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Abstract. In this work, we discussed some of the applications which X-rays and electron beam used in radiotherapy
for tumor treatments. This study has been performed at Radiation Oncology Department, Medicine Faculty in
Gaziosmanpasa University by using the VARIAN CLINICA DHX linear accelerator which is operated in the range of
6 MeV - 15 MeV. Processes for the treatments that X-rays used for pancreas, bladder and prostate tumors and the

processes that the electron beam used for some of the derm tumors are studied. Effects of X-rays and electron beams
to treatments process are examined and the obtained results are presented comparatively.

1 Introduction

Radiation can be defined as particle radiation and the
electromagnetic waves. Alpha, beta, neutron and heavy
ions are particle radiation. The wave radiations (photons)
are gamma, X-ray, ultraviolet, visible light, infrared and
radio waves [1].

The discovery of X-rays leads to important
developments in physics and medical science. It is also
give rise so called nuclear physics and radiology. X-rays
was discovered in 1895 by Wilhelm Conrad Rontgen. In
order to produce X- rays first free electrons must be
produced then they must be accelerated and must be
collided to a target [2]. It is discovered in 1900 that X-
rays are harmful to human tissue but also it is recognized
that it can be used to scale down the malignant tumor or
even to remove it all from the body [3]. The electrons are
also used in radiotherapy for treatment purposes.

Radiotherapy is the method used in treating cancerous
tissue with electromagnetic waves and particle radiation.
The aim of radiotherapy is to apply the maximum dose
the cancerous tissue and apply the minimum dose to
critical organs to protect the critical organ around the
cancerous tissue as possible.

In order to make a good treatment planning in
radiotherapy the concept of tumor volume terms should
be known. This volume terms is expressed by the concept
ICRU 50 (International Commission on Radiation Units
and Measurements) and ICRU 62 (1999) protocols [4].

The concept of this volume; Gross Tumor Volume
(GTV), Clinical Target Volume (CTV), Planning Target
Volume (PTV), Treated Volume (TV), Irradiated Volume
(IV), Organ at Risk (OAR) and Planning Organ at Risk
Volume (PRV).
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Figure 1. The schematic view of ICRU50 and ICRU62 volume
terms.

In addition, the determined dose during radiotherapy
can be administered to patient accurately and to obtain
the planned dose distribution the appropriate position to
the patient must be given, patient movements must be
minimized and it is required that the patients always must
be in the same position during the treatment [5].

2 Material and methods

X-Ray beam with 6 MV and 15 MV energies and
electron bundles between 6 MeV and 18 MeV was
produced by Varian Clinac DHX model 5576 linear
accelerator device in Gaziosmanpasa University Medical
Faculty Oncology Department.

Radiotherapy process, used in X-ray treatment for 5
"prostate cancer" patients and 4 "bladder cancer” patients
while the electron beam treatment is applied to 4 "derm
cancer" patients. The absorbed dose amount was checked
and the amount of X-ray that critical organs were
exposed checked and compared.

Linear Accelerator devices are used for producing X-
ray by increasing the electron energy by using high
frequency electromagnetic fields through a long tube [6].
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High energy electron bundles can be used for treatments
of surface tumors while the X-rays that are reproduced by
the electrons hitting to a target are used for the treatment
of the tumors that located deeper in the body [7].

In this study two different cases where the X-rays and
case where the electron bundles are investigated.

3 Results

In this work by obtaining IMRT planning dose-volume
histograms for five prostate, four bladder and four derm
patients, the irradiation of target volume (PTV) and
absorbed dose of critical organs around are compared. In
this comparison the mean dose, min. and the max. dose
values are investigated. The homogeneity index which is
a measure of dose homogeneity is the ratio of the
maximum absorbed dose of the whole target volume to
the 95 % maximum absorbed dose.

PTV.
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PTV, . 1is max. dose values of PTV and PITV,,, the
ninety five percent of PTV is the dosage value [4].

3.1 The prostate tumor

In this treatment a 6 MV photon beam is applied 5
different prostate tumor patients, choosing 7 area
locations in order to protect critical organs by using the
IMRT planning technic A daily dose of 2 Gy to all
patients has been implemented for 33 days. The iso-dose
curves for the fifth prostate patient can be seen in Fig. 2

[8].

Figure 2. The treatment planning using IMRT technic for the
fifth prostate patient.

The histogram in Fig. 3 for the fifth prostate patient
the PVT min dose is 4730 cGy, max dose 7072 cGy and
the mean dose 6690 cGy [9].

The PTV min, max and mean volume dose
distributions for the 5 prostate patients can be seen
simultaneously in Table 1.

Figure 3. The IMRT planning dose-volume histogram for the
fifth patient. The line colors red, orange, brown, and yellow
present CTV, PTV66, rectum and bladder, respectively.

Table 1. The min, max and mean dose distributions for prostate

patients.
PTV
Patient | Volume | Min Max Mean
No (cm”3) dose dose dose
(cGy) (cGy) (cGy)
1 372 6404 6992 6829
2 390 6323 6971 6902
3 320 6452 7163 6911
4 303 6049 7036 6745
5 379 4730 7072 6690

3.2 The bladder tumor

In the treatment of 4 different bladder tumor patients, a 6
MYV photon beam is applied, choosing 7 area locations in
order to protect critical organs and the IMRT planning
technic is used. A daily 2 Gy dose for all patients has
been implemented for 25 days. The iso-dose curves for
the first bladder patient can be seen in Fig. 4.

Figure 4. The treatment planning using IMRT technic for the
first bladder patient.

The histogram in Fig. 5 for the first patient the PVT
min dose is 4855 c¢Gy, max dose 5280 cGy and the mean
dose 5072 cGy [9].
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Figure 5. The IMRT planning dose value histogram for the first
patient. The line colors red, brown, orange, pink, and yellow
present bladder, rectum, prostate, LN and PTV-rectum
respectively.

The PTV min, max and mean volume dose
distributions for the 4 bladder patients can be seen
simultaneously in Table 2.

Table 2. The min, max and mean dose distributions for bladder
atients.

HI (PTV)
Patient No Prostate Bladder
1 1.02 1.04
2 1.00 1.01
3 1.03 1.06
4 1.04 1.03
Mean 1.02 1.04

Table 3. The hemogenic index values for PTV obtained from
prostate and bladder patients.

PTV

Patient | Volume | Min dose | Max dose Mean
No (cm?) (cGy) (cGy) dose
(cGy)

1 372 6404 6992 6829

2 390 6323 6971 6902

3 320 6452 7163 6911

4 303 6049 7036 6745

5 379 4730 7072 6690

3.3 The derm tumor

In the treatment of 4 different derm tumor patients, using
the IMRT planning technic, a 6 MV photon beam is
applied, and only one area location is selected. A daily 3
Gy dose of electron treatment for 10 days for all patients
has been implemented. The data obtained from the third
patient can be seen in Fig. 6.

The histogram obtained from the marker points in Fig.
7 for the third patient, the min dose is 4855 cGy, max
dose 5280 c¢Gy and the mean dose 5072 cGy respectively.

The min, max, and the mean absorbed dose
distributions with wire belong to the patients who have
practice surgery before can be seen in Table 4.

The min, max, and the mean absorbed dose
distributions with marker belong to the patients who have
not practice surgery before can be seen in Table 5.

Figure 6. The treatment planning using IMRT technic for the
third derm patient.
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Figure 7. The IMRT planning dose-value histogram for the
third patient. The line colors red present marker.

Table 4. Wire dose distributions in derm patients

TEL
Patient | Volume | Min dose | Max dose | Mean dose
No (cm”3) (cGy) (cGy) (cGy)
1 42 1712 3311 2629
2 52 23 3558 1915
Table 5. Marker dose distributions in derm patients
MARKER
Patient | Volume | Min dose | Max dose | Mean dose
No | (em*3) | (¢Gy) (cGy) (cGy)
1 1.8 0 3747 2685
2 3.5 2539 3988 3554

4 Discussion

In this work, we discussed some of the applications
which X-rays and electron beam used in radiotherapy for
tumor treatments. In this respect we apply X-rays on to
prostate and bladder tumors and electron beam on to
derm tumors.

A 6 MV photon beam is applied 5 different prostate
tumor patients, choosing 7 area locations in order to
protect critical organs by using the IMRT planning
technic. A daily dose of 2 Gy to all patients has been
implemented for 33 days. In Table 1 PTV, rectum and
bladder min., max. and mean volume dose distributions
obtained from 5 prostate patients can be seen
simultaneously.

In the treatment of 4 different bladder tumor patients
we have used the same conditions as in prostate case
except this treatment have taken 25 days long. The
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obtained results belong to bladder tumor treatment can be
seen in Table 2.

The minimum dose means the maximum dose
absorbed by all the target volume (100 %). It is crucial
that the maximum dose is very close to the minimum
dose to homogenize the PTV. It can be concluded that the
maximum dose is so close to the minimum dose which is
planned to be irritated to the whole target volume when
the Table 1 and Table 2 are compared. The critical organs
absorbed few dose during the applications. The
homogeneity index values for all prostate and bladder
patients can be seen in Table 3. The mean homogeneity
index value for prostate patients is HI=1.02 while for
bladder patients this quantity takes HI=1.04 value. It can
be concluded from Table 3 that a hemogenic dose
distribution is obtained. These values show good
agreement with the reference value HI=1 [4].

In the treatment of derm tumors the electron beam is
applied to the patients. The absorbed electron beam doses
can be seen in Table 4 and Table 5. The results in Table 4
belongs to the patients who have practiced surgery before
while the results in Table 5 belongs to the patients who
have not practiced any surgery so far.
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