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Abstract—Brain tumor is one of very dangers type of 

cancers. It can be treated via surgery, chemotherapy, and 

radiotherapy alone or as combination. However, radiotherapy 

presents the essential treatment for brain tumor.   

The aims of this research is to study methods of diagnosis 

and treatment for brain tumor followed in Libya, and to 

compare the radiotherapy techniques carried out in Libya for 

brain tumor, with the modern radiotherapy techniques 

available and applied for brain tumor in developed countries. 

However, such modern techniques were discussed in details in 

our previous paper entitled Gamma knife for brain tumor [1].   

This research data was obtained from the patients’ files in 

the department of radiotherapy, at Tripoli Medical Centre and 

Tripoli Central Hospital, Libya. The data includes; gender, 

age, methods of diagnosis and methods of treatment.  

The results demonstrate that males and females are equal 

to have brain tumors. Brain Tumor cases are diagnosed using 

CT and MRI, and treated using surgery, chemotherapy, and 

mainly by radiotherapy. 
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I. INTRODUCTION  

The nervous system consists of two main subdivisions; 
the central nervous system (CNS), which consists of the 
brain and spinal cord, and the peripheral nervous system 
(PNS), which includes all nervous tissue outside the CNS. 
The brain is the most complex organ with a very high 
processing capacity. Brain has two main types of cells:  
neurons and glial cells. Neurons are the cells that carry out 
the brain’s major functions, whereas glial play a supporting 
role to aid and modulate the neurons activities. [2] 

A brain tumor is a mass of unnecessary cells growing in 
the brain. There are two basic kinds of brain tumors; 
primary brain tumors and metastatic brain tumors. Primary 
brain tumors start and tend to stay in the brain. Metastatic 
brain tumors begin as cancer elsewhere in the body and 
spread to the brain. [3]  

The common types of brain tumors are:- Acoustic 
Neurinoma,  Astrocytoma, Brain Stem Glioma,  Cysts,  
Ependymoma,  Germ Cell Tumors, Glioblastoma, Glioma, 

Lipoma, Lymphoma, Medulloblastoma, Meningioma, and 
Oligodendroglioma. [3] 

The symptoms of brain tumors depend mainly on tumor 
size, type, and their location in the brain. Although, 
headaches, seizures, nausea or vomiting, weakness, changes 
in vision, changes in personality or memory, and changes in 
speech is a common symptom of brain tumors that can be 
alone or combined. [4] 

Brain tumors are diagnosis by using a combination of 
physical examination and imaging facilities and might other 
laboratory tests such as angiogram and biopsy are required. 
[3] 

  The treatment methods of the brain tumors includes 
surgery, chemotherapy, and radiotherapy. Alone or 
combinations of treatment. [4] 

II. BRAIN TUMOR 

Brain tumor is a group of abnormal cells that grow in or 
around the brain. There are two types of tumor; benign and 
malignant, and two categories of brain tumors; primary or 
metastasis [3].  

The primary brain tumors are tumors that begin in the 
brain and usually do not spread to other parts of the body. 
Primary brain tumors may be benign or malignant [3]. 
Metastasis Brain Tumors or secondary tumors are the 
spread of cancer; cancer that begins in other parts of the 
body and spread to the brain by the bloodstream. A 
metastasis keeps the name of original cancer. For example, 
if the lung cancer spreads to the brain called metastasis lung 
cancer. [5] 

Benign brain tumors: do not contain cancer cells, 
usually grown slowly, rarely spreads and cells almost have a 
normal appearance under a microscope [3]. While, 
malignant brain tumors: contain cancer cells, usually 
grows quickly, and rarely spreads to other areas of the body, 
but they can spreads to other parts of the brain, located in a 
critical part of brain or causing life threatening damage. [3] 
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A.  Tumor Staging and Grading 

Grade is assigned based on the tumor’s microscopic 
appearance. Grade of a tumor indicates its degree of 
malignancy [3]. Using WHO (World Health Organization) 
grading system, tumors are grading from I to grade IV tumor 
as following : [3,6] 

Grade I Tumor: Slow growing cells, almost normal 
appearance under a microscope, least malignant, usually 
associated with long term survival. 

Grade II Tumor: relatively slow growing cells, slightly 
abnormal appearance under a microscope, can invade 
adjacent normal cells, can recur as a higher grade tumor. 

Grade III Tumor: actively reproducing abnormal cells, 
abnormal appearance under a microscope, infiltrate adjacent 
normal brain cells, tumor tends to recur, often as a higher 
grade. 

Grade IV Tumor: abnormal cells; which reproduce 
rapidly, very abnormal appearance under a microscope, form 
new blood vessels to maintain rapid growth, areas of dead 
cells in cancer. 

Staging determines if a tumor has spread beyond the site 
of its origin. Staging for CNS tumors is usually inferred from 
CT scan or MRI images, or by examining the cerebrospinal 
fluid. Staging information often influences treatment 
recommendations and prognosis. [3] 

B. Methods of Diagnosis 

Brain tumors are diagnosis by using a combination of 
physical examination and imaging methods. Depending on 
type and location of a brain tumor, laboratory tests such as 
angiogram and biopsy may be required. Physical 
Examinations includes, eye movement and pupil reaction, 
vision, Hearing, reflex, balance and coordination, sensation, 
muscle strength, tongue movement and sensation, head 
movement, and memory tests. However, several Imaging 
facilities are used for diagnosis purpose; such as 
Computerized Tomography (CT) and Magnetic Resonance 
Imaging (MRI), which can show the structure of the brain. A 
special contrast material (dye) may be used during the 
scanning to make abnormal cells more obvious. Although, 
Scans taken after surgery are used to determine if there is 
remaining tumor. CNS tumors that are especially prone to 
spread are studied with both scan images and laboratory 
tests. [3] 

C. Methods of Treatment 

The aim of treatment is to remove or slow tumor growth. 
The choice of treatment will depend on: the type, size, grade 
and location of the tumor, age, medical history and general 
health for patients, and types of symptoms experienced. [4] 

The treatment includes surgery, chemotherapy, and 
radiotherapy, alone or combinations of treatment. [4] 

Surgery: The surgery is the usual first treatment for most 
brain tumors. Sometimes surgery is not possible, because the 
tumor is too close to certain parts of the brain. The surgeon 
removes as much of the tumor as possible without damaging 
healthy parts of the brain; this process called brain tumor 
resection. [4] 

Chemotherapy: The chemotherapy is a chemical drugs 
uses to treat both low and high grade brain tumors. 
Chemotherapy drugs used to stop tumor cell growth, or to 

kill the tumor cell directly. [7]. There are two categories of 
chemotherapy drugs: cytostatic drugs, also called targeted or 
biologic drugs, which prevent cell division and cytotoxic 
drugs, which intended to lead to cell death. 

Radiotherapy: Radiotherapy or radiation therapy: is the 

techniques that based on using ionizing radiation (photons 

or radioactive particles) to kill tumor, where radiotherapy 

aims to deliver highest homogenies dose to the tumor and 

lowest does to the surrounded healthy tissue. Radiotherapy 

procedures classified to two categories: [8] 

1. External beam radiotherapy (EBRT): In EBRT the 

radiation source is at a certain distance from the patient and 

the target within the patient is irradiated with an external 

radiotherapy beam. Most EBRT is carried out with photon 

beams, some with electron beams and very small fraction 

with protons, heavier ions or neutrons. Regarding to EBRT 

by photon; there are two origins of photon beams: γ-rays, 

which originate from radioactive nuclei, and ×-rays, which 

originate when a target bombarded with energetic electrons. 

Co-60 unit and Linear accelerator are examples of EBRT-

photon megavoltage therapy machines. Linear accelerator is 

also an example of EBRT by electron therapy machine. The 

most clinically useful energy range for electrons is 6 to 20 

MeV. At these energies, the electron beams can be used for 

treating superficial tumors ( < 5 cm deep) with a 

characteristically sharp drop off in dose beyond the tumor. 

[8] 

2. Internal beam radiotherapy (IBRT) or Brachytherapy: 

is a method of treatment in which sealed radioactive sources 

are used to deliver radiation at a short distance. In 

Brachytherapy, radiation sources are placed directly into the 

target (intracavitary or interstitial brachytherapy) or on to a 

target ( surface mould or intraoperative brachytherapy).  In 

the past, brachytherapy was carried out mostly with radium 

or radon sources. Currently, use of artificially produced 

radionuclides such as 
137

Cs, 
192

Ir, 
198

Au, 
125

I, and 
103

Pd is 

rapidly increasing. [8] 

In radiotherapy techniques both normal or tumor cells are 

affected with radiation, but normal cells can repair the 

damage better than tumor cells [4]. The radiotherapy is 

killing or stop brain tumor growth, where radiotherapy works 

by damaging the DNA inside the cells, making them unable 

to divide and reproduce. The radiotherapy side effects 

commonly occur in the treatment area and are usually 

temporary, but some may be permanent or last for a few 

months or years. They may include: nausea, headaches, 

tiredness or fatigue, red, sore, inflamed or flaky skin, and 

hair loss. [4] 

III. CLASSIC RADIATION THERAPY 

As the radiotherapy presents the essential treatment for 
brain tumors, therefore, this research focused on the 
radiotherapy. 2D conformal radiotherapy technique using 
Cobalet-60 and Linac only is available in Libya, and even 
the majority of the world stop using Cobalet-60 machine, it 
still playing significant roles for treatment in Libya 
Therefore, both machines are explained in below:  
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A. Cobalet 60  

It is the oldest radiotherapy equipment based on the 

treatment of tumors via gamma rays emit from the 

disintegration of 
60

Co radioactive source. The 
60

Co source 

decays to 
60

Ni with the emission of β-particles (E max = 

0.32 MeV) and two photons per disintegration of energies 

1.17 and 1.33 MeV. These γ rays constitute the useful 

treatment beam. The β- particles are absorbed in the cobalt 

metal and the stainless steel capsules those surround the 
60

Co source. [8] 

Fig. 1. Shows percentage number of male and female of brain tumor cases 

at TMC and TCH.   

The half-life of 
60

Co is 5.272 years, therefore, the source 

should be changed when the dose produced becomes 50 % 

lower than its initial value, by other words when the activity 

of the source becomes (2/3) of its initials. That means the 

source have to be changed after 3.5 years. The ideal source 

strength is 200 TBq (5.4 kCi) at beginning of its use. [8] 

60
Co has proved to be the most suitable for EBRT. The 

reasons for its choice over other radionuclides are higher 

possible specific activity (curies per gram), greater radiation 

output per curie, and higher average photon energy. [8] 

B. Linear Accelerator (LINAC) 

Linac is a device that uses high-frequency 
electromagnetic waves (in the microwaves region on (~ 
3,000 megacycles/sec) to accelerate charged particles such as 
electrons to high energies through a linear tube. The high 
energy electron beam itself can be used for treating 
superficial tumors, or it can be made to strike a target to 
produce ×-rays (bremsstrahlung ×-rays)  for treating deep 
seated tumors. [8] 
It is customary for some of the manufacturers to designate 

their linear accelerators that have both electron and ×-ray 

treatment capabilities by the maximum energy of the 

electron beam available [8]. For example, the Elekta 

Synergy Linac, available in the Tripoli Medical Centre 

(TMC) produces electron beams of energies of 4, 6, 8, 10, 

12 MeV and ×-rays beams of energies of 6, 10, MV. Elekta 

Precise linac, also available in the TMC, produces electron 

beams of energies of 4, 6, 8, 10, 12, 15 and 18 MeV, and ×-

ray beams of energies of 6, 10, 15 and 18 MV.  

Fig. 2. Illustrates the geographic distribution of the cases of brain tumors 
around Libya. 

 

 

Fig. 3. Demonstrates the number of brain tumour cases registered annually 

in the department of radiotherapy at TMC and TCH.   

IV. MATERIALS AND METHOD 

This research studied the age, sex, methods of diagnosis, 
and methods of treatment of patients. The patients were 
diagnosed of having brain tumour. The data were obtained 
from the patients’ files in the department of radiotherapy, at 
Tripoli Medical Centre (TMC), Tripoli, Libya and in 
department of radiotherapy, at Tripoli Central Hospital 
(TCH), Tripoli, Libya. However, the study covered the 
period time since January 2008 tile June 2017. 

V. RESULTS AND DISCUSSION 

236 cases of brain tumor (121 males and 115 females) 
was collected from the files of patients at TCH and TMC for 
the period time (January 2008 – July 2017). It is notable that 
the number of males having brain tumor is almost equal to 
the number of females as demonstrates in Fig. 1. 

The origin regions for patients of the brain tumours, who 
had their treatment in TCH or TMC, in Tripoli are shown in 
the Fig. 2. Tripoli shows of having more than half of the 
entire number of cases, while lowest cases were came from 
the east of Libya. The reasons of that are: Tripoli is the 
capital, so it has highest population, and the situation of the 
ware that makes the majority of Libyan flees from their 
cities to Tripoli. 

The number of brain tumor patients have registered in 
TMC and TCH annually since January 2008 tile July 2017 
are illustrated in Fig. 3. The maximum number of patients 
was in 2016 and minimum number was in 2013, 2014 and 
2015. That was because, in 2016 both Precise and synergy 
linacs in department of radiotherapy at TMC and Co – 60 
unit at TCH were working. Whereas, in 2013, 2014 and 
2015, the Precise- linac was not working because it was 
under upgrading, while the Synergy-Linac was installed in 
2013 and began working in 2016. Therefore, the cases 
registered in the years of 2013, 2014 and 2015 were 
obtained from TCH only. 

Fig. 4. Shows ages of brain tumour cases. 
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Fig. 5.  Ilustrates the diagnosis methods followed in TMC and TCH 

Fig. 4 shows the ages of brain tumor cases since 2008 
tile July 2017. The greatest number of cases was in the age 
of 65 to 75 years old and the lowest number of cases was in 
the age of 95 till 105 years old.    

Methods of diagnosis of brain tumors followed in TMC 
and TCH are illustrated in the Fig. 5.  Some cases were 
diagnosed using CT, other cases were diagnosed using MRI, 
and few cases were diagnosed using both CT and MRI. The 
greatest number of cases were diagnosed using MRI. These 
results agrees with [3].   

The methods of therapy followed in TMC and TCH for 
the brain tumors are surgical therapy, chemotherapy and 
radiotherapy in combination as shown in the Fig. 6. 
However, surgical therapy plus radiotherapy was provided 
as one follow the other. Chemotherapy and radiotherapy; 
might be obtained by the patients in the main time or as one 
followed by the other. Although, some cases were treated 
using the three methods together.     

Finally, the radiotherapy techniques used for the 
treatment of the patients of brain tumors in the department 
of radiotherapy in TMC and TCH were 2D conformal 
radiotherapy by Linacs, which available in TMC only and 
Co-60 unit, which available in both TMC and TCH. 
However, the Co-60 unit available in TMC was stopped 
since 2012 because the source has passed the required half-
life for the treatment application (its activity became less 
than 2/3 its initial activity) as explained in details in section 
(III.A).  Fig. 7 demonstrates radiotherapy techniques used 
for treatment the patients in this study. 113 patients were 
treatment using linear accelerator and 123 patients were 
treated using Co-60 unit. Thus, number of patients been 
treated with the Co-60 was more than those treated with 
linac, because of the time that spent until the two Linacs 
became ready for clinical use (as mentioned previously; the 
Precise was upgraded and the Synergy insulated in 2013 and 
began working in 2016), also due to that both hospitals has 
Co-60 unit.        

Fig. 6. Demonstrates the methods of treatment of brain tumour in TMC and 
TCH.  

 

Fig. 7. Shows the radiotherapy techniques used in TMC and TCH  

VI. CONCLUSION 

   The research data was obtained from the files of 

patients from the department of radiotherapy at TMC and at 

TCH, Tripoli, Libya. The results demonstrate that the 

number of female cases of brain tumor are equal to the 

number of male cases. The greater number of cases was 

registered in 2016 and minimum number of cases was in 

2013, because in the 2016 both synergy-Linac and Precise-

Linac and Co-60 unit were working, while in 2013 only Co-

60 unit was working, due to the upgrading and installation of 

linacs in TMC. Most patient of the brain tumor were in the 

age of 65-75. The MRI represented the main method of 

diagnosis of brain tumors. Most cases were treated via 

surgery and 2D conformal radiotherapy by using Co-60. 
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