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ABSTRACT

The study aims to investigate the effect of traditional radiotherapy on cancer cells and
normal cells near the tumor. This study aims to investigate recent advances in radiation
therapy using high-energy targeted radiation doses for tumors with low radiation
effects on normal cells near tumors or without radiological effects on normal cells. A
study of five breast cancer patient’s was taken. Three breast cancer patients had
treatment by traditional radiation therapy. The other two patients were treated with
modern radiation therapy. Traditional radiation therapy can affect patients with breast
cancer in areas such as the spinal cord, heart, liver, and lungs. Treating the right side of
the breast will impact the patient's liver and right lung. Treating the left side of the
breast will have an impact on the heart and left side of the lung.

Keywords: Radiation therapy, cancer breast, lung, heart, spinal cord.

This paper is a revised and expanded version of a paper entitled ‘Traditional radiation
therapy for treatment breast cancer and radiation effects on normal tissues’ presented at
Fourth (1 international) student conference veterinary medicine and sustainable
development goals, Egypt, 9 March 2021.
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1- Introduction:

Traditional radiation therapy is the use of high-energy x-rays to destroying cancer
cells but depending on the radiation doses it can have an effect on healthy cells.
Traditional radiation therapy is often the most common radiation treatment but there
are additional treatments that are also used to treat cancer cells such as surgery and/or
chemotherapy. With traditional radiation therapy the division of the number of
sessions, allows healthy cells to recover and repair themselves which contributes to cut
the side effects of this type of treatment. Traditional radiation therapy sends Xx-rays or
photon beams to the cancerous tumor but it can also send these beams beyond the
tumor which will then affect healthy tissues nearby and can cause substantial side
effects [1,2].

Nowadays, with the advances of radiation therapy have today using (proton
therapy, brachytherapy, or treatment planning. etc.) able to send radiation doses of
high-energy on cancer cells that stops at the tumor, making it less likely to affect
healthy tissues that are near the tumor. Recent advancements have improved efficacy,
reduced risks, and decrease the implications of radiation therapy. These advances
involve Volumetric Modulated Arc Therapy (VMAT), Three-Dimensional Conformal
Radiation  Therapy (3DCRT), Stereotactic  Radiotherapy (SRT), Brachytherapy,
Intensity-Modulated Radiation Therapy (IMRT), Nano Therapy, Radio-
Immunotherapy (RIT), and others. Each of these modalities is the improved radiation
targeting to a tumor, thereby limiting radiation exposure to healthy tissues. The
modalities also deliver a lethal dose of radiation to the tumor cells. The use of recent
advances in the treatment planning process distinguishes it from other forms of
traditional radiotherapy of the high-resolution tumor-focused radiation dose delivery

plan. As a result, the higher and more effective dose for the radiation is delivered
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directly to cancerous cells. At the same time, this greatly decreases the high dosage of
radiation on the healthy tissues surrounding them [1,3,4].

The current problem, to date, is the use of traditional radiation therapy in the
treatment of cancerous cells and using the high dosage of radiation that Kills the
cancerous cells but has an effect on normal cells. With recent advancements in methods
of radiation therapy for cancerous cell, these new methods reduce the effects of
radiation doses on normal cells that are near the tumor. The objective of this study is to
use methods of radiation therapy for the treatment of cancer cells using the most recent
advancements of devices for radiation therapy.

The study aims to identify the most improved and efficient procedure, reduced risk,
reduction of radiation therapy side-effect, and the best radiation methods that target
only the tumor. The study also aims to provide the best methods of high beam doses on
tumors with low side effects on normal cells.

Among the study problems presented by the current research on the questions main.

Some define certain sub-questions:

What is traditional therapy?

What is radiation therapy?

What are the methods of radiation therapy for cancerous cells?

The importance of the current study stems from the fact that it's recent studies on the
effects of radiation doses on healthy cells and the importance in:

Rational

Theoretical aspect

The current research is considered one of the studies that accompany continuous

studies. It is important to keep pace with developments in cancer cell therapies, in

general. We must always consider the continuation of previous research and studies in
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cancer cell treatments, keeping in mind the importance of radiation therapy for the
treatment of cancerous cells is a modern and advanced process.

Practical aspect

Adding and presenting scientific results that are of interest to researchers in the fields

of treatments for cancer cells.

2- Material and Methods
The methods of patient’s treatment of breast cancer by traditional radiation therapy and

radiation therapy.

2-1 Radiation Therapy

The last studies on radiation therapy for treating breast cancer and research were
discovered a century ago. One of the most common and effective uses in cancer
treatments is radiotherapy. Generally, radiation doses of high energy are used to
destroy cancer cells and shrink tumors. Types of radiotherapy include Brachytherapy
and external beam radiation. Brachytherapy (internal radiation therapy) is a type of
radiation therapy that involves inserting seeds, ribbons, or capsules containing a source
of radiation into or near the tumor. To destroy cancer cells and shrink tumors. The most
prevalent type of radiotherapy is external beam radiation. This includes an external
beam therapy that guides radiation doses of high energy on cancer cells from outside
the body and radiation from a variety of different angles that reaches the tumor.
Radiation therapy is more effective in radiation with different intensities, the aim is for
radiation doses to focus on tumor locations without causing damage to the normal

tissue. Using radiation therapy for the treatment of almost all types of cancer [2,3,4].
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2-2 Breast Cancer

Breast cancer is a condition in which out-of-control cells develop in the breast.
Different kinds of breast cancer are present. The type of breast cancer depends on
which cells transform into cancer in the breast. Breast cancer may start in various parts
of the breast. Many tumors are benign in the breast, but certain types of abnormal cells
may begin to split out of control and become malignant. When a tumor is breast
cancerous, it can spread from its first place to nearby tissues, and when the infection
develops further. Cancer can reach the lymphatic vessels or into the bloodstream and
this will allow cancer to spread to other places further in the body. Types of breast
cancer include invasive ductal carcinoma and invasive lobules carcinoma. The cancer
cells spreads into other areas of the breast tissue beyond the ducts. Invasive cancer cells
may also spread to other areas of the body. There are also other less common types of
breast cancer, such as medullary external symbol, Paget disease, breast cancer that is
inflammatory, and mucinous [5,6].
Ductal carcinoma in situ (DCIS) is a breast illness that may lead to breast cancer.
Cancer cells are only found in the lining of the ducts and have not spread on other
breast tissue [5].
Staging breast cancer is a way of identifying the extent to which breast cancer has
spread and the size of the tumor, whether it has spread to lymph nodes, or whether the
tumor has spread to remote parts of the body. The TNM method is the most common
instrument that uses in staging breast cancer [7]. These divisions generally depend on
three factors which are the following:

e (T), describes the tumor size and any cancer spread to surrounding tissue

e (N), describes cancer spread to nearby lymph nodes
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e (M), describes metastasis (spread for cancer on other parts of the body). Staging
helps diagnose where cancer is found, whether and/or where it has spread, and
whether other areas of the body cancer treatment were performed. It depends on
the type of breast cancer that has spread and how far. There are methods such as
Surgery, Hormonal therapy, Chemotherapy, Radiation therapy, Biological
therapy, and other treatment [7].

High beam radiation therapy is used to treat breast cancer in different situations, some

of which can be mentioned as follows [5]:

- Radiation therapy has only been used to treat breast cancer.

- The use of radiation therapy can merge with surgery, chemotherapy, and other
treatments to treat breast cancer.

- After breast surgery, the use of radiation therapy in this case aims to reduce the
chance of the tumor appearing again in the breast or the lymph nodes.

- After mastectomy, especially if cancer has spread to the lymph nodes.

- The condition in which breast cancer spreads to other parts of the breast such as the

brain or bones.

3- Results and Discussion

The treatment of breast cancer in this study was conducted by traditional radiation
therapy and radiation therapy. A study was done to illustrate the effects of radiation on
sensitive areas for breast cancer patients (liver, heart, lung, spinal cord). The study will
explain cases to effect of traditional radiotherapy on healthy tissues and cancer cells.
Using a radiation dosimeter in the treatment of the cancerous tumor and is device
measures the dose uptake for ionization radiation and using the unit of measurement
for the calculation amount for radiation a patient is subjected to is gray (GY). This is

also known as centigray (CGY) and as shown below.
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Case 1: The patient with left breast cancer was treated with traditional radiotherapy and
was diagnosed with CT scan and had stage breast cancer (T2NoMp). Using radiation
doses done the total volume (2358.05cc), the minimum dose is (0.0 CGY), the
maximum dose is (4374.0CGY), the mean dose is (3012.0 CGY), cursor volume
(76.79%), and as shown in the graph. the number of sessions is 15 fraction (Fx), and
the beam dose rate effect is larger on the left lung (476 CGY), heart (1056 CGY), beam
dose rate effect is less on the right lung (19 CGY), and right side breast (27 CGY).
Using a much higher beam dosage (GTV), (CTV), (PTV) as shown in the red color for
killing the cancerous cells in the right breast causing a radiation effect on the healthy
cells (from 100 volumes to 4000 doses). Note, a beam dose rate effect larger on the left
lung as shown in the green color (from 100 volumes to 3600 doses), heart as shown in
the blue color (from 100 volumes to 3600 doses), and spinal cord but less effect on the
right lung as shown in the yellow color (from 100 volumes to 500 doses), and right
breast as shown in the green color (from 100 volumes to 700 doses), and liver than

beam dose as shown in figure 1.

3]
g
5

e e
~ -
dy ©
‘é ;
i

100

v e

i

u 80 T

C \\ B '1 -

e

% 60 \\ —
20 : \\ : i:‘“

Figure(1): Graph volume-dose for treatment of left breast cancer
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Case 2: The patient with left breast cancer was treated with traditional radiotherapy and
was diagnosed with CT scan and had stage breast cancer (T:N2Mp). Using radiation
doses done the total volume (1527.33cc), the minimum dose is (173.0 CGY), the
maximum dose is (4538.0 CGY), the mean dose is (3725.0 CGY), cursor volume
(97.95%), and as shown in the graph. The beam dose rate effects are larger on the left
lung (1642 CGY), heart (671CGY). The beam dose rate has a less effect on the right
lung (41CGY), and right side breast (10 CGY). Using high beam dosage for the Killing
of cancerous cells in the left breast causes a radiation effect on normal tissue at the
same time (from 100 volumes to 4500 doses) as shown in the red. Note, a larger beam
dose affects the left lung, heart, and spinal cord as shown in the red and yellow color
but has a less effect on the right lung, liver, and right breast as shown in the blue color

as shown in figure 2.
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Figure(2): Graph volume-dose for treatment of left breast cancer by traditional radiation therapy
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Case 3: The patient with right breast cancer was treated with traditional radiotherapy
and was diagnosed with CT scan and had stage breast cancer (T2NiMp). Using
radiation doses done the total volume (1233.20 cc), the minimum dose is (296.0 CGY),
the maximum dose is (4322.0CGY), the mean dose is (3798.0 CGY), cursor volume
(99.64%), and as shown in the graph. Beam dose rate effect larger on right lung (1322
CGY), beam dose rate effect less on the heart (75 CGY), and left side breast (15 CGY)
and left lung (23 CGY). Using a high beam dose for the Killing cancerous cells in the
right breast with radiation effect on healthy cells (from 100 volumes to 4050 doses).
Note, a high beam dose rate effect is larger on the right lung as shown in the yellow
color, liver as shown in the green color, and spinal cord as shown in the red color (from
100 volumes to 4500 doses) but less effect on the left lung as shown in the yellow color
(from 100 volumes to 900 doses), the heart as shown in the red color (from 100

volumes to 1800 doses), and the left breast as shown in figure 3.
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Figure(3): Graph volume-dose for treatment of right breast cancer
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Case 4: Post-mastectomy patient with radiotherapy of the right breast using a 6-domain
sliding window for IMRT treatment for the treatment of supra / infraclavian and
internal lymph nodes but with preservation of normal tissue from a high dose beam [3]

as shown in figure 4.
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Figure(4): Right breast cancer patient [3]

Case 5: The patient was undergoing left breast radiation therapy using a 3-field sliding

window IMRT technique. It is more effective, targets the tumor more directly and has
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fewer side effects than traditional radiation therapy [3] as shown in figure 5.

Figure(5): Left breast cancer patient [3]
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4- Conclusions:

This study was done on the effect of traditional radiation therapy for breast cancer
patients and on recent developments in radiation therapy that allows us to switch from
two-dimensional to three-dimensional and four-dimensional imaging which provides
more focused therapy. The study is intended to provide more reliable tumor radiation
doses and biological targeting. This would cause the radiation dose to increase, thereby
being more efficient at treating cancer and reducing the amount of time it takes to re-
treat. Radiation therapy has three cases:

The effect on the left breast on normal cells of traditional radiation therapy has a
greater impact on the heart, spinal cord, and left lung when compared to the right side
which has a less of an effect. The right side is less affected by traditional radiation
therapy as in case 1 and in case 2.

The effect of traditional radiation therapy on the right side breast on normal cells on the
spinal cord, liver, and right lung is more than the left side, which is less affected by
traditional radiation therapy as in case 3.

Treating breast cancer wusing recent advances radiation therapy, proton therapy,
brachytherapy, or using in treatment planning (3D, IMRT, VMAT, SIB, to other).
These are perfect treatments for the patient’s cancer. These methods kill cancerous
cells with a more active radiation dose on the tumor with side-effects that are low on

normal cells than with high dose beam as in the cases: case 5, case 6.
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Recommendations

| believe recent advances in radiation therapy are the alternative to traditional

radiation therapy because it focuses more on removing the cancerous tumor with a less

effect on healthy tissues.

Abbreviations

RT Radiation therapy RIT Radio-immunotherapy
RTP Radiation treatment planning GTV  Gross tumor volume
IMRT Intensity-modulated radiation therapy CTVvV Clinical target volume
VMAT Volumetric modulated arc therapy PTV Planning target volume
3DCRT  Three-dimensional conformal radiation CGY  Centigray

therapy FX Fraction
SRT Stereotactic radiotherapy CcC Cubic centimeter
SIB Simultaneous integrated boost
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