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ABSTRACT

In recent years, there has been an increasing interest in using proton beam therapy to treat certain
types of cancer in many countries around the world. However, some countries never used proton
beam therapy and do not have any center for it. One of these countries is Iraq. Although the
advantages of proton beam therapy over photon beam therapy to treat several types of cancer, it
remains unused in Iraq and several countries. This may be due to the high cost of building a proton
beam therapy center, a lack of information about this advanced modality that can save many lives,
or the absence of a trained staff of oncologists, medical physicists, and technicians who know how
to work with the proton beam therapy center. Here in this review, light will be shed on proton
beam therapy and its advantages and disadvantages, and the specific types of cancers should be
treated by this modality rather than photon beam therapy.
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INTRODUCTION

I
n the beginning, the idea of using a proton beam for
therapy due to its characteristics over the photon beam
was outlined by Wilson in 1946 [1]. He described in his
article how accelerated proton can travel through the

body in a nearly straight path, causing ionization of the tis-
sue that passes through by losing a very small part of proton
energy for each interaction that leads to a slowdown of the
proton, and then the proton stops after finite range after giv-
ing almost all of its energy to the tissue at the end of its path,
forming a peak, which is called a Bragg peak [1]. After Wil-
son presented his idea about proton therapy, scientists and
researchers from all over the world performed many studies
and experiments over the years to develop a technique that
can be used to treat cancer patients with proton beam [2]. De-
velopments were continued until the proton therapy modality
became as we can see it these days.

Proton beam therapy may have clinical advantages com-
pared with photon or electron radiation therapy for certain
types of cancers, such as medulloblastoma and other cancers
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in pediatric patients, prostate cancer, central nervous system
cancer, and breast cancer [3, 4]. Due to a more conformal dis-
tribution of the radiation dose, the risk of damaging normal
tissues is diminished, which may allow dose escalation and a
higher chance of recovery. If the only consideration was the
radiation therapy’s impact on cancer patients, proton therapy
is more effective than traditional photon therapy [3, 5].

In recent years, several countries around the world have
adopted proton beam therapy as an alternative modality to
treat particular types of cancer. However, many other coun-
tries still do not yet have any center for proton therapy [6, 7],
despite its features in comparison with the photon beam [8].
Several reasons prevent these countries from having their pro-
ton therapy centers; the first and most important one is the
high cost of this modality [8, 9]. All healthcare systems face
financial challenges, and new technologies-particularly those
as complicated as proton therapy-must be able to pay for their
higher operating costs as well as the investment required to
bring them into clinical practice [10]. Other reasons may be
a lack of information about this advanced modality that can
save many lives or the absence of a trained staff of oncolo-
gists, medical physicists, and technicians who know how to
work with proton beam therapy centers, especially in devel-
oping and poor countries.

In the current study, the physical properties of protons that
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make them superior to treating certain types of cancer that
are surrounded by organs at risk, types of cancer that are
better to treat with proton beam therapy rather than con-
ventional radiation therapy, the cost for the building, and
how to prepare a qualified trained team to manage the center
with high efficiency will be discussed.

PHYSICAL PROPERTIES OF PROTONS

The proton is the hydrogen atom’s nucleus. It has a mass of
1.6×10−27 kg and a single positive charge of 1.6×10−19 C (its
mass is approximately 1840 times the electron’s mass). The
proton is composed of two up and one down quarks, which
are kept together by gluons. The proton, which splits into a
positron, neutron, and neutrino, is the most stable particle
[11].

Protons interact with the atomic nuclei and electrons of
the medium as they pass through it. Several types of interac-
tions may occur. Columbic interaction with atomic electrons
is one of the various types of interactions that can happen,
in which protons collide with atomic electrons and transfer
a portion of their kinetic energy to these electrons, leading
to the excitation and ionization of atoms, thus resulting in
absorbed dosage; After this collision, the majority of protons
continue to move in a fairly linear trajectory due to their rest
mass being 1832 times greater than that of an electron. The
second type is Columbic interaction with the atomic nucleus
which occurs when a proton approaches the atomic nucleus,
resulting in a repulsive elastic force, and due to the substan-
tial mass of the nucleus, it alters the proton’s initial linear
path with dissipating some of its energy. Also, there is a rare
type of interaction which is called nuclear reaction, it occurs
when a projectile proton enters the nucleus causing excitation
to the nucleus which then releases one or more neutrons, pro-
ton, deuteron, tritons, or heavier ion to reach a more stable
state. The last type of interaction is proton Bremsstrahlung,
although theoretically possible, proton Bremsstrahlung has
little effect at therapeutic proton beam intensities [9, 11].

These interactions result in an energy loss directly propor-
tional to the square of the charge and inversely proportional
to the square of the velocity [9, 11]. “As the proton loses en-
ergy, it slows down, and the rate of energy loss per unit path
length increases. The rate of energy loss peaks as the pro-
ton velocity gets closer to zero toward the end of its range.
The dose of a monoenergetic proton beam increases gradu-
ally with depth at first, then sharply toward the end of the
range. The Bragg peak is the name given to this abrupt rise
or peak in dose deposition at the end of the particle range.
Figure 1 shows the dose distribution for one proton beam
and its Bragg peak. A monoenergetic proton beam’s Bragg
peak is too small to encompass the majority of target vol-
umes. By superposing multiple beams of varying energy, the
Bragg peak can be dispersed to provide more depth cover-
age. These beams are referred to as spread-out Bragg peak
(SOBP) beams. The SOBP beams are produced by covering
the proximal part of the target volume with beams of dimin-
ishing energy and intensity and covering the distal end with
a monoenergetic beam of high enough energy and range [11].
Figure 2 shows the distribution of SOBP depth dose.

It can be seen in both previous Figures 1 and 2 that im-
mediately following the Bragg peak or SOBP, the depth-dose
curve abruptly falls off to almost zero. This property makes
the proton beam superior compared to the photon beam for
treating cancers when normal organ preservation is a priority

Figure 1. Dose distribution for one proton beam and its
Bragg peak.

Figure 2. The distribution of Spread-out Bragg peak (SOBP)
depth dose for 12 proton beams.

as the beam can be localized within the tumor area [12]. Ac-
cording to several studies, proton radiotherapy can reduce by
approximately 50% of the irradiation dose to adjacent normal
tissue compared with photon beams [13].

RADIOBIOLOGY OF PROTON THERAPY

Any ionizing radiation induces biological effects by produc-
ing free radicals called reactive oxygen species (ROS), and
the production of ROS increases when ionization densities in-
crease [14]. Protons show biological effectiveness in cell killing
because the linear energy transfer (LET) has the highest value
when a proton reaches the Bragg peak compared to X-rays.
Elevated values of LET are linked to a localized energy deposi-
tion that causes more severe, irreversible biological harm [15].
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LET is an important factor that affects relative biological
effectiveness (RBE). RBE is a concept that is used to evalu-
ate a radiation type’s biological efficacy to that of photons,
which is the reference radiation type. The ratio of photon
dose to proton dose required to inflict the same level of bio-
logical harm is thus known as the RBE of the proton. Clinical
settings employ a general constant RBE of 1.1 when planning
proton therapy. RBE is affected by physical parameters such
as the proton beam energy, radiation dose, dose rate, frac-
tionation strategy, the irradiation site, and the Bragg peak
profile. Additionally, biological characteristics including the
kind of tissue, oxygen saturation level, and stage of the cell
cycle have an impact on it [16, 17].

The physical properties and radiobiology behavior of pro-
tons make the proton beam the best choice to treat many
cancer types in comparison with photon beam.

TYPES OF CANCERS TREATED WITH
PROTON THERAPY

Proton therapy could be better than photon therapy in
treating non-metastatic cancers and cancers that are close
to critical organs such as the heart, brain, and lungs. The
types of cancers best treated with proton therapy have in-
creased recently to include breast, cervical, gastrointestinal,
lung, kidney, prostate, brain, spinal, throat, and pediatric
cancers. Also, lymphoma, mesothelioma, and sarcomas can
be treated with proton therapy [4, 18]. Below are some types
of cancers that can be treated by protons better than photons.

BRAIN CANCER AND SPINAL TUMORS

Tumors of the brain are either benign or malignant [19].
Benign tumors don’t spread to other organs and grow slowly.
They often can be removed surgically. However, malignant
tumors grow very fast and invade surrounding tissues. Tu-
mors of the brain and spinal cord grow inside the brain or
spinal cord which comprise the central nervous system [20].

Proton radiation therapy is considered an ideal choice to
treat brain cancer and spinal tumors. This modality delivers
the exact radiation dose to the tumor without reaching crit-
ical tissues that surround the tumor such as the rest of the
brain, eyes, and spinal tissue [21]. When compared to pho-
tons, protons’ effective properties allow physicians to provide
a greater dose to the tumor while also providing superior nor-
mal tissue sparing. However, treatment with photons at the
same level of dose results in unacceptable toxicity [22].

PEDIATRIC CANCERS

Children are more susceptible than adults to developing
cancers like brain, leukemia, breast, skin, and thyroid cancer
after being exposed to ionizing radiation because their organs
and tissues are still developing. Additionally, because chil-
dren live longer after radiation exposure due to primary treat-
ment, there is an increased chance that they will develop other
malignancies caused by radiation over their lifetime [23, 24].
Children who receive radiation for their treatment of cancer
are at higher risk of developing second primary malignancies
during their lifetime [25]. However, radiation therapy for pe-
diatric cancer is a life-saving procedure [26].

Several photon radiation modalities include traditional
modality, image-guided radiation therapy, three-dimensional

conformal radiation therapy (3D-CRT), and intensity-
modulated radiation therapy (IMRT). Indeed, the last modal-
ity is more precise than the others in delivering the radiation
dose to the tumor. However, all of them still deliver unwanted
doses to normal tissue on the radiation way to the tumor [26].

Recently, proton treatment has been determined by many
researchers to be the most effective radiation therapy for pe-
diatric malignancies because protons deliver precisely most
of the radiation dose to the tumor area with limited expo-
sure to the surrounding healthy tissue. Additionally, some
tumors can resist low LET photons but are susceptible to
high LET protons [27–29]. Due to its properties, proton ther-
apy increases the quality of life for pediatric cancer patients
by decreasing the probability of occurrence of second malig-
nancies.

LUNG CANCER

Lung cancer comes in two varieties: Small-cell lung can-
cer and non-small-cell lung cancer [30], the most prevalent
is the first one [31]. Nowadays, several treatment modalities
are present to treat lung cancer such as surgery, chemother-
apy, radiation therapy, targeted therapy, or a combination of
these treatments [32]. The type of lung cancer and its spread
determine the treatment method.

Some patients are treated with radiotherapy [33]. Radio-
therapy includes either a photon beam or proton beam. Sev-
eral photon beam modalities such as external beam, inten-
sity modulated radiation therapy, brachytherapy, stereotactic
body radiation therapy [34], all of these modalities deliver un-
desired radiation doses to critical organs and normal tissues
surrounding the tumor in the lung [35].

Recently, oncologists have started to use proton therapy
to treat non-small cell lung cancer patients instead of photon
radiotherapy and lobectomy. Several studies have shown the
dosimetric benefit of proton therapy for non-small cell lung
cancer compared to conventional photon therapy, in proton
therapy, a precise radiation dose is delivered to the tumor
while no or minimal radiation dose is received by the lung
parenchyma, heart, esophagus, and other surrounding normal
organs at risk. Consequently, PBT preserves the patient’s
quality of life after the completion of therapy [36].

PROSTATE CANCER

Several modalities are used to treat localized prostate can-
cer, a radiotherapeutic approach is one of these modalities.
Photon therapy can reach the tumor and kill it but may
also harm the normal tissues and organs surrounding the tu-
mor, while proton therapy can precisely kill the tumor spar-
ing normal tissues and organs [37]. Many research studies
and clinical trials showed that proton therapy is safer than
photon therapy in the treatment of prostate cancer because
proton treatment offers better dose profiles and better phys-
ical characteristics when compared to X-ray radiotherapy as
mentioned previously. It’s worth noting, that proton therapy
does not affect testosterone levels, and the probability of a
second cancer is very low, therefore, proton therapy is much
better than photon therapy to treat prostate cancer [37–39].

CERVICAL CANCER

Cervical cancer is the primary cause of mortality for women
worldwide [40]. Several techniques of photon therapy are used
to treat cervical cancer. However, all these techniques deliver
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Table 1. The success rate and complications of proton beam therapy in treating certain cancers in comparison with other
modalities.

Cancer type Proton therapy
success rate (%)

Conventional radiation
success rate (%)

Proton therapy
complication rate (%)

Conventional radiation
complication rate (%)

Prostate cancer 90 85 10 15
Pediatric brain tumors 95 88 5 12
Head and neck cancers 85 80 12 18
Lung cancer 80 75 20 25

unwanted radiation doses to normal tissues and organs sur-
rounding the cervix. In contrast, protons have limited organ
at-risk toxicity and unique advantages because of their limited
range [41]. Several studies demonstrated that proton therapy
could target the tumor without causing any harm to the nor-
mal organs surrounding the cervix. Given that it provides
optimal rectum and bowel sparing, it may significantly lower
acute and late toxicity [41, 42].

Several studies compared the efficacy and complications of
proton therapy with those of other photon modalities in treat-
ing certain cancer types. These studies found that proton
therapy has a higher success rate than conventional radia-
tion therapy for all cancer types that have been included in
these studies. Additionally, compared to conventional radia-
tion therapy, the rate of complications from proton therapy
was reduced [43, 44], as shown in Table 1.

ADVANTAGES AND DISADVANTAGES OF
PROTON THERAPY

The dose distribution of proton therapy is highly conformal
in comparison with photons, allowing the sparing of normal
tissues and escalation of tumor doses, which leads to improv-
ing quality of life and reducing toxicity, for this reason, proton
therapy is widely recommended for childhood cancers [45, 46].
The second and most important advantage of proton therapy
is the sparing of the immune system, due to the short dose dis-
tribution of the proton beam resulting in minimized exposure
of immune organs at risk and the circulating lymphocytes to
radiation. There is a proof that the sparing of the immune
system can improve end results [45, 47]. Also, proton therapy
is effective for treating complex and deep-seated tumors [18].

The limitations or disadvantages of proton therapy are:
Firstly, the proton therapy machine is more complex and sen-
sitive in comparison with photon therapy, therefore, very well-
trained staff is required [48], secondly, the proton therapy fa-
cility is more expensive compared to photon therapy facilities,
and thus the cost of treatment is high [18, 45, 49]. Thirdly,
proton therapy requires a longer treatment time compared to
conventional radiation therapy [18, 49]. The other advantages
and disadvantages of proton beam therapy are presented in
Table 2.

PROTON THERAPY FACILITY

At present, only 94 proton centers are operating worldwide,
including those in scientific research institutes.The majority
of these centers operate in Japan and the United States (www.
ptcog.site), and their numbers are growing. Iraq has yet
to acquire a proton center (https://proton-therapy.org/)
[50].

Large and equipped with sophisticated machinery, the pro-
ton facility produces proton beams of energy that are enough

Table 2. Summarizes the advantages and disadvantages of
proton beam therapy [18, 45, 49].

Advantages

1. High-precision tumor targeting.
2. Minimal harm to the healthy tissues around.
3. Reduced possibility of adverse effects.
4. Effective for treating deep-seated and complex tumors.
5. Potential for higher cure rates.
6. Reduced short-term and long-term side effects.

Disadvantages

1. High cost.
2. Limited availability.
3. Requires specialized equipment and facilities.
4. Longer treatment times compared to conventional radia-

tion.
5. Not suitable for all types of cancer.
6. Lack of comparative studies.

to treat tumors at any depth using cyclotrons or synchrotrons,
which are utilized in radiotherapy [11].

The main obstacle to the wider adoption of proton ther-
apy is its cost, which is still three times higher than that of
advanced photon radiation therapy. The major factors deter-
mining the cost discrepancy are the expenses associated with
equipment, buildings, and operation, which require intensive
procedures of quality assurance to ensure precise proton dose
delivery to the patient [51]. The technology of the proton
therapy facility is much more complex than the photon ther-
apy facility. Therefore, highly trained and qualified staff are
needed to operate the facility. The staff includes oncologists,
medical physicists, health physicists, nurses, technicians, and
engineers who repair the unit whenever any defect happens
[52].

From what is mentioned above, the developing and poor
countries cannot have their own proton therapy units and
keep them working properly at this time. The question arises
of how these countries, including Iraq, can have their own
proton facility. Let us talk about Iraq: how can own a pro-
ton facility to treat patients? Firstly, the Ministry of Health
should be persuaded that proton therapy is the best choice
and much better than photon therapy to treat some types of
cancer, such as pediatric cancers, prostate cancer, lung can-
cer, and all cancers located deep and surrounded by normal
organs. Secondly, qualified medical staff should be prepared
to work efficiently in a proton therapy facility. Also, quali-
fied engineers and technicians should be prepared to be ready
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to repair any dysfunction or error that happens in the ma-
chine. All these people should be sent abroad to countries that
have proton therapy facilities such as the USA and Japan, to
take courses and attend workshops in order to learn efficiently
about this technique. Thirdly, the Ministry of Health should
allocate a sufficient and suitable area of land to build the fa-
cility building and the amount of money needed to purchase
the proton therapy unit. Lastly, the cost of the treatment
should be paid by the health insurance. Therefore, all pa-
tients who are referred by oncologists would have access to
the apprperiate treatment. Even though the facility is costly,
its benefits are worthwhile, especially for children who have
cancer, as it improves the quality of their lives.

CONCLUSION

The main reasons for prefering proton therapy over photon
therapy are its ability to spare the normal tissues and organs
surrounding the tumor and to escalate the dose to the tar-
get. Proton therapy is considered the best choice for treating
specific types of cancer, such as pediatric cancers and tumors
located in anatomically difficult areas. Despite the physi-
cal and radiobiological characteristics of proton beams, many
countries still do not have proton therapy facilities for sev-
eral reasons, including the high cost of the facility, the cost of
treatment, a lack of information about the importance of this
modality over photon therapy, and the absence of well-trained
staff. All countries should have proton therapy facilities due
to the importance of proton therapy to improve the quality of
life, especially for children, even if the facility has significant
requirements as previously mentioned. It is possible that the

current and future technological improvements in proton ther-
apy will help gradually reduce the cost, and this may happen
in the near future.
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