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Based on 2022 statistics from the World Health Organization (WHO),
liver cancer ranks as the 3rd leading cause of cancer-related mortality
worldwide, claiming approximately 750,000 lives annually. X-ray
therapy has demonstrated effectiveness in providing local-regional
control, making it a potential treatment modality for liver cancer. This
study aims to determine the optimal irradiation direction for advanced-
stage (C) Hepatocellular Carcinoma (HCC) using radiation therapy. To
simulate the X-ray radiation transport process in the human body, a
phantom model has been developed using various materials that mimic
body tissues with the PHITS (Particle and Heavy lon Transport code
System) program Monte Carlo method. The study revealed that the
irradiation direction greatly affects the irradiation time required to achieve
the prescribed dose threshold. X-ray therapy dose analysis evaluates the
number of fractions required to achieve a lethal dose to cancer cells while
minimizing the dose to healthy surrounding cells. The irradiation
direction was varied at 0°, 45°, and 90° to find the optimal angle that
results in the shortest irradiation time. By evaluating the number of
fractions needed to reach the lethal dose limit for cancer cells, the 45° or
Right Anterior Oblique (RAOQ) irradiation direction is the most optimal
direction with a total of 16-25 fractions with an irradiation time of 2.01
minutes/fraction and a dose to cancer of 1.94 Gy/fraction. These findings
could contribute to the refinement of treatment protocols, which
potentially improve outcomes for patients with advanced liver cancer.

© 2025 Tri Dasa Mega. All rights reserved.

1. INTRODUCTION

In Indonesia, liver cancer ranks second as the

Based on statistical data from the WHO in
2022, liver cancer ranks 3" out of 15 types of cancer
that cause the global death toll to stand at 750
thousand, making it the leading cause of fatalities.
The highest incidence of liver cancer cases is
documented on the Asian continent, while in
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highest cause of death. Available data shows that
liver cancer cases are on the rise. The total number
of new cases recorded in 2022 is around 860
thousand cases worldwide and 23 thousand cases in
Indonesia [1]. This indicates a high mortality rate for
liver cancer, reaching 87.60% globally and 98.23%
in Indonesia, ranking it as the third and second
highest cause of cancer-related deaths, respectively.

Current methods of liver cancer treatment
include the use of drugs, surgical intervention, and
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radiation therapy. However, the prognosis of using
drugs tends to be unfavorable as the side effects of
drug toxicity can cause damage to the liver and
kidneys [2]. In addition, surgical interventions often
pose a risk of postoperative complications and have
a high recurrence rate [3]. Consequently, radiation
therapy has become an important approach in
managing liver cancer cases.

Radiotherapy is a medical approach that uses
ionizing radiation to eliminate cancer cells within the
patient's body, aiming to inflict maximum damage
on cancer cells. At the cellular level, the most
important impact of radiation is to damage DNA [4].
There are two types of cancer treatment using
radiation, also known as radiotherapy, either internal
or external. In internal radiation therapy, radioactive
isotopes are inserted into the patient's body [5].
Meanwhile, in external radiation therapy, particles
such as protons, neutrons, X-rays, or gamma rays are
directed to the body [6]. The utilization of radiation
for therapy and diagnostics is common, with the
radiation source used being X-rays or photons.

Photons in radiotherapy can be generated using
linear accelerators (LINAC) [7]. As of 2018, there
are 49 LINACs spread throughout Indonesia [8]. A
LINAC is a device that was originally designed to
accelerate positively charged particles (protons) but
was later modified to accelerate negatively charged
particles (electrons), to near the speed of light [9].
The electrons accelerated by the LINAC can be used
directly to treat tumors near the surface or focused
on a specific target material to produce an X-ray
beam, which is used to treat deeper tumor locations
[7].

X-ray treatment is effective both as a single
modality and combined to control tumors locally
[10]. The medical application of X-rays in
radiotherapy has been divided based on the energy
produced by the radiation machine. High-energy
machines (megavoltage, MV) are used in cancer
therapy due to their ability to control radiation output
with their collimator for skin protection and good
tissue penetration. Conversely, low-energy devices
(kilovoltage, kV) are primarily utilized in imaging
techniques, including Computed Tomography (CT),
mammography, and X-ray imaging of the chest or
bones [10]. Based on the Minister of Health
Regulation (PERMENKES) No. 24 of 2020,
intermediate clinic radiology services are equipped
with additional radiology equipment modalities such
as bone densitometry, C-arm, and Magnetic
Resonance Imaging (MRI) [11].

Magnetic Resonance Imaging (MRI) is a
diagnostic  technique that applies magnetic
resonance within a magnetic field ranging from
0.064 to 1.5 Tesla (1 Tesla = 1000 Gauss) and

utilizes the resonance of atomic nuclei to produce
detailed images of the human body or its organs [12].
MRI produces high-resolution images and is more
sensitive than X-rays or CT scans in assessing the
soft tissue anatomy of the body [13]. MRI has the
advantage of producing coronal, sagittal, axial, and
oblique cross-sectional images without the need to
change the patient's body position significantly. In
addition, MRI makes it easier to identify organs at
risk (OARs) around critical areas close to the target
boundary [14]. As such, this technology is highly
effective for detecting disruptions in soft tissue [12].

The Particle and Heavy lon Transport code
System (PHITS) is a nuclear radiation transport
simulation software created by the Japan Atomic
Energy Agency (JAEA) [15]. The PHITS program
can model almost any type of radiation in three-
dimensional (3D) geometry [16]. PHITS has the
advantage of being able to simulate various particles
with energies up to 1 TeV per nucleon [17], which is
higher than other software, such as MCNPX, that
limits the energy of X-rays to 100 GeV and electrons
to 1 GeV. In addition, PHITS is designed for a wide
range of applications, including radiation research,
cancer therapy, and particle transport analysis,
making it a more flexible and suitable choice for
simulation needs. PHITS codes can calculate doses
for different types of radiation. As such, PHITS can
be used to simulate X-ray therapy beams using voxel
or phantom models [18].

The importance of accurately selecting and
applying ionizing radiation dosimetry, especially for
low exposures, cannot be overstated. Dosimetry with
high sensitivity is a crucial choice because it can
accurately measure the amount of a patient's
radiation exposure[19]. The use of proper radiation
dose is important to consider before using X-ray
radiation for tumor treatment. Higher doses can
induce a higher potential for adverse effects,
emphasizing the need for robust radiation protection
protocols [20].

2. RESEARCH METHOD

Simulation of liver cancer therapy using X-ray
therapy with the PHITS program aims to determine the
optimal dose and direction of irradiation to maximize
treatment effectiveness while minimizing damage to
healthy tissue around the target area. The simulation
process begins with the creation of a geometric model
of the liver organ and surrounding tissues based on
medical imaging data, such as CT or MRI. Next, the
X-ray radiation source parameters, such as energy,
intensity, and irradiation angle, were specified as an
input for the PHITS program. Simulated data in the
form of dose distribution for the target organ and
surrounding tissues were analyzed to evaluate the
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irradiation efficiency. The analysis involves the
calculation of important parameters such as irradiation
time, total absorbed dose, effective dose, and
equivalent dose.

The reference phantom voxel selected was an
adult American male Oak Ridge National
Laboratory (ORNL) phantom, seen in Figure 1. The
dimensions and configuration of the organ geometry
are based on the ORNL phantom. However, in this
simulation, the organs used are limited only to the
middle part of the body, not the whole body. This
simulation is more focused on the cancer cells found
in the target organ, according to the type of case
chosen.

Figure 1. Phantom ORNL male American adult [21]

In addition, the system for X-ray therapy
simulation was the ELEKTA Precise LINAC,
specifically the Versa HD model [22]. Yaghmai et al's
research in 2013 was used as one of the references to
set parameters and project cancer cells in this study
[23].

2.1. Modeling the shape of the patient's body and
its organs

This study utilized the Monte Carlo method
used in the PHITS program, which utilizes random
probability to obtain precise results. In a medium,
particles interact and move randomly. These
relationships are stochastic but are influenced by the
probability or response of the material to the
particles. The process of movement and association
between particles is referred to as particle transport.
Particle transport calculations are crucial in the field
of nuclear physics to understand various physical
guantities associated with radiation [24].
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Figure 2. MRI imaging of a 56-year-old male patient with
cirrhosis due to chronic hepatitis C virus infection and
hepatocellular carcinoma (HCC). (A) A hyperintense
HCC measuring 3.8 cm (marked by the arrow) is located

in segment VIIl. (B) The 3D unenhanced gradient-
recalled echo (GRE) reveals that the HCC (indicated by
the arrow) appears hyperintense [25].

To simulate the radiation transport process
within the human body, phantoms have been created
using a variety of materials that mimic human tissue.
These phantoms are utilized to measure the radiation
dose given to patients and to analyze the
effectiveness of imaging systems [26]. A phantom
was developed to replicate the imaging
characteristics of body tissues. The specific
phantom used is the ORNL model representing an
adult American male [27]. This research focuses on
individuals who have advanced primary liver cancer
(C) with a tumor measuring 3.8 cm, as illustrated in
Figure 2, where this stage of cancer is confined to
the liver and has not metastasized to other areas of
the body beyond the liver [28]. The total amount of
radiation administered for this stage of liver cancer
is approximately 30-50 Gy, with a daily dose
ranging from 6 to 15 Gy, or around 45 to 50 Gy at a
daily dose of 2 Gy [29].

The input file for each tumor volume was
different for each organ, which will certainly affect
the dose calculation for each phantom [30]. The
heart geometry is defined as an elliptical cylinder
truncated by a flat plane. Mathematically written as

in (1)[27],
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with the value of a =16.50; b =8.00; x,,, =
35.00; y,,, =45.00; z,, = 43.00; z; =
27.00; z, = 43.00 cm and volume 1830 cm3.

Description:
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Figure 3. Axial body tissue modeling in 2D

The Clinical Target Volume (CTV) is
established by expanding the Gross Tumor VVolume
(GTV) margin by 2 to 4 mm. The Planning Target
Volume (PTV) is defined by further expanding the
CTV margin in three dimensions by 5 to 10 mm
[31]. There is no standardized measurement for the
CTV-PTV margin because of variations in body
fixation methods and the accuracy of equipment
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across different hospitals. This study utilized CTV
with a margin of 2 mm and PTV with a margin of 5
mm, as illustrated in Figure 3. The cancer cell
density in hepatocellular carcinoma (HCC) is 1.20
[32], while the density of the liver organ was 1.060
[33].

Organs at risk (OAR) of radiation exposure when
treating liver cancer are the liver, heart, right kidney,
esophagus, stomach, colon, and duodenum [34].
However, before the radiation hits these organs, it
will pass through other tissues such as the skin and
ribs.

2.2. Modeling a Linear Accelerator

The initial stage in this research is to create the
geometry of the LINAC head with a tungsten target
using the PHITS program. The X-ray mode of the
LINAC head is made up of several components,
including the target, primary collimator, flattening
filter, monitor chamber, and secondary collimator
(JAWS). For the simulation of X-ray calculations,
the geometry includes a flattening filter, two pairs of
block collimators, and a multi-leaf collimator. An
incident beam with an energy of 10 MV and its
corresponding energy distribution behind the metal
target were used [19]. The simulation parameters are
shown in Table 1.

Table 1. Parameters of the ray model in the simulation

No Parameters Description

1. Beamenergy [35] 10 MeV

2. Particle [22] Electron

3. Beamintensity [22] 0.6653

4. Normalization factor 1.12 x 10?5

5. Size of beam 0.5cm

(radius)

6. Irradiance angle 0°,45°,90°
variation [36]

7. SSD [37] 80 cm

8.  Particle count in the 100.000
simulation

9.  Total batches in the 50
simulation

When high-energy electrons collide with a
heavy metal target, the LINAC produces high-
energy X-rays used in radiotherapy procedures [7].
The accelerated electrons in a LINAC can also be
directly utilized for radiotherapy without the need
for heavy metals to generate X-rays. In this study,
the target heavy metal used to generate X-rays was
tungsten. The distance from the target area to the
surface of the patient’s skin is referred to as the
Source Skin Distance (SSD). This distance is crucial
in controlling the radiation dose administered to the

patient. A greater SSD results in a reduced dose
administered to the patient, usually a standard SSD
size of 80 or 100 cm. However, in some situations,
the SSD can be adjusted according to the patient's
needs [37]. In this study, an SSD distance of 80 cm

was used.

Description:

Outer shielding
Target (tungsten)
Primary collimator
Flattening filter
Shielding in
Secondary collimator
(JAWS)

ogokrwnE

Figure 4. Linear Head Modeling of Accelerators

The angle of the irradiation beam is adjusted to
align with the geometry of the organ's location that
is to be simulated [30]. The irradiation was
performed using the linear accelerator head design
shown in Figure 4. The irradiation was performed
with the beam from the front to the back of the
phantom, or Anterior-Posterior (AP), with angles of
0°, 45°, and 90°, as shown in Figure 5.

(@) (b) (©
Figure 5. Visualization of the irradiation direction of X-
ray therapy, (a) irradiation from the front to the back of
the body (Anterior-Posterior (AP)), (b) irradiation from a
45° angle on the right front of the body (Right Anterior
Oblique), (c) Irradiation from the right side of the body
(Right Lateral) at a 90° angle on the right side.

The maximum energy generated by a 10 MV
LINAC is 10 MeV. The X-ray energy generated by
the 10 MV LINAC is 10 MeV. The requirement for
this accelerator is that the vertical irradiation current
beam at 10 MeV must be at least 1.8 mA [35]. The
majority of electrons' kinetic energy converts to heat
in the target, while a small fraction is released as X-
rays, which are categorized into two groups:
characteristic X-rays and bremsstrahlung X-rays.
Operating tolerance of Linac model Versa HD
+ 10%. Through the current, the normalization
factor is obtained with (2) to determine the dose rate
as follows [38],

I1[C/s] X T [s] XF (2)

Normalization factor = - ,
charge per unit particle
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where [ is the appliance current (A), T is the time (s),
F is a Duty Factor (%), and the charge per unit
particle used electron particle the charge is equal to
1,602 x 1071° C/s. The normalization factor is used
as a multiplier for the tally deposit parameter,
resulting in the particle distribution.

2.3. Determine the Radiation Dose

Dose rate refers to the amount of radiation dose
received per unit of time, where the dose represents
either the amount of radiation in a radiation field or
the quantity of radiation energy absorbed or
encountered by a material. From the output dose rate
obtained through simulation, irradiation time,
equivalent dose, absorbed dose, and effective dose
were calculated.

The irradiation time is calculated by dividing
the minimum dose needed to damage cancer tissue
by the dose rate, as shown in (4) [39]. In this context,
the minimum dose that can damage cancerous tissue
is 45 Gy.

;. P . minimum dose of damage in cancer (G
irradiation time (s) = f 9 @) (4)
total dose rate (Gy / s)

Absorbed dose refers to the quantity of energy
deposited in human tissue by radiation [26]. The use
of the proper amount of radiation dose is important
to consider before using X-ray radiation as a
medical option. The higher the dose received, the
greater the negative effects, so radiation protection
is important [21].

Once the irradiation time is set, the dose
received by the organ can be determined. The total
dose is then analyzed to ensure it stays within the
acceptable limits for healthy organs or Organs at
Risk (OAR). The absorbed dose is calculated using
equation (5)[40].

Absorbed dose (Gy) = Dose rate (Gs—y) X iradiation time (s) (5)

The standard unit for measuring absorbed dose
is joules per kilogram (J/kg), and it is specifically
referred to as Grays (Gy) [33]. The absorbed dose
(Gy) is commonly used as the main metric for
predicting therapeutic effects on tumors and
potential side effects on normal tissues in both
preclinical and clinical studies [41]. The maximum
safe skin dose for radiation-induced reactions is 2
Gy. The tolerance threshold in the liver is 4.1 Gy per
fractionation.

The equivalent dose (Hy) is calculated by
multiplying the absorbed dose (Drg) by the
radiation weighting factor (wg), which indicates the
relative effectiveness of different types of radiation
in causing biological damage. Mathematically, the
equivalent dose is obtained as (6) [33],

Hy = Z WgDr g (6)
R

where Hp represents the equivalent dose, which
assesses the effect of radiation on organ T,
considering the type of radiation received. Drp
refers to the average absorbed dose received by an
organ or tissue from radiation of a specific type R,
and wy, is the radiation weighting factor. The wy, is
applied to determine the equivalent dose based on
the average absorbed dose to a tissue or organ. For
instance, the weighting factor for X-ray radiation is
wg =1[33].

The effective dose (E) is the total of equivalent
doses for all organs and tissues in a given body,
weighted by the respective tissue factors, as
expressed in (7) [33],

E= Z wypHy %)

T

where E represents the effective dose, which
quantifies the body's radiation risk. In this context,
different organs' sensitivity to radiation is
considered. H; denotes the equivalent dose, and wy
Is the tissue weighting factor, a metric used to adjust
the equivalent dose in an organ or tissue T to reflect
its relative contribution to the total radiation-related
stochastic effects [33]. In this study, the weight
factors of skin and liver tissues were 0.01 and 0.04,
respectively [42].

Percentage Depth Dose (PDD) refers to the
percentage of the dose delivered at a specific depth
relative to the dose at the maximum depth [43]. To
determine the maximum dose and depth distribution
that will be received by the patient's body, dose
profile curves and percentage depth dose (PDD) are
used [44].

3. RESULTS AND DISCUSSION

The absorbed dose in liver cancer therapy using
X-ray therapy is obtained by processing the dose rate
output from the therapy simulation with the PHITS
program. The dose rate obtained is then compared
with the minimum dose required to eliminate cancer
cells, based on the referenced data. The output dose
rate distribution from the PHITS simulation is
illustrated in Fig. 6. and Fig. 7.

Figure 6 displays the radiation dose distribution
in X-ray therapy for a liver cancer case. In Fig. 6(a),
the dose distribution is shown for the anterior-
posterior (AP) irradiation direction, in Fig. 6(b) for
the Right Anterior Oblique (RAOQ) direction, and in
Fig. 6(c) for the Right Lateral (RL) direction. In the
AP direction, the body faces directly in front of the
radiation source. In the RAO direction, the body is
directed forward at an angle of 45 degrees to the

21
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radiation source. Meanwhile, in the RL direction, the
body faces to the left side, equivalent to an angle of
90 degrees from the front position. The colors in the
figure reflect the radiation dose intensity, with red
indicating the highest dose area focused on liver
cancer cells as the target of therapy. Conversely, the
blue color indicates lower radiation intensity,
indicating minimal exposure to the surrounding
healthy tissue. This distribution is designed to
deliver optimal doses to the cancerous tissue in the
liver while reducing radiation exposure to other
organs and tissues outside the target area.
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Figure 6. Simulated particle distribution, (a) Irradiation
from front to back of the body (Anterior-Posterior (AP)),
(d) Irradiation from 45° angle on the right front of the
body (Right Anterior Oblique (RAO)), (c) Irradiation
from the right side of the body (Right Lateral (RL)) 90°
angle on the right.

Figure 7 displays the radiation dose distribution
focused on the cancer cells with various irradiation
directions. In Figure 7(a), the dose distribution is
shown for the Anterior-Posterior (AP) irradiation
direction, in Figure 7(b) for the Right Anterior
Obligue (RAO) direction, and in Figure 7(c) for the
Right Lateral (RL) direction. The horizontal axis
indicates the depth of radiation penetration into the
body, while the vertical axis represents the width of
the exposure area. The colors in the figure depict the
radiation dose intensity, where red indicates the area
with the highest dose focused on the liver as the main
target of therapy. In contrast, green to blue colors
indicate areas of lower radiation intensity, reflecting
decreased exposure to healthy tissue surrounding the
target.
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Figure 7. Particle distribution focused on liver cancer
cells, (a) irradiation from front to back of the body
(Anterior-Posterior (AP)), (b) irradiation at a 45° angle on
the right front of the body (Right Anterior Oblique, (c)
irradiation from the right side of the body (Right Lateral)
at a 90° angle on the right).

The X-ray therapy dose rate graph shows how
the radiation intensity varies at various depths in
each tissue or medium. The difference in dose rate
for different irradiation directions (0°, 45°, and 90°)
is due to several main factors, including the size of
the irradiation angle, the Compton effect, and
photoelectricity. When X-rays enter the skin surface
perpendicularly (at an angle of 0°), the radiation
energy is spread more evenly throughout the tissue it
passes through. Therefore, as shown in Figure 8, the
dose rate will gradually decrease as the radiation
energy is absorbed by the tissues along its path. At
larger irradiation angles (e.g., 45° and 90°), the X-
rays will take a longer path through the tissue before
reaching the same point below the surface.
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Figure 9. RAO irradiation dose rate graph
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Figure 10. RL irradiation dose rate graph

This can increase the dose rate before reaching
the skin because, at oblique angles, some of the X-
ray energy may undergo reflection or Compton
scattering, which amplifies the radiation dose in
areas closer to the surface. Also, at larger angles, the
longer path through the tissue can cause additional
scattering, which increases the localized dose rate
before reaching the skin surface. So, in the 45° and
90° angle dose rate graphs, there is an increase in the
dose rate before reaching the skin, as seen in Fig. 9.
and Figure 10.

From the three graphs, the dose rate data in the
skin, liver, and cancer cells are obtained as shown in
Table 2. After obtaining the dose rate for cancer
cells (GTV), the irradiation time can be determined
using calculations through equation (4). The
radiation time needed so that the dose received does
not exceed the dose threshold limit on body tissues,
especially on the skin, which is 2 Gy. This is

because the skin is the first tissue exposed to
radiation directly. Irradiation time data is obtained
in Table 3.

Table 2. Dose rate data simulated
Dose Rate (Gy/s)

Organ

AP RAO RL
Skin 0.014645 0.016559 0.017104
Liver 0.013975 0.016047 0.017097
GTV 0.013548 0.016047 0.015084
CTV 0.013548 0.016047 0.015084
PTV 0.013548 0.016047 0.015084

Table 3. Irradiation time and beam-on time

Total Treatment Beam-on Time

Ang!e of Time
Irradiance - -
seconds minutes seconds minutes
AP 3562 59.4 137 2.28
RAO 3025 50.4 121 2.01
RL 3159 52.7 117 1.95

After obtaining the irradiation time and
duration, the absorbed dose in one fraction is
obtained through the calculation with equation (5),
as shown in Table 4. The equivalent effective dose
values can be calculated by multiplying the
absorbed dose by the radiation weighting factors and

the tissue weighting factors, as shown in Table 5.

Table 4. Absorbed dose in one fraction

Dose (Gy)
Organ  Dose AP RAO RL
Limit (09 (45°) (90°)
Skin 2.0 2.00 2.00 2.00
Liver 4.2 1.91 1.94 2.00
GTV 2.0 1.85 1.94 1.76
CTV 2.0 1.85 1.94 1.76
PTV 2.0 1.85 1.94 1.76
Table 5. Simulated dose calculation
Angle of Number Total Pose .
Irradiance fra(:()t];ons Organ abs(o(;s;ion eqzg;)lent Efzgf/t)lve
Skin 52.2 52.2 0.52
Liver 49.8 49.8 1.99
0° 26 GTV 483 48.3 -
CTV 483 48.3 -
PTV  48.3 48.3 -
Skin 50.1 50.1 0.50
Liver 485 48.5 1.94
45° 25 GTV 485 48.5 -
CTVv 485 48.5 -
PTV 485 48.5 -
Skin 54.0 54.0 0.54
Liver 54.0 54.0 2.16
90° 27 GTV  47.7 47.7 -
CTv 417 47.7 -
PTV  47.7 47.7 -

23
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Based on a review of the irradiation duration for one
fraction in each direction, as shown in Tables 4 and
5, the Anterior-Posterior (AP) direction (front
direction) requires a duration (Beam-on Time) of
2.28 minutes for each fraction, with a total fractions
required to reach the dose limit capable of Killing
cancer cells of 26 fractions. In the 45° angle
irradiation direction on the right front of the body
(Right Anterior Obligue - RAO), the irradiation time
of each fraction is 2.01 minutes, with a total of 25
fractions needed. Meanwhile, in the irradiation
direction from the right side of the body (Right
Lateral), the irradiation duration per fraction was
1.95 minutes, with a total of 27 fractions required.
The dose per fraction and the total dose absorbed
into cancer cells for irradiation angle of 0° are 1.85
Gy and 1.94 Gy, while at 45° are 1.76 Gy and 48.3
Gy, and at 90° are 48.5 Gy, 47.7 Gy.

® threshald absorbed dose 90 degree 45 degree 0 degree
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Figure 11. Absorbed dose of one-time fractionation

Figure 11 presents the absorbed dose data for
each organ. The data show that the three variations
of irradiation direction did not produce absorbed
doses in one fraction that exceeded the safe
absorbed dose tolerance threshold for the organ[45].
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Figure 12. PDD graph of x-ray therapy simulation of
three variations of irradiation direction (AP, RAO, RL)

The PDD graph shown in Figure 12 is in line
with the PDD theory, which states that it will show

a decrease in the context of X-ray therapy. This
decrease in the PDD graph is influenced by several
factors, including the Compton effect, photoelectric
effect, and pair production effect. When X-rays are
directed at an angle of 0 degrees, they are directed
directly at the target tissue without any angle
adjustment. At this angle, the X-rays only penetrate
through a direct path to the tissue, which may lead
to higher dose concentrations along the path. This
increases the risk of uneven dose and excessive dose
concentration in certain areas. In contrast, when X-
rays are directed at a 45-degree angle, the angle
creates optimal conditions for penetration into the
tissue. At this angle, the X-rays spread more evenly,
resulting in a more balanced dose distribution across
the target area, especially in deeper tissues. At larger
angles, such as at 90 degrees, the X-rays are directed
perpendicular to the target surface, which results in
a more complex dose distribution. At this angle, the
X-rays pass through the tissue in multiple directions,
creating a less controlled distribution pattern, and
may reduce penetration efficiency in deeper tissues.

X-ray therapy relies on the interaction of X-
rays and cells in the body, where hydrogen, as the
main component of biological tissue, exhibits
specific characteristics in radiation absorption. The
main interaction of X-rays with body tissues occurs
through the Compton effect, in which high-energy
X-rays interact with electrons in hydrogen atoms.
When an X-ray collides with an electron, some of
the energy is transferred, causing the electron to
accelerate and altering the X-ray’s direction. This
process results in scattering that reduces the energy
of the remaining X-rays and contributes to a
decrease in the radiation dose in the surrounding
tissue. The photoelectric effect occurs when X-rays
are absorbed by a material, decreasing the number
of X-rays penetrating the tissue. Although the
photoelectric effect is less common in hydrogen, it
can also affect dose absorption in tissues, especially
when X-rays have enough energy to be absorbed by
electrons in the atom's shell. This effect leads to a
loss of X-rays that can penetrate the tissue, reducing
the dose that potentially damages healthy cells.
Additionally, when high-energy X-rays interact
with matter, they can produce electron-positron
pairs. This pair production process reduces the X-
rays’ energy, further decreasing the number of X-
rays able to penetrate the tissue.

At an angle of 45 degrees, most of the absorbed
X-rays interact effectively with the tissue without
exceeding the safe dose threshold. The PDD graph
shows that the dose received by the tissue at a
certain depth remains within safe limits, which is
very important for preventing damage to healthy
tissue. This shows that a 45-degree angle is not only
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optimal for dose distribution, but also significantly
reduces the risk of damage due to X-ray interaction
with body tissues.

4. CONCLUSION

Based on the analysis of the beam-on time and
the total number of fractions required for each
irradiation direction, the 45° angle irradiation
direction at the right front of the body (Right
Anterior Oblique - RAOQ) is identified as the most
optimal approach. RAO requires a relatively short
irradiation time per fraction (2.01 minutes) and
requires a smaller number of fractions (25 fractions)
compared to other directions. Despite this
efficiency, RAO still delivers an effective
therapeutic dose capable of killing cancer cells. Up
to 1.94 Gy per fraction, with a total absorbed dose
of 48.5 Gy. This finding demonstrates that RAO is
an efficient choice in terms of time management and
the number of fractions required to achieve an
effective therapeutic dose in Killing cancer cells.
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