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Chapter One

1. Introduction

1.1 Background

More than 14 million new cases of cancer are diagnosed globally each
year; radiation therapy (RT) has the potential to improve the rates of cure
of 3.5 million people and provide palliative relief for an additional 3.5
million people. These conservative estimates are based on the fact that
approximately 50 percent of all cancer patients can benefit from RT in the

management of their disease. M

Soon after Roentgen’s discovery of X-rays in 1895, ionizing
radiation was applied to the treatment of cancer, with remarkable results.
Carefully controlled doses of ionizing radiation induce damage to the
DNA in cells, with preferential effects on cancer cells compared with
normal tissues, providing treatment benefits in most types of cancer and
saving lives. RT is now recognized as an essential element of an effective
cancer care program throughout the world, regardless of countries’
economic status. RT is used to cure cancers that are localized; it also can
provide local control—complete response with no recurrence in the
treated area—or symptom relief in cancers that are locally advanced or
disseminated. It is frequently used in combination with surgery, either
preoperatively or postoperatively, as well as in combination with
systemic chemotherapy before, during, or subsequent to the course of

RT.?

Because radiation affects normal tissues and tumors, achieving an

acceptable therapeutic ratio—defined as the probability of tumor control
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versus the probability of unacceptable toxicity—requires that the
radiation dose be delivered within very tightly controlled tolerances with
less than 5 percent deviation. This controlled production and precise
application of radiation requires specialized equipment that is maintained
and operated by a team of trained personnel. The team includes, at a
minimum, radiation oncologists to prescribe the appropriate dose,
medical physicists to ensure accurate dose delivery, and radiation
technologists to operate the equipment and guide patients through the
radiation process. Radiation oncologists work within multidisciplinary
teams with medical and surgical oncologists to coordinate a
multidisciplinary approach to the management of cancer. A
comprehensive cancer center provides the full scope of RT services,
ranging from externally applied beams of X-rays to the placement of

radiation-emitting sources within tumors.®
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Chapter Two

2. Literature Review

2.1 Cancer

Cancer is a disease in which some of the body’s cells grow uncontrollably
and spread to other parts of the body. Cancer can start almost anywhere in
the human body, which is made up of trillions of cells. Normally, human
cells grow and multiply (through a process called cell division) to form
new cells as the body needs them. When cells grow old or become

damaged, they die, and new cells take their place. 7)

Sometimes this orderly process breaks down, and abnormal or damaged
cells grow and multiply when they shouldn’t. These cells may form
tumors, which are lumps of tissue. Tumors can be cancerous or not
cancerous (benign). Cancerous tumors spread into, or invade, nearby
tissues and can travel to distant places in the body to form new tumors (a
process called metastasis). Cancerous tumors may also be called
malignant tumors. Many cancers form solid tumors, but cancers of the
blood, such as leukemias, generally do not. Benign tumors do not spread
into, or invade, nearby tissues. When removed, benign tumors usually
don’t grow back, whereas cancerous tumors sometimes do. Benign
tumors can sometimes be quite large, however. Some can cause serious

symptoms or be life threatening, such as benign tumors in the brain. ®)

2.2 Differences between Cancer Cells and Normal Cells

Cancer cells differ from normal cells in many ways. For instance, cancer

cells: ©)

e Grow in the absence of signals telling them to grow. Normal cells

only grow when they receive such signals.

s s [ s s s e O e s B Y e n— N e— N w— N — N — N — N S— N S— A S— R S— N S— R S— N s— N s— N S— N S— . E— . S— | S— . S— . S— . S— . S— —

E::::::::::I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:I:::::::::::::::::::::::ﬂ



F::::::::::I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:I:::::::::::::::::::::::q

s s [ s Y s s e s e Y Y B e o s w— N — N — N — ) — N — N S— R S— N S— R S— N s— N s— N S— N S— N S— N S— | S— . S— . S— . S— . S— . —

e Ignore signals that normally tell cells to stop dividing or to die (a
process known as programmed cell death, or apoptosis).

e Invade into nearby areas and spread to other areas of the body.
Normal cells stop growing when they encounter other cells, and
most normal cells do not move around the body.

e Tell blood vessels to grow toward tumors. These blood vessels
supply tumors with oxygen and nutrients and remove waste
products from tumors.

e Hide from the immune system. The immune system normally
eliminates damaged or abnormal cells.

e Trick the immune system into helping cancer cells stay alive and
grow. For instance, some cancer cells convince immune cells to
protect the tumor instead of attacking it.

e Accumulate multiple changes in their chromosomes, such as
duplications and deletions of chromosome parts. Some cancer cells
have double the normal number of chromosomes.

e Rely on different kinds of nutrients than normal cells. In addition,
some cancer cells make energy from nutrients in a different way

than most normal cells. This lets cancer cells grow more quickly.

2.3 Types of cancer

Cancers are named for the area in which they begin and the type of cell
they are made of, even if they spread to other parts of the body. For
example, a cancer that begins in the lungs and spreads to the liver is still
called lung cancer.

There are also several clinical terms used for certain general types of

cancer: (10)

s s [ s s s e O e s B Y e n— N e— N w— N — N — N — N S— N S— A S— R S— N S— R S— N s— N s— N S— N S— . E— . S— | S— . S— . S— . S— . S— —

E::::::::::I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:I:::::::::::::::::::::::ﬂ



F::::::::::I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:I:::::::::::::::::::::::q

s s [ s Y s s e s e Y Y B e o s w— N — N — N — ) — N — N S— R S— N S— R S— N s— N s— N S— N S— N S— N S— | S— . S— . S— . S— . S— . —

+ Carcinoma: is a cancer that starts in the skin or the tissues that line
other organs.

+» Sarcoma: is a cancer of connective tissues such as bones, muscles,
cartilage, and blood vessels.

+» Leukemia: is a cancer of the bone marrow, which creates blood
cells.

* Lymphoma and myeloma: are cancers of the immune system.

Learn more about specific types of cancer with the resources below: (1)

+»+ Bladder cancer

+ Kidney cancer

+» Liver cancer

+« Lung cancer

++ Signet cell cancer

+»+ Skin cancer

+¢ Gallbladder cancer
+»+ Gastric cancer

¢ Thyroid cancer

++ Salivary gland cancer

% Secondary cancer Fig.2 Types of cancer

2.4 Types of Cancer Treatment

There are many types of cancer treatment. The types of treatment that you
receive will depend on the type of cancer you have and how advanced it
Is some people with cancer will have only one treatment. But most people
have a combination of treatments, such as surgery with chemotherapy and

radiation therapy:

e Biomarker Testing for Cancer Treatment:
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Biomarker testing is a way to look for genes, proteins, and other
substances (called biomarkers or tumor markers) that can provide

information about cancer. Biomarker testing can help you and your

1. Brachytherapy

Involves radioactive material that is implanted in the body. Dozens of
tiny “seeds” containing radioactive iodine are placed at the tumor site
with a special needle or catheter. This is done as an outpatient procedure.
Brachytherapy is used for treatment of prostate, cervical, endometrial,

: 31
vaginal and breast cancers. 31

2. Intraoperative radiation therapy (IORT)

Is used to treat an exposed tumor during cancer surgery. IORT delivers a
high dose of radiation to a surgically exposed treatment area. Surrounding
healthy organs and tissues are protected by lead shields. This type of
radiation can be used for certain gastrointestinal cancers and other

cancers that are challenging to remove during surgery. (32)

3. Stereotactic radiosurgery (SRS)
Fig.5 IORT Radiation

Is not actually surgery. Instead, it uses dozens of tiny radiation beams to
treat tumors in the head and neck with a single radiation dose. MD
Anderson uses the Gamma Knife® SRS system. Gamma Knife is used to
treat cancer that has spread to the brain or head or neck area, as well as
tumors in the base of the skull, malignant gliomas, acoustic neuromas,

pituitary tumors and meningiomas. (33)

2.5.3 External beam radiation therapies are delivered through a

specialized machine directly to the cancer site
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These include the following types of radiation therapy:
1. Proton therapy

Uses a beam of protons to deliver radiation directly to the tumor. A
proton beam conforms to the shape and depth of a tumor while sparing
healthy tissues and organs. At the MD Anderson Proton Therapy Center,
we provide advanced radiation to treat cancers of the prostate, lung, head
and neck, liver, esophagus and brain, as well as for the treatment of

lymphoma, pediatric cancers and other rare tumors. (34

2. MRI

Linear accelerator is used to track soft tissue-based tumors in real time
during radiation. During treatment, the MRI is constantly obtaining
images. This allows for real-time control of the radiation beam during
treatment. This provides the ability to adapt the radiation delivery as
needed at each treatment. This technique is used for multiple cancer types
with a soft tissue component, such as head and neck cancers and

. . 35
gastromtestlnal cancers. (35)

3. Stereotactic body radiation therapy (SBRT)

Has a narrower beam of radiation. It allows us to more precisely target
the tumor. SBRT may be a good option for patients who are not
candidates for surgery, and it can be used for a variety of cancer types,
including lung cancer, pancreatic cancer, liver cancer, and cancers that

have spread to the bones. (36)

2.6 Pharmacological properties

Systemic  radiation therapy uses radioactive drugs (called
radiopharmaceuticals or radionuclides) to treat certain types of cancer,

including thyroid, bone, and prostate cancer. These are liquid drugs made
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up of a radioactive substance. They can be given by mouth or put into a

vein; they then travel throughout the body. 37)

2.6.1 Radiopharmaceuticals

Radiopharmaceuticals include a group of radioactive agents used for
either diagnostic or therapeutic interventions. Although the administration
of radiopharmaceuticals is often systemic, they are likely to localize to
specific tissues because of their biomolecular properties, i.e., the areas of
hyperintensity observed on positron emission tomography (PET) scans
that indicate a high tissue metabolic demand. Radiopharmaceuticals
actively emit radiation, which makes their storage more difficult than
non-radioactive pharmaceuticals. Compounds used for diagnostic
interventions usually either emit beta particles (positrons or electrons) or
gamma rays, while compounds that emit Auger electrons or alpha

particles (helium nuclei) are generally for therapeutic interventions. (38)

Radio-imaging involves the use of incredibly low concentrations of
radiotracers (sub-micro quantities). Radio-imaging is currently used to
analyze tissue physiology, detect disease, and monitor treatments;
however, new uses are being discovered with the advent of personalized

medicine. (38)

Radiotherapeutic agents use the radiation emitted from the nuclide to kill
the target cells or serve palliative purposes. Radiation is toxic to tissues in
the body: the brain, spinal cord, kidneys, and bone marrow are especially
susceptible. Many radiopharmaceuticals are delivered systemically, and
this means that ideally, the pharmaceuticals should selectively prefer the
tumor tissue relative to normal healthy tissue. Many various specific

. . . 38
radionuclides are in common use. (38)

2.6.2 Clinical Significance
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Radiopharmaceuticals are vital to healthcare. They are instrumental in
Imaging, and in the United States alone, millions of nuclear medicine
procedures are performed annually. They are instrumental in the

treatment of many malignancies and even many benign tumors. (39)

Designing radiopharmaceuticals is a rigorous and complicated process
that relies on many different factors. Selecting the appropriate nuclide is
critical, as the specific nuclide has a specific half-life and decay mode.
These both impact the localization and utility of the radiopharmaceutical.
Other factors, such as molecular stability, ease, and production cost, are
also important factors. Specific radiopharmaceuticals like radium-223 are
useful for treating painful bone metastases in prostate cancer patients with
castration-resistant bone metastases and have been approved by FDA for

this use. (40)

2.7 Mechanism of action of radiation therapy

Radiation therapy uses particles or waves moving at a high frequency to
target the DNA of cells in the body and change the way they are able to
replicate. If the DNA required for mitosis and replication is damaged, the
cells are unable to replicate as usual and the growth of a cancerous tumor
Is inhibited. This type of therapy manipulates the fact that cancerous cells
usually replicate more quickly than normal cells in the body. As the DNA
can only be damaged when the cells are undertaking the replication
process — not in the GO phase — the majority of normal cells that take
longer to replicate are less affected than the cancerous cells. Radiation
therapy uses low and high linear energy transfer (LET) radiations to
efficiently Kkill the tumor cells while minimizing dose (biological

effective) to normal tissues to prevent toxicity. (1)

2.8 The date of its appearance
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Radiotherapy has its origins in the aftermath of the discovery of x-rays in
1895 and of radioactivity in 1896. Through scientific discoveries, trial
and error, and technology advances, standardised approaches in external
beam radiotherapy and brachytherapy were developed. Also, the
development of the fields of radiobiology and radiation metrology was
particularly important in making radiotherapy an effective treatment

modality for cancer therapy. (42)

External beam radiotherapy began with superficial and orthovoltage
therapy with x-ray tubes and teletherapy with sealed radioactive sources.
St Bartholomew’s Hospital pushed the limits of technology with the 1
MV X-ray tube in the 1940’s. Megavoltage therapy matured in the 1950°s
with the development of the Cobalt-60 machine along with the medical
linear accelerator. The betatron and microtron have also been used in
radiotherapy. Hospital-based particle therapy arrived in 1989 and there

are currently 57 particle therapy facilities worldwide in operation. 43)

Brachytherapy using sealed sources began with Radium-226 (1901), and
then followed brachytherapy with Radon-222 seeds, Caesium-137,
Iridium-192 and Cobalt-60 sources, while other isotopes including
lodine-125 and Gold-198 have proved effective. Brachytherapy with beta
sources such as Strontium-90 and Ruthenium-106 has niche uses. Various
manual loading systems have been superseded by modern high-dose-rate
Iridium-192 and Cobalt-60 afterloader systems and automated systems

for delivery of lodine-125 seeds to the prostate. (44)

2.9 Beginning of radiation therapy

Radiotherapy can be traced back about 125 years to the discovery of X-
rays (1895) by a Germany physicist named W. C. Roentgen. After X-rays
were discovered, it did not take long before X-rays were used in cancer

11
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treatments. On January 29, 1896, just three days after announcement of
the discovery of X-rays, the E. H. Grubb company, a vacuum tube
manufacturer, applied X-rays for the first time in cancer treatment at the
suggestion of doctor Ludlam. A single treatment was performed for about
one hour in breast cancer patients. “5) In 1900, T. Stenbeck and T.
Sjogren treated patients with skin cancer at the tip of their nose. In 1903,
Senn first attempted treatment in a leukemia patient. “6) In 1896,
Despeignes began using radiotherapy in France. Patients with stomach
cancer were irradiated 15 to 30 minutes with 80 fractions and it was

reported that the disease improved and pain was relieved. “n

2.9.1 Beginning of radiation therapy in Iraq

In Irag, the first establishment of radiotherapy services dates back to the
1920s when the Radiology Institute was established in Baghdad. “8) This
institute was the only place in Irag that was offering diagnostic and
therapeutic radiation services until the late 1950s, when a deep X-ray
therapy unit was installed in Mosul in 1959. The establishment of the
Oncology and Nuclear Medicine Institute in Baghdad was in 1969, and in

Mosul and in Basra, it was in 1978. (49)

2.10 The purpose of using radiation therapy

Radiation therapy is an essential tool for treating cancer and is often used
with other therapies, such as chemotherapy or tumor removal surgery.
The main goals of radiation therapy are to shrink tumors and kill cancer

cells.

There are many reasons why doctors may choose to treat cancer with

radiation. They use it to: (50)

e Destroy all cancer cells
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e Shrink the tumor
e Stop cancer from coming back

e Treat cancer symptoms

2.11 Side effects of radiation therapy
Radiation to the brain can cause these short-term side effects: S

e Headaches

Hair loss

e Nausea

e Vomiting

e Extreme tiredness (fatigue)

e Hearing loss

e Skin and scalp changes

e Trouble with memory and speech

e Seizures
Aim of study

In the current study, the primary objective was to estimate the most
common side effects in cancer patients undergoing radiotherapy in
Babylon Governorate, Irag. A secondary objective was to evaluate

possible relationships of side effects with the patient's age and gender.
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Chapter Three
3. Materials and Methods
The study was a retrospective, survey-based, and cross-sectional study

Survey and data collection. The study included a paper questionnaire
targeting cancer patients who are undergoing Radiotherapy and
attending the oncology center at Marjan Medical City Hospital in Al-Hilla,
Babylon, Iraq.

Later, an online-based questionnaire was shared in order to include the
largest possible number of cases. The study lasted for three months,
from 19 December, 2022 to 27 April, 2023.
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2.7 Mechanism of action of radiation therapy
Radiation therapy uses particles or waves moving at a high frequency to
target the DNA of cells in the body and change the way they are able to
replicate. If the DNA required for mitosis and replication is damaged, the
cells are unable to replicate as usual and the growth of a cancerous tumor
Is inhibited. This type of therapy manipulates the fact that cancerous cells
usually replicate more quickly than normal cells in the body. As the DNA
can only be damaged when the cells are undertaking the replication
process — not in the GO phase — the majority of normal cells that take
longer to replicate are less affected than the cancerous cells. Radiation
therapy uses low and high linear energy transfer (LET) radiations to
efficiently kill the tumor cells while minimizing dose (biological
effective) to normal tissues to prevent toxicity. ()
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