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Abstract: CT images were read and a 3D model of the tumor was created in the liver area, Then the values of the radiation
dose in terms of the depth resulting from (photons, neutrons and protons) were estimated and studied using the code
(MCNP) after entering the data into it.

The value of the radiation dose in terms of depth and curvature in photons, neutrons and protons radiation therapy was
studied, from our findings in the research we note that protons are the best option for radiation therapy for high-depth liver
cancer of photons and neutrons due to the lower dose at entry compared to the dose absorbed in the tumor area and its
ability to deliver a greater amount of dose of neutrons and photons to the tumor area.

We note that the values reached are acceptable for the treatment of tumors at a depth close to the surface. As for a large-
depth tumor, it is necessary to increase high-energy radiation doses deep in the tumor area by accelerating proton therapy

to protect natural organs from high-energy radiation doses.
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1. Introduction.

Cancer is a disease that affects the cells of the body, which is the main mass in the construction of
the body and liver cancer is one of the most common tumors in the world, and is classified as the third
most common type of tumor, and chronic liver infection due to hepatitis C viruses, advanced liver waxing
and other hepatic infections are the most important factors in causing liver cancer.

Radiation therapy is one of the treatment methods used in the treatment of different types of
cancer, where radiotherapy employs the different applications of ionizing radiation to destroy the
structure of cancer cells and treat tumors, which is either external radiation therapy using X-rays and
gamma rays, or internal radiotherapy that is given to the patient through Radioactive materials, or
systemic radiotherapy, this treatment uses a radioactive substance given orally or intravenously, such as
radioactive iodine [1, 2].

The widespread use of ionizing radiation applications has contributed to treating cancers and
increasing cure rates. The interaction of ionizing radiation with matter is one of the basics of studying and
understanding the behavior of ionizing radiation, radiation doses, and prevention. these concepts sought
to design and build many radiological devices such as nuclear detectors and radiation dosimeters, as well
as contributed to the development of many applications of ionizing radiation in several areas, the most
important of which is the medical field, with its diagnostic and therapeutic branches, and the interaction of
radiation with matter is classified according to the type pf particles, to:

- Theinteraction of photons with matter
- The interaction of neutrons with matter
- Theinteraction of protons with matter

As for the physical quantities used to express exposure to ionizing radiation, they have been set
by international organizations concerned with radiation protection matters such as; the international
committee of radiation protection and the international committee of radiation units which including,. [3,
4]:

Radiation dose: it includes the total amount of radiation absorbed by the material or living
tissues.

Absorbed dose (D):which represented by the relationship:

D_E
—M(G}’)
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The equivalent dose (H): which represented by the relationship: H = D X Wh
Where Wh is the coefficient of radiation.
Effective dose (E): E = ). WyHp

E =Y Wr Y DgWg

The relationship between the probability of occurrence of random effects of radiation damage
such as cancer and between the equivalent dose depends on the type of organ or tissue exposed to
radiation. so a quantity associated with the type of organ WT and its values vary depending on the type of

organ affected by radiation and take the values:

Bone marrow Bladder
Skin and

Element type | Genital gland Colon Chest Whole body
bones

stomach Thyroid gland
WT 0.2 012 0.05 0.01 1

2. Material and Methods.
The material: Laptop — MCNP code- CT images
The methods: The Monte Carlo method represented by the MCNP code was adopted in this

research in order to:

modeling the medical linear accelerator channel, i.e. modeling the electronic beam selector used
from the electronic beam composed of lead and aluminum to produce a radial square with

dimensions (10 X 10 )sz atdistance Ssd = 100 cm

- modeling a tungsten target in front of the accelerator channel and calculating the dose deposited
in the liver resulting from the interaction of the accelerated electrons with the target used

for the primary energy of electrons (6-9 MeV) used a Gaussian distribution which is expressed by

relationship, ref. [5]:

p(E) = C * exp I— (E — b>zl e (D)

a

A: the width of the beam in (MeV) and it took value (FWHM=0.01 MeV)

B: medium energy (MeV)

As for the section energy: E.,p = 0.512MeV

This data had entered into MCNP code for processing.

The studied case: the study was carried out on a patient after imaging the liver area to examine
the condition. The 50-year-old patient was photographed using a Toship Asteion MEC with a thickness of

7mm at a voltage of 120KVP and a current 200 Ma,
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Figure 1 shows a three-dimensional model of the liver area for the studied case, which was built

using the Matlab program.

Figure (1) shows a three-dimensional model of the liver area for the studied case

After that the images were read using Matlab program to extract the values of imaging numbers
from each cross-sectional image with dimensions (512*512) and spatial accuracy up to
(1.0244pixel/mm), the imaging number values for each pixel in each image were then converted to a
special component number, using the component number, each material is identified in the code input

file, up to the filling of this material in the size element corresponding to a voxel per pixel.

Work' algorithm:

1- scanthe patient using a CT device

2- reading CT images in Matlab using the instruction DICONINFO, DICOMREAD

3- Storing the values of the color levels of each image within a square matrix (512*512)

4- using repetition loops (FOR) and comparison relationships (IF) to replace the values of the imaging
number corresponding to specific field with the component number (universe number)

5- store the resulting matrix of component number values (512*512) to be filled later in the
corresponding layer in the 3d model

6- reducing the image to the dimensions of (325%171) to be read using the code MCNP

7- Create a three-dimensional model in the form of a rectangular prism divided into a number of small

elemental volumes, each of which has a volume (0.2*¥0.2*1 cm® ) using the code MCNP, the length
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and width of this model (on the X, Y axes)is determined by the dimensions of the medical image,

While the height of this model (on the Z axis) is determined by the number of clips of the studied area.

8- write a working algorithm using Matlab to fill each volumetric element in the 3d model in the code
input file with the value of the special component number stored previously in step 5

Figure 2 shows an example of one of the sections after processing and exporting to the code input

file MCNP where it gives the accumulation of sections according to the dimension Z model three-

dimensional of the studied area.

Figure (2) one of the sections after processing and exporting to the code input file MCNP

3. Results and calculations:
the amount of radiation dose deposited in the liver area (the tumor area) was estimated for the
model that was built based on CT DICOM images for different radiation beams:
- abeam of photons with a diameter of 1cm resulting from accelerating electrons to energy 9MeV
on a target of tungsten
- neutrons resulting from the automatic fission source cf-252 that emits a continuous spectrum of
neutrons with an activity of (2.3*1012per/g ) with an average energy 2.3MeV And half-life
2.638y [6], in this simulation, a capsule of californium with a radius of 0.19558cm was used.
- protons accelerated to the energies are 30, 50, 100, 120, 130, 150 MeV resulting from a cyclone
accelerator channel with a diameter of 0.2cm [6]
As for in figure 3 shows the changes in the absorbed dose of the photons relative to each source

particle (GY/Particle) as a function of the depth within the tissue.
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Figure (3) changes in the absorbed dose in tissues for photons (GY/Particle)
While the figure 4 shows changes for absorbed dose for neutrons resulting from CF-252 source

relative to each particle source (GY/Particle) in terms of depth within the fabric.
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Figure (4) changes in the absorbed dose of the neutrons relative to each particle source

(GY/Particle) in terms of depth within the fabric
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While the figure 5 shows changes for absorbed dose for protons accelerated to energies (30, 50,

100, 120, 130, 150) MeV relative to each particle source (GY/Particle) in terms of depth within the fabric
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Figure (5) changes in the absorbed dose of the protons accelerated to energies (30, 50, 100, 120,
130, 150) MeV relative to each particle source (GY/Particle) in terms of depth within the fabric

From figure 3 for photons we not that the dose decreases exponentially when it crosses the tissue
and it deposit the largest dose value at the beginning of the tissue (the entry point) where its
(4"‘10_12 Gy/p) , Then it enters the liver area after a distance 4cm from entering the tissue and the
dose for entering the liver region is equal (3‘4*10_126}1/}9), for the photons, an average absorbed
doseis 2* 10712 Gy /p) atthe liver region.

As for the neutrons we note from figure 4 that the amount of entry dose for neutrons at the
beginning of healthy tissue is (1*10_12 Gy /p) then they enter the liver region after distance 4cm
from entering the tissue and the dose of entry into the liver area is equal (4*10_116_’)//}9) to
deposited an average absorbed dose (3* 10712 Gy/p) , As for the protons, unlike both photons and
neutrons, protons deposit their energy locally within the tissue through the formation of the so-called
Prague summit, where the proton enters the tissue and after crossing a certain distance (range), the
positive proton picks up a negative electron and is electrically neutral to reduce its energy suddenly after it
deposits its all energy at a specific point at the end of the path, forming what is called the Prague summit
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We note from figure 5 that in order to deliver a dose via protons to the liver area, its necessary to
accelerate the protons to an energy exceeding 90MeV, from figure 5 we note that at 30MeV energy, the
proton path in this case dose not exceed a 1cm distance inside the tissue and reaches the range to about
8cm for 100MeV protons and 10 cm for “120MeV protons and 12cm for 130MeV protons, on the other
hand, the amount of energy deposited (the absorbed dose) at the end of the proton path, i.e. the Prague
peak decreases with the increase in the energy of the accelerating protons, i.e. decreases as the depth
increased so that for protons of 100MeV energy, the value of the maximum absorbed dose reaches to
(1*107%Gy/p)

And degreases at 120MeV energy for protons to the value( 7%107° Gy/p)

While for 130MeV protons it reaches the value 5* 107° Gy/p.

static errors:

The MCNP code provides the possibility of calculating the relative static errors, the variance of the
variance (vov) and the figure of merit (FOM), as shown below, the relative error, variance, vov, slope,
mean number of particles, and figure of merit (FOM) In terms of the number of events per second (NPS),
for photons in table (1), and neutrons in table (2).

Table (1) Error, difference variance, slop, mean number of particles calculated, and figure of merit

in terms of number of histories (NPS) for photons.

32000 6.99E-07 9. 72% 0.0108

64000 7.04E-07 6.91% 0.0054 0 29
96000 7.44E-07 5.48% 0.0034 0 31
128000 7.52E-07 4.71% 0.0025 0 31
160000 7.39E-07 4.25% 0.0021 10 31
192000 7.36E-07 3.89% 0.0017 10 31
224000 7.35E-07 3.60% 0.0015 10 31
256000 7.17E-07 3.41% 0.0013 10 30
288000 7.26E-07 3.20% 0.0012 10 30
320000 7.19E-07 3.05% 0.0011 10 30
352000 7.21E-07 2.91% 0.001 10 30
384000 7.19E-07 2.79% 0.0009 10 30
416000 7.26E-07 2.66% 0.0008 10 30
448000 7.30E-07 2.56% 0.0008 10 31
480000 7.36E-07 2.46% 0.0007 10 31
512000 7.35E-07 2.39% 0.0007 10 31
532264 7.37E-07 2.34% 0.0006 10 31
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Table (2) error, difference variance, slop, mean number of particles calculated, and figure of merit

in terms of number of histories (NPS) for neutrons.

nps ‘ mean error vov slope FOM
32000 1.03E-07 36.10% 0.1434 0 3.70
64000 9.36E-08 26.30% 0.0757 0 3.50
96000 9.01E-08 21.64% 0.0506 0 3.40
128000 1.07E-07 17.58% 0.0412 0 3.90
160000 1.08E-07 15.47% 0.0313 0 4.00
192000 1.02E-07 14.72% 0.0289 0 3.70
224000 1.01E-07 13.72% 0.0243 0 3.60
256000 9.39E-08 13.24% 0.0224 0 3.40
288000 9.54E-08 12.44% 0.0196 0 3.40
320000 9.24E-08 11.99% 0.018 0 3.30
352000 8.64E-08 11.83% 0.0174 0 3.10
384000 8.61E-08 11.36% 0.016 0 3.10
416000 8.76E-08 10.95% 0.015 0 3.20
448000 8.89E-08 10.60% 0.015 0 3.20
480000 9.31E-08 10.18% 0.0154 0 3.30
512000 9.32E-08 9.80% 0.0142 0 3.30
519572 9.33E-08 9.71% 0.0139 0 3.30

Conclusion.

Protons are the best choice for using it for radiation treatment to liver cancer than photons and
neutrons and that is because of the amount of low entry dose comparing with the absorbed dose at tumor
area and its ability to deliver a higher dose than both photons and neutrons to tumor area, but it's
necessary to work to reduce the intake dose to the lowest possible value while maintaining the delivery of
a quantity of the dose to the tumor area commensurate with the extent of the tumor and this is done by
using the appropriate design of the proton therapy system.

From table(1) we found that the relative error was less than 5% which is acceptable, but in
table(2) the relative error was relative high due that the MCNP code uses the physics models, which
depends on mathematical relations, in case of charged particles calculations at high energies rather than
cross section tables.

MCNPX offers options based on three physics packages [7]; the Bertini and ISABEL models taken
from the LAHET Code System, and the CEM package, which has been specially adapted by the author for
the MCNPX work. Table3 gives the working range of validity for each.
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Table (3) Summary of Physics in Intermediate Energy Models [7].

Physics Process EBertini ISABEL CEM
Method INC + EQ or INC + EQ or NC + PE + EQ
IMC # PE + EQ IHC + PE + EQ
Intranuelear Cascads Model | Berlind INC ISABEL INC Improwed Cubna |MC
Minba Carlo Technlqus “spacellke” “imelks” “spacelke”
Muclaar Densliy DMairibu- pir=p (e ir-caj1] oI = pofeapr-cya)+ 1) plri=ppiexpfir-cya1}
tion c=1.07A3 c=1.07A"3 1m c=1.07AY Im
3=0.545 Tm A=0L545 Tm a=0.545 fm
pr = {073 1-1,...2 ol = oqp0Ll-1,...16 Prill p-Fl"] =
oy=0.9, az=02 az=0.01 plr=apdg =1,...7
C|.1-|:.95, u;-l!.El ﬂ.:.,-l:.-ﬁ
ay=0.2 =01 az=0.05
ar=001
Nuclaon Potantial V=T # By Nucieon kinetic enengy Vi =Te+ By
(T Sependent potential
V=V =Ty Ty
Plzn Potantlal ==y Va=0o W= 25 Maly
Mean Nuclson Sinding By ~ 7 MV nitial By, from mass table; | By~ 7 MeV
Ensrgy the same value |5 used
thimughout the caleuation
Elemantary Cross Sections standard BERTINI INC standard ISABEL (oid) new CEMAT, 1357 updats
(o) March 1595
& = & Interactions nat conskdered aliowed niot consldansd
w4 Imtaractions nat conskdered not considered ma3y be consldared
Conditlon for passing from | oo ensrgy ~ 7 MeV differant cutnd energles P (Winor Wep W |
tha INGC atags forpandn, 3 MVEGAS | pP=D.3
code
Muclaar denslty deplation nat conskdered conskderad niot consldansd
Pra-squilibrium stage MIPM (LAHET) moded MPM [LAHET) model Improved MEM {CEMST)
Equillibrium stage Cresner moded forn, p,d, | Ovesner model forn, pod, | CEMAT model forn, p, d,
f, #He, “He emission 1, 3He, *He emisslon t, 2He *He emission
[+ fisslon) [+ ) i+ Misshon) |+ 1) i+ fisslon) (+¢)
Levwel density 2 LAHET miodeds for 3 LAHET models far CEMIT models far
a=a(Z M, E a=ajZ M, E" a=alZ N, E7)
Multifragmentation of light Ferml breakup a5 In Farmi oreakup as In Ferml breakup 3= In
niuchsl LAHET LAHET LAHET
Flzalzn modala ORML or RAL miodels ORML or RAL mideis CEM mods] for oy,
RAL fizsion fragmentaton
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