mean,

but no significant variations were seen in D-min, as shown in Figure 9a—c.

Right Breast

Only received, The D-mean revealed considerable variations in the radiation dose treatments, while the remaining

parameters revealed no appreciable variations between the two methods as represented in Table 4.%
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Figure 8 (A—F) Comparison between the different doses and different volumes in the two techniques for the Heart. (A) Minimum dose of Heart. (B) Maximum dose of
Heart. (C) Mean dose of Heart. (D) Volume of Heart covered by 10 Gy of prescribed dose. (E) Volume of Heart covered by 80% of prescribed dose. (F) Volume of Heart
covered by 95% of prescribed dose.
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Figure 9 (A—C) Comparison between the Minimum, Maximum and the Mean doses for Head of Humerus bone. (A) Minimum dose of Humerus. (B) Maximum dose of
Humerus. (C) Mean dose of Humerus.
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Figure 10 (A-C) Comparison between the Minimum, Maximum and the Mean doses for Thyroid gland. (A) Minimum dose of Thyroid gland. (B) Maximum dose of Thyroid
gland. (C) Mean dose of Thyroid gland.

Thyroid Gland
D-max and D-mean were significant, thus radiotherapy for breast cancer provided varied quantities of radiation to the

thyroid gland, while D-min was not, and IMRT gave lower values as shown in Figure 10a—c.%*%

Clavicular Head Bone
Although there was a highly significant difference in D-min, and IMRT displayed lower doses than in the case of 3DCRT,
the Clavicular head bone received considerably different radiation doses during irradiation for the treatment of breast

cancer based on the values of D-max and D-mean as represented in Table 5.°¢°%

Conclusion
The findings indicated that the IMRT plan’s out-of-field OAR dose increased when compared to 3D-CRT because
a larger volume was exposed to lower doses and the total number of MUs in IMRT was higher than in 3D-CRT. This
increased probability that a second primary cancer would be induced in out-of-field OAR in IMRT as opposed to 3D-
CRT, while the IMRT plan’s infield OAR doses were significantly lower than in 3D-conformal, which decreased the
probability of inducing a second primary cancer in out-of-field OAR in IMRT as compared to 3D-CRT.

There is an increasing concern in the potential dangers of second cancer induction for patients receiving curative
radiation therapy due to the increasing use of intensity modulated radiation therapy (IMRT) and an associated increase in
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whole body exposure to low doses from scattered and leakage radiation. Because many patients with common cancers
now have longer life expectancies due to modern procedures like radiotherapy, this issue has gained significance.®’

To deliver the appropriate radiation dosage in the treatment of breast cancer patients, medical professionals employ
two techniques: 3D conformal radiotherapy (3DCRT) and intensity-modulated radiotherapy (IMRT).”%"!

These techniques are facilitated using a medical linear accelerator (LINAC) with a 6 megavolt (MV) power output. The
study revealed notable differences in the dosages delivered when utilizing the IMRT technique compared to the 3D technique.
The doses delivered during IMRT exposure were significantly higher, reaching around 40% of the dosage administered during
the 3D procedure. While certain organs within the irradiated region were protected, the IMRT approach resulted in increased
dosages to other areas compared to the 3D technique. The minimal doses received by both the Planning Target Volume (PTV)
(left breast with positive nodes) and the left side of the lungs are roughly comparable. However, the dose delivered during
IMRT exposure is considerably higher compared to the dose delivered during 3D exposure. Consequently, the recommenda-
tion is to avoid utilizing IMRT for cases involving left breasts and, instead, to opt for the 3D approach. In ER+, node-positive
breast cancer, the SWOG S8814 trial showed that the predicted cumulative incidence of locoregional recurrences over 8.6
years was 9.7% for patients with a low-risk RS and 16.5% for those with high-risk RS."?

In terms of the number of malignancies induced, the number of probable fatalities, and the number of woman-years of
life lost, the estimated risk of radiation-related breast cancer from mammography screening is minimal. The projected
benefit of routine mammography screening in terms of lives saved or woman-years of life saved considerably outweighs
the risk for women 40 years of age and older in terms of reducing early mortality.”

The authors emphasize that there is currently a lack of evidence supporting the notion that the utilization of inverse
IMRT leads to improvements in terms of late toxicity or oncological outcomes for patients with breast cancer.
Consequently, the adoption of inverse IMRT remains infrequent. Furthermore, insurance companies often withhold
approval for this approach unless there’s a specific need related to cardiac avoidance.
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