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Glioblastomas (GBM) (Astrocytoma of grade IV according to the WHO classification) are by 

far the most common and malignant kind of brain tumour. Their malignity is locoregional and 

their systematic metastasis is exceptional. 

They can be primary (primary GBM) or may result from the transformation of pre-existing 

low-grade astrocytoma (secondary GBM). 

The main clinical manifestations are intracranial hypertension, convulsive crisis and/or 

neurological deficits. They vary depending on the localisation and size of the tumour. 

From a diagnostic point of view, it has advanced considerably with the development of the 

precision of paraclinical examinations, the CT-scan and more particularly magnetic resonance 

imaging (MRI). 

Some factors seem to have a more or less impact on the prognosis of these tumours 

namely the age, the Karnofsky index, presence of cognitive disorders, the residual volume. The 

classification of patients depending on these factors determines the prognosis group and guides 

the therapeutical strategy. 

Their prognosis remains poor, and therapeutic arsenal only aims to slow down the 

evolution of the disease. 

From the therapeutic perspective, glioblastomas seem to cause many handicaps and 

presents a real challenge for neu-oncologists. Their diffuse and infiltrative nature makes their 

complete resection illusory. Nevertheless, the quality of the procedure influences survival, but the 

post-operative recurrence is still the rule. 

Glioblastomas are characterized by their chemo resistance and radio resistance, which 

relatively explains the poor impact of treatment on survival. Focused radiotherapy postoperatively 

increases the median survival [1] .For chemotherapy, the most studied active molecules are 

alkylating agents, in particular nitrourea and temozolomide.
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I. Type of the study:  

 This is a retrospective study of a consecutive series of 33 patients with glioblastoma. 

II. Place and span of the study: 

  This study was conducted over a period of 5 years, spread between January 2017 and 

December 2021 in the department of oncology-radiotherapy at the University Hospital Med VI 

Marrakech. 

III. Target population: 

Using the inclusion and exclusion criteria, our  patients were selected from an initial 

sample of 48 cases admitted in the oncology-radiotherapy department at the University Hospital 

Med VI Marrakech. 

1. Criteria of inclusion: 

• All glioblastomas histologically confirmed ; 

• No age limits ; 

• All patients that underwent radiotherapy. 

2. Criteria of exclusion: 

• Patients with incomplete or unexploitable medical files. 

IV. Methodology: 

All the patients were identified from the department’s register and the files were collected 

from the Oncology department’s archives. 
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All the epidemiological, clinical, paraclinical, therapeutical and evolutive data were 

registered in a preestablished operating sheet (appendix 1), then collected from the medical 

records. From which several results were grouped and calculated. 

V. Statistical data analysis: 

We used Microsoft Excel 2016 for the preparation of the database and for the elaboration 

of the graphs. The text entry was done on Microsoft Word 2016. 

 

VI. Ethical considerations: 

The collection of data was done taking into consideration the global rules of ethics relating 

to the respect of confidentiality and the protection of the patients' own  
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I. General information: 

1. Epidemiological characteristics: 

a.Age 

The average age of the patients was 51.60 years with extremes ranging from 29 to 74 

years old . 

The distribution of patients according to age showed a high frequency, estimated at 

60.60% in adults aged between 41 and 60%. On the other hand, the paediatric population was not 

represented in our study. 

 
Figure 1: Distribution of patients by age group 

b.Gender: 

In our study, 20 cases were men (60,6%) and 13 cases were women (39,4%) with a gender 

ratio of 2:1. 
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Figure 2:Distribution of patients by gender 

c.Origin: 

The majority of our patients originated from urban areas (85%) while the remaining (15%) 

originated from rural areas. 

 

 
Figure 3:Distribution of patients by urban or rural origin 
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Most of our patients were from the region of Marrakech-Safi (70%), followed by the region 

of Beni Mellal-Khenifra (12%) then the region of Draa-Tafilalet (9%) 

 
Figure 4:Distribution of patients by region 

2. Medical history 

Five of our patients, i.e. 15% of our cases, had associated chronic diseases. The most 

frequent antecedents were high blood pressure (9%) and diabetes (6%). 

As for the surgical history, one patient was operated for cholecystitis and one patient was 

operated for a cataract. 

Regarding toxic history, no patient reported exposure to lead. Pesticide exposure was 

difficult to determine. However, 8 patients or 24.24% of cases were smokers, all male, while 2 of 

them also consumed cannabis. 

Our patients reported no family history of glioblastoma or other cancers.  
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II. Clinical Data: 

1. The time of evolution: 

The time to diagnosis in our study ranged from one week to two years with a mean time of 

25 weeks. 

2. Reason of consultation: 

The reason for consultation was mainly represented by motor deficits in 51% of the cases, 

followed by intracranial hypertension in 48% of the cases, and higher functions deficit in 18%  

3. Clinical signs: 

a.Intracranial hypertension syndrome: 

16 cases in our study (48%) presented an intracranial hypertension syndrome made of 

headache in helmet, vomiting and visual disorder. 

b.Isolated headaches: 

12 of our patients (36%) presented headaches that were resistant to analgesic treatment. 

c.Motor deficits: 

16 patients (48%) presented motor deficits,10 of them (30%) presented a hemiparesis, 6 of 

them (18%) had a hemiplegia, while 1 patient (3%) presented limb trembling. 

d.Sensitive deficits: 

Only one patient (3%) reported a sensitive disorder. 

e.Seizures: 

Seizures were reported in 3 cases (9%) 
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f. Higher functions deficits: 

6 patients (18%) presented higher functions deficits. 3 of these patients (50%) presented 

language problems, 2 patients (33.3%) presented memory issues, and one patient (16.6%) 

presented behavioural problems. 

g.Vestibular syndrome: 

Only one patient (3%) presented with a vestibular syndrome. 

h.Cranial pairs problems: 

3 patients (9%) presented a facial paralysis, 1 patient (3%) presented a divergent 

strabismus, 1 patient (3%) presented a hypoacusis. 

i. Karnofsky score: 

In our cohort, 12 patients scored 100%, 14 scored 80%, 5 scored 60%, and 2 
scored 40%. 

Table I: Distribution of patients by symptoms 
Symptoms Number Percentage 

Motor deficits 16 48% 
Intracranial hypertension 16 48% 

Isolated headaches 12 36% 

Higher functions disorders 6 18% 

Deterioration in general status 7 21% 

Seizures 3 9% 

Sensitive deficit 1 3% 

Vertigo 1 3% 
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III. Paraclinical data: 

1. Topography: 

The tumour location was predominantly parietal (36%), followed by temporal (15%), front-

parietal (15%), frontal (12%), temporo-parietal (12%), cerebral trunk (3%), thalamus (3%), then axial 

(3%). 

 
Figure 5: Distribution of patients by tumour topography: 

2. CT-scan: 

CT scan was performed for 21 patients; it showed a hypodense heterogeneous tumour in 

90%. The tumour was badly limited in 52%. Necrosis was noted in 23%. Haemorrhage was present 

in 4%. Perilesional oedema responsible for mass effect was noted in 85%. After injection of 

iodinated contrast medium, the enhancement is heterogeneous, variable both in shape and 

intensity. 

The tumour size in the greater axis was between 2.9 cm and 7 cm with an average of 5 cm. 
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Figure 6: Axial section CT image showing a poorly defined hypodense right occipital tumour 

process that enhances after contrast injection 

3. MRI : 

MRI was performed in 24 patients in our series. In T1 weighting, it was hypodense in 83% 

of cases. In T2-weighted and FLAIR, it appeared as a hyper signal in 87.5% of cases and a hypo 

signal in 12.5% of cases. 

Necrosis was present in 33.3% of cases, haemorrhage was observed in 12% of cases and 

peri-lesion oedema in 91.6% of cases. Boundaries were irregular in 62.5% of cases. 

Spectro MRI was performed for 10 patients 30% and it showed an elevated choline peak and 

a wavy NAA peak. 
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Figure 7: Aspect of a high-grade glioblastoma in injected T1 (A), injected T2 (B), and flair 
sequence (C). 

4. Other: 

All of our patients had a preoperative workup that included : 

• A blood grouping ; 

• A haemostasis exam ; 

• Electrolyte exam ; 

• Blood counts.  

IV. Histological exam: 

All patients in our patients underwent histological exams. The anatomopathological 

diagnosis of glioblastomas was established after a biopsy for 6 patients (i.e., 18% of the patients) 

and after surgical excision for 27 patients (i.e., 81% of the patients). 

The anatomopathological aspect of glioblastoma is presented by a heterogeneous tumour 
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proliferation made of a cellular atypia with a high cytonuclear ratio, hyper chromatic nuclei of 

variable sizes and shapes, multiple mitoses, high cellular density and cellular necrosis (40%) with 

numerous haemorrhagic foci and important vascular neogenesis. The Immunohistochemistry was 

realised for 20 patients (60%), and confirmed the diagnosis of grade IV glioblastoma in all of them. 

V. Treatment: 

1. Symptomatic treatment: 

All patients received medical treatment with the goal of: 

• Relieve pain ; 

• Medical treatment of ICHT ; 

• Prepare patients for surgery. 

Pre and postoperative corticotherapy based on methylprednisolone, at a dose of 

1mg/kg/day and prophylactic antibiotic therapy was prescribed for all patients in our series. 

Sodium valproate-based anti-convulsive treatment was indicated for patients presenting 

with comitiality or at risk of it. 

Postoperative analgesic treatment was systematically prescribed in all cases. 

2. Specific treatment: 

a.Surgical treatment: 

All patients in our series underwent surgical treatment. The resection was macroscopically 

total in 12 patients (36%), partial in 15 cases (45%), and a simple biopsy was performed in 6 cases 

(18%). 



Radiotherapy for high grade glioma: Experience of Oncology Radiotherapy Department of Mohammed VI University Hospital 
 

 

- 20 - 
 

 
Figure 8: Distribution of patients according to type of surgery. 

 

b.Radiotherapy: 

All our patients received a complementary radiotherapy treatment.  

1. Delay between surgery and radiotherapy: 

The delay between the surgery and the radiotherapy ranged from 1 month to 7 months 

with an average of 1.9 months. 

2. Indications and objectives of radiotherapy: 

Radiotherapy’s main goal is to kill the cancer cell using beams of intense energy which 

helps reduce to tumor size. This is why it became a primordial part of the therapeutical arsenal for 

glioblastoma alongside surgery and chemotherapy. 

3. Preparation: 

Before starting the radiotherapy: 

• The indication is discussed in the neuro-oncology multidisciplinary team meeting. 
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• Consider early post-operative MRI to define the extent of residue and to differentiate 

the post-surgical changes. The patient may also require another MRI closer to 

starting radiation therapy planning. 

• Radiotherapy may commence as soon as practically possible, ideally within 6 weeks. 

We used a thermoplastic mask for all our patients. 

4. Delineation of targets: 

Currently, 2 identical techniques in terms of power are recognized for the delivery of 

60Gy. The RTOG (Radiation Therapy Oncology group) recommends a first phase of 

46Gy at large volume including the edema, then a second phase with the remaining 

14Gy (the boost) focusing on the resection cavity. 

The EORTC (European Organisation for Research and Treatment of Cancer) recommends 

a single phase. Currently in Europe, only one phase of radiation is used as gold 

standard. 

The contouring is based on delineation of 3 different targets: 

• GTV: Gross tumor volume, 

• CTV: Clinical target volume, 

• PTV: Previsionnal target volume. 

These volumes were contoured using the dosimetric scan after fusion if MRI was available. 
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Figure 9: The delineation of a glioblastoma with MRI 

5. Dosimetry scan: 

It is performed using a dosimetry scanner. Apart from medical emergencies, it usually 

takes several days, depending on the complexity of the technique, the type of tumor and any 

previous radiotherapy treatments that must be taken into account. 

It consists in choosing the irradiation technique best adapted to the anatomical area to be 

treated. This area is carefully delimited on the dosimetry scanner by the radiation oncologist, who 

uses all the results of the examinations  previously carried out. It also helps in deciding on the 

technique (3D radiotherapy, with intensity modulation, in stereotactic conditions, with respiratory 

servo control, etc.), the dose and the number of sessions. Based on these indications, the team of 

dosimetrists and medical physicists will position the radiation beams and specify their technical 

characteristics. 
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Figure 10 : Dosimetric analysis for glioblastoma 

6. Dosage and fraction: 

Table II:Patients’ distribution by radiotherapy plan 
Number of patients Spreading Total dosage (Gy) Fraction Dose per Fraction (Gy) 

25 6 weeks 6000 30 200 

8 3 weeks 4000 15 267 

 

7. Quality control: 

Radiotherapy for glioblastomas comes with various risks mainly due to the anatomical area. 

Many organs can be at risk mainly the optic nerve, the optic chiasma, the eyes, the lenses, the 

brain stem. Some organs can be considered as potentially at risk: The chochlea, the lacrimal glans 

and the pituitary gland. 

In our study, 6 cases had side effects, the radiotherapy was interrupted prematurely due to 

worsening of oedema in 2 cases (6%), technical issues in 2 cases (6%) and death in 2 cases (6%). 
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c.Chemotherapy : 

27 of our patients (81%) underwent a neoadjuvant chemotherapy. The molecule used in 26 

cases (96%)  was Temozolomide 75mg / m2 taken once a day orally during radiotherapy treatment. 

The treatment was interrupted in 13 cases (39%) , in 6 cases (18%) it was due to toxicity 

mainly low platelets count, in 5 cases (15%) it was to lack of availability in the department, in 2 

cases (6%) it was to patient’s death. 

Adjuvant chemotherapy, based on 6 cycles of Temozolomide 150 to 200mg/m2 

VI. Evolution: 

on days 1 

to 5 of each 28-day cycle, was taken only by 12 patients due to lack of availability or bad tolerance 

and complications. The median number of achieved cycles was 2.2 

1. Short term: 

25 patients (75%) did a post-operation MRI, in 2 cases (8%) there was no report provided. 

19 of our patients (57%) suffered post-operation oedema, haemorrhage in 2 cases (6%) and 

a focal deficit in 2 cases (6%). 

These patients received antiedematous treatments and surgical treatment. 

2. Long term: 

We lost contact we the majority of these patients, from the available data; 2 patients (6%) 

died during chemotherapy, 7 patients (21%) had a sort of aggravation, progression or recidivism 

was in 8 cases (24%), 6 patients (18%) have been stabilised. 
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I. Epidemiology: 

1. Frequency and incidence: 

Gliomas represent 26% of all primary brain tumours and other CNS tumours and 81% 

of malignant tumours [2]. Glioblastoma represents the most frequent tumour with a 

percentage of 56.6% according to CBTRUS [3], 20.3% according to Dutertre[4] and 69.5% 

according to DNOR (Danish neuro-oncoloy registry )[5]. 

The incidence varies according to geography, for glioblastoma it is 3.19/100000 in 

the United States; 2.05/100000 in England; 3.69/100000 in Greece; 3.40/100000 in 

Australia; 0.59/100000 in Korea[6]. 

In Morocco, the cancer registry cited the frequency of brain tumors in relation to all 

cancers, it presents 2.4% according to the register of Rabat (RECRAB) with an incidence of 

glioblastoma of 1.4/100000 [7] , and according to the register of Casablanca with an 

incidence of 2,4/100000 [8] 

2. Age: 

Glioblastomas can occur at any age with a median age of 46 to 64 years [9], [10]. In 

our study, the average age was 51.60 which is consistent with the literature 
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Table III: Age of onset of glioblastoma in the literature. 
Authors Number Extreme age Median age Most affected age group 

Delion [10] 94 22-81 64,5 ---- 
Bauchet [6] 952 ----- 63,9 ---- 
Mineo [11] 340 16-81 55 ---- 

Bartolomei [12] 73 29-77 52 ---- 
Malkoun [13] 46 40-77 61 ---- 
Lonjon [14] 20 19-64 52 ---- 

Rogger stupp 2005 [15] 573 18-70 56 ---- 
Hiroaki shimizi [16] 26 24-79 46 ---- 

Elfane [17] 55 11-84 59 50-69 
Our cohort 33 29-74 51,60 41-60 

3. Gender: 

In the majority of studies, there is a male predominance with a sex ratio (SR) M/F 

varying from 1.2 to 3.2 and this is the case in our series with 60.6% for males and 39.4% for 

females with a sex ratio of 2 
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Figure 11: Incidence of glioblastoma by age and sex (Gironde Registry) [10]. 

4. Risk factors: 

a.Genetic predisposition: 

Some genetic syndromes are known to predispose individuals to cancers related to 

identified abnormalities: Li Fraumeni syndrome, mutation on the p53 gene, Turcot 

syndrome, NF1 neurofibromatosis[18], Gardner syndrome, Lynch syndrome [19], but this 

concerns only 1% of gliomas [20]. 

In our series, no history of glioblastoma or other cancers in the family was noted. 

 



Radiotherapy for high grade glioma: Experience of Oncology Radiotherapy Department of Mohammed VI University 
Hospital 

 

 

- 31 - 
 

 Table IV: Major genetic predisposition syndromes. [21] 
Illness/Syndrome Transmission Gene Localisation Incidence Protein 

NF type 1 Von 
Recklinghausen 

AD P 100 % 
E variable 

NF1 17q11.2 1 pour 
4000 

Neurofibromine 

NF type 2 AD P 100 % 
E High 

NF2 22q12 1/40 000 à 
1/100 000 

Merline 

Li-Fraumeni AD TP53 17p13 315 familles p53 

Turcot type 1 AD P low hMLH1 
hPMS2 
hMSH2 

3p21.3 
7p22 
2p16 

- - 

Sd Gardner AD P high APC 5q21-22 1 /14,000 Papc 

von Hippel-
Lindau 

AD P high 
E variable 

VHL 3p25-26 1/40 000 pVHL 

b.Ionizing radiation: 

Ionizing radiation damages DNA by inducing both single and double breaks in these 

strands, which subsequently leads to modifications and genetic alterations leading to cancer 

[22]. The existence of ionizing radiation, even at a low dose, in the brain (treatment of skin 

or scalp lesions, repeated X-ray examinations for odontological purposes, previous 

irradiation of tumor lesions) is a well-established risk factor according to the literature[19], 

[23], [24]. 

c.Professional environment: 

The risk of chemical carcinogenesis related to the occupational environment: rubber 

workers, workers in industries using lead [50], agricultural workers with frequent exposure 

to pesticides, have been targeted in studies conducted in these occupational sectors [19], as 
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risk factors to be taken into account [19]. 

In our series, there was no notion of exposure to lead or pesticides. 

d.Allergy and atopic disorders: 

It has been reported that allergies protect against several types of cancer, including 

glioma[22], and it has been suggested that this effect may be due to increased surveillance 

by the innate immune system in allergy sufferers, but this potential mechanism has not 

been definitively proven. In addition, although the majority of reports have found an 

association between allergies and atopic diseases (e.g. eczema, psoriasis, asthma, hay fever) 

with a reduced risk of glioma [25], [26], some studies have identified the opposite effect [6] 

. According to scheurer et al the lack of asthma or history of allergy combined with<10 

years of anti-inflammatory drug use was found to have the greatest protective effect for 

GBM, whereas antihistamine use for ≥10 years increased the risk of anaplastic glioma 

regardless of asthma or allergy history [24], [27]. 
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Figure 12: Results of some recent analyses of potential risk factors for gliomas[24]. 

e.Ethnicity 

There is a different distribution of high-grade glioblastoma by ethnicity. For 

example, the relative risk of developing glioma is 1.7 (95% CI: 1.1-2.6) in Caucasian whites 

compared with non-Caucasians; in America the incidence is 6.84/100,000 in whites and 

3.48/100,000 in blacks, whereas in Japan the incidence of occurrence of these primary brain 

tumors is lower[28]. 

f. Nitro compounds, dietary habits: 

Some nitro compounds have been classified as probable human carcinogens by the 

International Agency for Research on Cancer [29]. A meta-analysis found that consumption 

of smoked meats during pregnancy increased the risk of brain tumors in the child (RR: 1.68; 
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95% CI: 1.30- 2.17) [30] . Another study conducted in Israel identified vegetable oils in the 

diet (OR: 1.36; 95% CI: 1.06-1.73) and potassium intake during pregnancy (OR: 1.44; 95% 

CI: 1.04-1.99) as risk factors for brain tumors in children[31]. 

Of note, consumption of carotene, certain dietary fibers, and some phytoestrogens 

[32] would reduce the risk (OR: 0.4-0.5; CI95%: 0.2-0.9) [33]. 

g.Tobacco: 

Smoking is considered a risk factor due to the presence of nitrosated compounds in 

cigarette smoke, which are considered carcinogenic and likely to induce high-grade 

gliomas[29]; consumption of more than two packs of cigarettes per day increases the risk of 

occurrence (RR: 2.3; CI95 % : 1,2-4,5)[34]. This risk remains higher even in relapsed 

smokers (HR 1.51; 95% CI 0.97-2.34). However, the duration of smoking cessation seems to 

be beneficial, and subjects who have stopped smoking for more than ten years have a 

reduced risk of developing a glioma compared to those who have stopped for less than ten 

years (HR: 0.55; CI95%: 0.29-1.07)[35] . 

In our study, the percentage of smokers was 24%. 

h.Infections: 

Infections, especially viral ones, have a special place in the identification of risk 

factors. Indeed, DNA sequences of different polyomaviruses (JC, BK and SV-40 viruses, 

simian virus-40) exist in many human brain tumors [36]. The T-antigen (tumor antigen) of 

these viruses has the property of being able to form a complex with p53 and pRb and to 

render them inactive. The genes encoding these two proteins belong to the tumor 

suppressor gene family [36]. 

Results have shown that there is an inverse relationship between the occurrence of 
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high-grade glioma and infections related to varicella-zoster virus in particular and other 

herpes (OR : 0.41; CI95%: 0.24-0.70)[37]–[39], an international population-based study had 

reported a significant reduction in the risk of the occurrence of glioma in patients with 

influenza and/or colds (RR: 0.72; CI95%: 0.61-0.85) [22]. 

II. Oncogenesis: 

High-grade gliomas (grade III and IV) are defined by the type of tumor cell they 

contain and by their histological grade. They can be classified as astrocytomas, 

oligodendrogliomas or anaplastic oligo-astrocytomas; they may arise de novo or as a result 

of the progression (anaplastic transformation) of diffuse grade II gliomas. 

The understanding of the oncogenesis of glial tumors requires the study of gene 

alterations (oncogenes, tumor suppressor genes), involved in cell division. A large number 

of recurrent genetic alterations have been identified in gliomas (fig.11). These multiple 

genetic alterations result in the activation of molecular pathways (receptor tyrosine kinase 

pathway, P53 pathway, Rb gene pathway) which are currently relatively well known in 

gliomas and which lead to uncontrolled cell proliferation. 

Gliomagenesis involves molecular alterations such as amplifications, mutations, 

rearrangements or chromosomal deletions. These chromosomal alterations affect different 

proto-oncogenes (Egfr, Pdgfr, Mdm2...) and tumor suppressor genes (p16, p53, Rb, Pten...). 

The sequence of these genetic alterations is at the origin of tumor progression, some genes 

being altered early on, others later in the course of evolution. 
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Figure 13: Hypothetical model of glioma histogenesis and the recurrent molecular 

alterations observed. 
In gliomas, the accepted oncogenetic hypothesis is the transformation of stem cells 

or progenitor cells that would have the capacity to self-renew and differentiate (pluri- or 

multipotent cells). They would therefore be able to generate the different morphological 

types of tumor cells within a tumor. The identification of IDH mutations in gliomas of grade 

II, III and secondary glioblastomas but not in de novo glioblastomas, has allowed to propose 

2 pathways of gliomagenesis. 
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Figure 14: Histo-molecular classification and gliomagenesis. 

1. Cell cycle deregulation, signal transduction activation and glial 

proliferation: 

The inactivation of p53 that is associated with the astrocytic tumor phenotype is an 

early genetic alteration, persisting during secondary "anaplastic transformation." Conversely, 

mutually exclusive deletion of p16/CDKN2A, inactivation of RB1 at 13q, and amplification of 

CDK4 are more common in high-grade gliomas. PTEN inactivation at 10q and EGFR 

amplification are preferentially observed in glioblastomas. 

These genetic alterations mainly affect 3 major pathways involved in cell cycle 

control and signal transduction: p53, RB1 (retinoblastoma pathway) and growth factor 

receptor tyrosine kinase. At the glioblastoma stage there is a joint alteration of these 3 

major pathways[40] . 

 The p53 pathway regulates the cellular response to DNA damage in hypoxia and 
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leads to cell cycle arrest with either apoptosis of the cell or the initiation of repair 

mechanisms. This pathway can be inactivated by the mutation of p53, or by the 

amplification of MDM2, or more rarely by that of MDM4 which leads to the 

degradation of p53, by the inactivation of p14/ARF (deletion or epigenetic 

inactivation) which inhibits MDM2 [41]. 

 The RB protein (product of the RB1 gene), is hypo-phosphorylated in quiescent 

cells and thus sequesters the transcription factor E2F. E2F when released induces 

transcription of genes that will promote advancement in the cell cycle. 

Phosphorylation of RB by the Cyclin D1/CDK4/CDK6 complex results in the release 

of E2F. The negative control on proliferation exerted by RB through its binding to 

E2F, can be abolished: either by inactivation of RB1 (deletion, mutation or 

methylation), or by amplification of CDK4 or more rarely CDK6 which lead to 

phosphorylation of RB, or by inactivation (deletion or methylation) of p16/CDKN2A 

which inhibits CDK4 [41], [42]. 

 Thus, the inhibition of p53 and RB results in the progression of the cell cycle from 

G1 to S phase and the removal of the inhibition exerted by p53 at the G1 and G2 

phases. 
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Figure 15: Cell cycle regulatory pathway controlled by INK4AR. 

 The growth factor pathway can be activated in gliomas by several mechanisms that 

affect proliferation, differentiation, motility (infiltration) and apoptosis:  

 
Figure 16: Signaling pathways involved in the process of glioma carcinogenesis RAS/ MAP 

kinase and PI3 kinase / AKT altered in gliomas. 
 Overexpression of growth factor and its receptor, thus forming an autocrine 

loop (PDGF/PDGFR). 

 Amplification or mutation of the growth factor, the most characteristic example 

of which is the EGFR, in particular its form EGFRvIII, which is a truncated form of 

the receptor that is self-activated in the absence of ligand, and which is 

essentially observed in primary glioblastomas [40], [42]. 

 Inactivation of PTEN which normally inhibits the PI3K/AKT signaling pathway 
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downstream of growth factor receptor tyrosine kinases [40], [41]. 

 The growth factor pathway mainly activates the oncogenic Ras/MAPK and 

PI3K/AKT signaling pathways [43]. Mutations in Ras are rare in gliomas and this 

signaling pathway is activated upstream due to receptor hyperactivation. On the 

other hand, activating mutations of PIK3CA, which activate the PI3K/AKT 

pathway, are very frequent[41], [43], it is activated by a multitude of receptor 

tyrosine kinases in glioblastoma, and this is why "single-target" targeted 

therapeutics have failed so far and suggests that "multi-target" therapeutics 

should be more effective [44]. 
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Figure 17: Most frequent genetic alterations in glioblastoma. 

2. Role of micro-RNAs (miRNAs): 

The miRNAS are small RNA molecules (16-29 nucleotides), highly conserved during 

evolution, which modulate gene expression at the post-transcriptional level. Recent data 

suggest that some miRNAs may be involved in the oncogenesis of gliomas (especially 

glioblastomas) by interfering with signaling pathways [45]. These include miR-26a-2 

(overexpressed in 12% of glioblastomas, which represses PTEN expression [45], [46]), 

mir34-a, miR-21, miR7, miR-124 and miR-181. 
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III. Anatomo-pathology: 

Gliomas are tumors that derive mainly from macroglia. According to their 

morphological characteristics, they are divided into several subcategories based on the cell 

type from which they arise. For each histopathological type, the WHO distinguishes four 

grades of increasing malignancy (I to IV). 

1. WHO classification of 2007: 

It is a classification based on a histogenic concept: the microscopic resemblance of 

tumor cells with a component of normal brain tissue and their degree of differentiation. This 

characterization is based on morphological criteria in standard staining (Hematoxylin-Eosin: 

HE), often completed by immunohistochemical studies (IHC), or even ultrastructural studies 

and the presence of anaplasia criteria: low differentiation, high cell density, nuclear atypia, 

mitotic activity, atypical mitoses, necrosis, vascular and endothelial proliferation, allowing to 

specify the grade [47]. 

Table V: 2007 WHO classification of diffuse glioma according to histology and grade. 
Phenotype Subtype Grade 
Astrocytic tumors Pilocytic astrocytome 

Diffuse astrocytoma 
Anaplastic astrocytoma 
Glioblastoma 

I 
II 
III 
IV 

Oligodendroglial tumors Oligodendroglioma 
Anaplastic oligodendrioglioma 

II 
III 

Oligoastrocytic tumors Oligoastrocytoma 
Anaplastic oligoastrocytoma 

II 
III 

However, this classification has certain limitations: lack of reproducibility due to the 

absence of specific markers and the subjectivity of the criteria with 30% inter-observer 

discordance between a grade II or III and between a tumor of astrocytic and oligodendroglial 
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origin [48], the lack of prognostic precision and of prediction of the therapeutic response. 

2. WHO Classification 2016: 

Following major advances in the field of molecular genetics, the 2016 WHO 

classification is no longer based solely on morphological criteria, but also on molecular 

parameters. Its aim is to define more homogeneous tumor groups in terms of prognosis and 

response to treatment. 

This classification separates diffuse astrocytic or oligodendroglial tumors from other 

astrocytic types (pilocytic astrocytoma, pilomyxoid astrocytoma, ependymal giant cell 

astrocytoma, and pleomorphic xanthoastrocytomas). The definition of the histopronostic 

grade of tumors has also been modified, but not that of diffuse gliomas, which remains 

based on cellularity, number of mitoses, presence of abnormal vessels and necrotic foci 

[49]. 

 

Figure 18: WHO classification 2016. 

 



Radiotherapy for high grade glioma: Experience of Oncology Radiotherapy Department of Mohammed VI University 
Hospital 

 

 

- 44 - 
 

3. WHO Classification 2021: 

The 2021 WHO classification of tumors of the central nervous system 

(CNS), 5th edition (WHO CNS 5) is built on the previous, revised 4th edition, 

published in 2016 (WHO2016CNS), which incorporated molecular information into 

the diagnosis of brain tumors for the first time, breaking with the century-old 

histogenetic classification. The basic concept underlying WHO2016CNS was rooted in 

the Haarlem Consensus Guidelines that aimed to establish instructions for 

incorporating molecular findings into the diagnosis of brain tumors and define 

diagnostic entities as narrowly as possible using molecular information. WHO CNS 5 

also adopted a series of recommendations of “the Consortium to Inform Molecular 

and Practical Approaches to CNS Tumor Taxonomy (cIMPACT)” that facilitates a 

consensus review of novel diagnostically relevant data and determines how such 

information can be fit into future CNS tumor classifications. However, the 

combination of histology and molecular information used to diagnose and grade CNS 

tumors remains at the center of tumor taxonomy. 
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Figure 19 :WHO classification 2021 
 

4. Anatomopathological aspect: 

Glioblastoma multiforme (GBM, grade IV) is characterized by the presence of necrosis 

and microvascular proliferation (endotheliocapillary). The necrosis is typically map-like with 

peri-necrotic cell palisades or takes the form of large areas of ischemic necrosis . The 

mitoses are numerous. 

The WHO distinguishes between small cell glioblastomas characterized by 

monomorphism, intense mitotic activity and low GFAP expression, glioblastomas with an 

oligodendroglial component that include typically "oligo-like" territories, multi-nucleated 
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giant cell glioblastomas (5% of GBMs), gemistocytic, granular cell glioblastomas (positive on 

PAS staining) or lipid cell glioblastomas depending on the majority contingent. Gliosarcomas 

are characterized by a biphasic, glial-mesenchymal architecture (2% of GBMs). The histology 

may mimic that of a lower grade if the sample was taken from the periphery of the tumor 

(CTI) or in a  territory that does not take the contrast medium. 

 
Figure 20: Glioblastoma multiforme : a) palisading necrosis (HPS, x200); b) 
glomeruloid neovascularization (HPS, x200); c) poorly limited invasion front 

(HPS, x100); d) palisading necrosis and "oligo-like" contingent in a glioblastoma 
with an oligodendroglial con. 
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Table VI: WHO 2007 grading of high-grade gliomas. 
Type cellulaire Différenciation Densité 

cellulaire 
Atypies 
nucléaires 

Activité 
mitotique 

Nécrose Prolifération 
vasculaire 

Astrocytome  
Grade III 

moyennement Augmentée présentes présente (≥ 2) Non Non 

Astrocytome  
Grade IV 

peu Elevée marquées marquée Oui Oui 

Oligodendrogliome 
Grade III 

anaplasie 
focale ou 
diffuse 

Augmentée présentes Nombreuses Possible possible, 
proéminente 

Oligoastrocytomes 
Grade III 

moyennement Augmentée présentes Nombreuses Non Possible 

Oligoastrocytomes 
Grade IV 

peu Elevée marquées Nombreuses Oui Oui 

5. Anne's Hospital Classification: 

The classification of the Hôpital Sainte-Anne is based on the study of systematic 

stereotactic biopsies along the biopsy tracts and on imaging. It distinguishes among adult 

gliomas, 3 histological categories: the oligodendrogliomas or oligo-astrocytomas of grade A 

or grade B, and glioblastomas [50]. 

The grading of oligodendrogliomas is based on contrast uptake and endothelial cell 

hyperplasia, defined by endothelial hyperplasia of all capillaries in at least one field at low 

magnification, and by the punctate presence of endothelial cell nuclei. A distinction is made 

between: grade A: absence of endothelial hyperplasia and contrast, grade B: presence of 

endothelial hyperplasia and/or contrast. 

Glioblastoma multiforme is defined with the same basic criteria as WHO, defining 

GBM isolated tumor cells as undifferentiated, with little or no visible cytoplasm without GFAP 

expression, oblong nuclei, inconspicuous nuclear membrane, and generally lacking 
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chromatin clusters. 

IV. Clinical examination: 

1. The time of evolution: 

This is the time between the onset of symptoms and the diagnosis. This delay is 

generally short. In several studies, it ranges from 1 to 3 months [1]. In our series, the time 

from onset ranged from 1 week to 2 years, with a mean time of 25 weeks. 

2. The reason for consultation: 

According to DNOR study, focal deficit was the most common symptom, reported in 

64% of all affected patients, while seizures (31%), cognitive changes (43%) and headache 

(35%) were less frequent [1]. 

In our study the reason for consultation was mainly represented by motor deficit in 

51% followed by intracranial hypertension 48% and disorders of higher functions in 18%. 

3. Clinical signs: 

The mode of expression of malignant glial tumors is that of any expansive process of 

the intracranial central nervous system that acts by two pathophysiological mechanisms: 

either direct suffering of cerebral structures giving rise to a lesional clinical expression, or 

an expansive syndrome secondary to the tumor volume itself, to the oedema that it induces, 

to venous vascular compressions or to the blockage of cerebrospinal fluid channels [19]. 

These two processes are responsible for the variability of the signs and symptoms 

presenting the tumor that can be classified under 3 headings: 

• Symptoms of encephalic dysfunction. 
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• Symptoms related to the expansive nature of the lesion. 

• Focal lesion syndroms [19]. 

a.General condition: 

The Karnofsky Index is a patient performance status scale that was developed in 

1948 by Dr. David A. Karnofsky, an American specialist in cancer chemotherapy, to provide 

an objective assessment of the functioning and survivability of patients hospitalized and 

followed for tumor pathology. The KPSS scale ( appendix 2) ranges from 100: which implies 

full functional capacity to perform daily activities in a normal manner without symptoms or 

signs of disease, to zero: which implies death [51]. It is reasonably reliable in predicting very 

limited survival time when the score is low (<50) and especially in patients with advanced 

malignancy [51]. 

In our series the majority of patients had a satisfactory general condition (36%), this 

index varied between 20 and 100% with an average of 81. 

Table VII: Karnofsky index according to studies. 
Authors Variation of the karnofsky index Average index 

Roy C Martin [52] 50---100 83 

Reithmeier [53] 20---100 80 

Chang [14] ---- 79 

Our cohort 20---100 81 

 

The WHO score is a tool that allows for a global assessment of the patient's general 

condition and plays an essential role in the therapeutic decision. 
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The Mini-Mental State Examination or Folstein Mental State Examination was 

developed to screen people with major neurocognitive impairment, it is also used to monitor 

cognitive status and to measure the decline in cognitive function of patients with the 

disorder, which is a major prognostic factor. It is in the form of a short answer 

questionnaire. The persons evaluated must also perform some simple tasks. The items 

assessed are grouped into six subsections: orientation, registration, attention and 

calculation, memory retention, language and constructional praxis[54].  

In our series, this examination was not used for patient evaluation. 

b.Symptoms related to the expansive nature of the lesion 

The ICHT syndrome is the consequence of the development of the tumor within a 

functional brain tissue contained in an inextensible cranial cavity. 

The importance of the symptoms is therefore correlated to the tumor volume, to the 

importance of the associated oedema and to the tumor topography. 

The ICHT associates bilateral throbbing headaches with paroxysmal reinforcement 

appearing when changing position, when coughing and sneezing, nausea and vomiting in jet 

as well as disorders of consciousness and vigilance, one can sometimes find a papillary 

oedema at the bottom of the eye and a diplopia by paralysis of the VI (abducens) without 

localizing value. 

The ICHT syndrome was found in 59.6% of patients in A. ALENTORN ET AL [55] ; 

26.7% in A. Vazquez [56]. In our series it was 48%. 

i. Headaches: 

Headache is a major reason for consultation in high-grade gliomas, whether isolated 

or associated with vomiting or disorder of consciousness, thus constituting an ICHT 
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syndrome. 

In our series, isolated headache was present in 36% of cases compared with 8% in A. 

Vazquez [57] and 31.8% in Pfund et al [56]. 

ii. Vomiting: 

Vomiting is characteristic of ICHT when it is easy to vomit, independent of meals and 

associated with headaches that can be calmed. 

In our series, 30% of our patients presented vomiting. 

iii. Disturbances of consciousness 

They may develop rapidly or progressively depending on the size and location of the 

tumor. Its degree varies from drowsiness to deep coma with decerebrate rigidity and 

neurovegetative disorders related to involvement. 

In our study, 12% of the patients presented consciousness disorders. 

c.Focal lesion syndrome 

i. Motor and sensory deficits: 

These symptoms are the consequence of infiltration of the brain parenchyma by the 

high grade glial tumor and depend on the tumor topography. They may be hemiplegic 

motor deficits, hemiplegic sensory deficits of variable intensity ranging from hypoesthesia 

to anesthesia. These deficits progressively worsen with tumor progression. 

In our series, motor deficits were present in 51% of cases, compared with 21.2% in 

Reithmeier [58] and 21% according to Korevaar [59]. Sensory deficit was present in 3% of our 

patients. 

ii. Coma seizures: 
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An epileptic seizure is an abnormal electrical discharge of neurons. Tumor growth on 

the surface of the brain can irritate the surrounding cerebral cortex and subsequently 

disrupt the activity of the neurons by triggering seizures. A partial or generalized epileptic 

seizure is indicative in about 40% of brain tumors. 

Table VIII: The frequency of comitial seizures according to studies. 

iii. Cranial nerve damage 

The involvement of the cranial nerves is not negligible, among the most affected 

nerves, we note the optic nerve, the facial nerve, and the cochleo-vestibular nerve, the 

pathetic nerve. 

In our series, we noted the involvement of the pathetic nerve in 3 % with divergent 

strabismus, the facial nerve in 9% of our patients with facial palsy and the cochleo-vestibular 

nerve in 3% who presented with hypoacusis. 

d.Symptoms of encephalic dysfunction 

iv. Higher Functions Disorder: 

It constitutes a major prognostic factor and includes: attention, executive functions, 

intellectual functions, visio-spatial functions, and language disorders [17]. 

In our series, 9% of our patients had aphasia, 6% had amnesia and 3% had a 

Authors Percentage 

Reithmeier [58] 32% 

Chang[52] 31.9% 

Mineo [17] 22% 

Our cohort 18% 
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behavioral disorder. 

Table IX: The frequency of higher functions disorder according to studies. 

Authors Perrcentage 

El fane [17] 20% 

Lonjon [14] 10% 

Delion [10] 24,4% 

Chang [52] 36,2% 

Our cohort 18% 

V. Paraclinical data: 

Imaging represents an essential step in the diagnostic approach of high-grade 

gliomas, and especially in the evaluation of the therapeutic possibilities and prognosis of 

these tumors. In the postoperative phase, it is used to evaluate the surgical procedure itself 

and to plan the associated treatments. In the follow-up, imaging is used to assess the 

responses and complications of these treatments. 

CT is currently the most accessible examination and should be performed as a first 

line of defence. MRI is often necessary for a complete characterization of the lesion. 

MRI is currently recognized as the examination of choice for diagnosis and also for 

follow-up. Diffusion and perfusion imaging techniques available on modern imagers are 

easily performed in clinical practice. They provide different and complementary information 

to that provided by morphological imaging, which is particularly interesting for diagnosis 

but also for follow-up. 

The purpose of imaging is to: 
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 Make the diagnosis of a brain tumor and eliminate non-tumor lesions. 

 Specify the location of this tumor in relation to the brain parenchyma (intra- or 

extra parenchymal, or intra ventricular). 

 Describe the morphological and enhancement characteristics (structure, limits, 

volume, extension) of this lesion and its impact on the cerebral structures (mass 

effect, involvement, hydrocephalus). 

 Evoke the nature and attempt to evaluate the degree of malignancy of the 

lesion. 

 To guide the indication and planning of the surgical procedure or stereotactic 

biopsy. 

 Ensure post-treatment follow-up [19]. 

1. The CT scan: 

CT is a rapid, easy and sensitive exploration technique. It is the method of choice for 

the initial diagnosis of high-grade glial tumors and allows a precise topographic diagnosis. 

It also allows to specify the morphological characteristics of glial tumors: size, shape, 

boundaries, presence or absence of calcifications, density, homogeneity or not and the type 

of enhancement after injection of contrast. It also evaluates the extension, the 

contributions, the presence of other localizations and the impact on the ventricular system. 

CT is still widely used because of these advantages: 

 Its cost. 

 Its greater availability. 
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 Its ease, rapid technique and feasible in case of contraindication to MRI or 

difficulties in its realization. 

 Its clear superiority in the detection and characterization of calcifications, 

particularly those of small size not visible on MRI [19]. 

CT also has disadvantages compared to MRI: 

 It is an irradiating technique. 

 It is less efficient for the analysis of iso-dense tumors, for the evaluation of 

tumor extension and for proposing a more precise histological diagnosis [19]. 

Although CT is not the reference examination, when performed for a grade III glioma 

or glioblastoma, it shows a hypodense mass of heterogeneous appearance with irregular 

contours. The tumor is surrounded by a hypodensity corresponding to the peri-lesional 

edema. Calcifications may be present, indicating the age and malignant transformation of a 

benign glioma. A mass effect, responsible for cerebral involvement and hydrocephalus, is 

often visualized. 

In case of injection of iodinated contrast, the contrast is heterogeneous. In case of 

central necrosis with annular contrast, the imaging is more often suggestive of a 

glioblastoma. 

In our series, CT was requested in 21 patients and it allowed to evoke the diagnosis 

in all cases. The tumor size in the long axis was between 2.9 and 7 cm, with an average of 5 

cm, with the presence of engagement in 20.68% of patients and perilesional oedema in 85%. 
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Figure 21: Axial section CT image of a heterogeneous poorly bounded occipital high-grade 

glial tumor before and after CP injection [17]. 

2. MRI: 

a.MRI in conventional sequence: 

It is a technique that does not use radiation and offers the hope of earlier diagnosis 

and, above all, the establishment of differential diagnoses. MRI allows to obtain slices in all 

planes of space, and its superior sensitivity in the evaluation of high-grade gliomas has 

been demonstrated. In addition, MRI allows exploration of the entire neuraxis, which is 

necessary to evaluate dissemination to the meninges [19]. 

It is performed without and with injection of the contrast medium: gadolinium 

chelate, and according to T1, T2 and FLAIR (fluid attenuated inversion recovery) weighted 

sequences which allows a better differentiation of the tumor, of the edema and a better 
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characterization of the cystic or necrotic portions of the tumor [53]. 

The high-grade glial tumor often has a heterogeneous appearance with irregular 

boundaries. Classically it has a T1 hypo signal and a T2 hyper signal. In the center of the 

tumor, a necrotic area can be seen. Around the lesion, there is a cerebral edema that is 

clearly visible on T2 and FLAIR sequences and which is now known to contain numerous 

tumor cells. 

In our series, MRI was performed in 24 of our patients. 

 
Figure 22: MRI appearance of a high-grade glial tumor in injected T1-weighted sequence 

(A), and in FLAIR sequence (B). [17] 

b.MRI in diffusion sequence : 

Diffusion MRI provides information on the malignancy of tumors; it allows the 

assessment of the mobility of water movements in a medium which is correlated to the 

apparent diffusion coefficient (ADC). When it is a dense cellular medium, water molecules in 

the interstitial (intercellular) tissue diffuse poorly: it is therefore a restricted diffusion 
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indicating the high grade of gliomas. Indeed, high grade glial tumors are characterized by a 

high cell density responsible for a restriction of diffusion with a decrease in ADC. Thus, 

diffusion imaging allows to approach the macroscopic composition of tumors and to 

participate in the discrimination of tissue, cystic, necrotic and edematous components and 

to guide stereotactic biopsies [53], [60]. 

Tractography or diffusion tensor imaging allows to assess the degree of organization 

and the direction of the myelinated fiber bundles by mapping the main white matter 

bundles. It then allows to clarify the anatomical limits of the tumor in relation to the 

bundles, an important element in the surgical management in order to reduce postoperative 

morbidity. It also allows to differentiate primary from secondary brain tumors, by 

distinguishing edema and peri-lesional infiltration [53], [60].  

 

 
Figure 23: Diffusion sequence MRI, showing a hypointense right parietal tumor process. 
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c.MRI in perfusion sequence : 

The perfusion sequence allows an estimation of the tissue perfusion by studying the 

variation of the signal intensity of the brain parenchyma during the first passage of a bolus 

of gadolinium in T2 gradient echo or spin echo sequence. It is always expressed as a relative 

value compared to the contralateral healthy tissue (white matter or gray matter). The study 

of tissue perfusion provides information on the density of circulating vessels within the 

tumor tissue, allowing the presence of tumor angiogenesis to be demonstrated, as reflected 

by tumor areas of increased perfusion. It also allows an approach of the tumor grade and 

the choice of biopsy sites. Perfusion values close to the gray matter generally correspond to 

WHO grade III [53]. In follow-up, the appearance of areas of increased perfusion reflects 

anaplastic transformation because it is rapidly followed by the appearance of contrast. 

 
Figure 24: Right hemispheric glioblastoma, bifocally enhancing in T1 post-gadolinium (A); 
showing significant hyperperfusion (B). Anisotropy mapping analysis confirms the presence 

of a single lesion by showing a range of isovals (green) between the two areas of 
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enhancement (C). Tractography shows a homolateral corticospinal bundle reflow and 
invasion of the corpus callosum (D). 

d.MRI in activation sequence 

Activation imaging uses an echoplanar sequence sensitive to blood oxygen content. 

This technique is based on the existence of a disproportion between regional increase in 

cerebral blood flow and oxygen extraction from the blood in response to cortical activation. 

Mapping of regional cortical activity for patients with gliomas located in certain key 

functional areas could be part of the functional areas could be part of the pre-therapeutic 

evaluation. This technique would correlate well with preoperative evoked potentials. 

Combined with data from preoperative evoked potentials, activation imaging may help the 

surgeon to spare functional areas, especially in the resection of gliomas close to motor 

areas [19].  

 
Figure 25: Activation imaging in a patient with a left frontal glioblastoma. Superposition of a 

mapping obtained during a finger tapping session (alternating periods of tapping 
movements of the right index finger and rest) and an axial section in spT1. The motor area 
of the hand (arrow) and part of the supplementary motor area (arrowhead) are localized and 
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their location with respect to the tumor infiltration allows to judge the possibilities of 
excision[19]. 

e.MRI in magnetic resonance spectroscopy sequence: 

Magnetic resonance spectroscopy (MRS) allows a metabolic study of the brain 

parenchyma, which makes it possible to distinguish between tumoral and non-tumoral 

lesions, and to approach the histological type and grade of the glioma [61]. therapeutic 

planning when radiotherapy is envisaged, by specifying the limits of tumor extension and 

assessing the post-radiotherapy response. 

Metabolites measured by proton spectroscopy on brain MRI are important elements 

of its cellular metabolism. We cite: 

 N-acetylaspartate (NAA) is a marker of viability and axonal density in normal 

neurons. Decreased resonance reflects neuroaxonal damage or replacement by 

pathological tissue, in this case tumor. 

 Choline (Cho) is of major interest in the exploration of brain tumors. It reflects 

membrane cell turnover and is therefore increased in all processes leading to 

hypercellularity. 

 Creatine (Cr) is a marker of the energy pool of brain cells characterizing the 

overall physiological state of the brain tissue. The creatine peak is often used as 

a reference peak because it is stable over time. 

 Myo-Inositol (mI) is a sugar, a marker of glial proliferation. It is particularly 

found in low grade glial tumors and in gliosis. 

 Free lipids are present in cases of necrosis. 

 Lactates (Lac), markers of anaerobiosis, witnesses of mitochondrial functional 
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alteration. They are not detectable in the normal brain, except in the CSF. They 

are increased in most pathological processes [9], [61], [62]. 

 
Figure 26: Grade III astrocytoma: nuclear magnetic resonance (NMR) spectrogram 

characteristic of an anaplastic glial tumor: collapse of the N-acetyl-aspartate peak, elevation 
of the choline peaks 

[63]. 

3. Arteriography 

It has lost much of its interest because of the information provided by CT and MRI. 

Nevertheless, in some cases, arteriography may be performed to clarify the relationship of 

the tumor with the arterial and venous vessels, and the degree of vascularization of the 

tumor, possibly accompanied by an interventional radiology procedure such as embolization 

before lumpectomy. It can show a repression of the normal vessels by the tumor, the 

presence of tumor neo-vessels and an arterio-venous shunt [4]. 
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In our series, no patient benefited from this examination. 

 

4. Positron emission tomography (PET) 

This is a metabolic imaging technique that allows to follow the metabolism of a 

molecule of interest labeled by a radioactive isotope. Two tracers are mainly used: a 

fluorine-18-labeled glucose analog, 18-FDG 2-[18F]fluoro-2-deoxy-D-glucose or 18-FDG, 

and an amino acid, 11-carbon-labeled methionine, L-methyl-11C-methionine or 11C-MET, 

which is the reference tracer in neuro-oncology. The uptake increases with the tumor grade 

[64] and is inversely correlated with the prognosis [64], and it thus allows differentiation 

between low-grade and high-grade gliomas [64], [65]; it also allows better orientation of 

the stereotactic biopsy, clarification of the size of the post-surgical tumor residue, 

identification of progression from one grade to another during the course of the disease, 

and differentiation between a recurrence and a post-radiation lesional process [66], [67]. 

PET can, to some extent, predict response to radiotherapy and probably to chemotherapy 

[68]. 

This examination was not performed in our patients because it was not available in 

our hospital.  
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Figure 27: PET findings of different grades of glioma. 

 
Figure 28: Interest of PET in the diagnosis of high grade glioma targeting biopsy. 

VI. Tumor location: 

Several classifications based on microscopic observation and histogenetic 

hypotheses have the defect of not taking into account the anatomical and surgical data 

which are however essential for the prognosis, especially since the diffusion of imaging 

methods allowing a very precise localization of most of the tumoral processes such as CT 
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and MRI. The location of the tumor is of considerable importance because lesions of the 

same histological nature can have a completely different evolution depending on their 

location. 

High-grade gliomas develop mainly in the suprasensory region, most often in the 

white matter of the hemispheres, especially in the frontal, temporal and parietal lobes [69]. 

According to the results of the DNOR study, the preferential location of high-grade 

gliomas was frontal (33%) followed by temporal (30%), parietal (18%), occipital (10%) and 

cerebellar (0.6%) [9]. The same result is also noted in the study of Yi Yang with (32.8%) at the 

frontal frontal level and (26.9%) at the temporal level, (18.7%) located at the parietal level 

and only (4.4%) at the occipital level [69]. 

In our series in which we find that the tumor localization was predominantly parietal 

(36%), followed by temporal (15%), front-parietal (15%), frontal (12%), temporo-parietal 

(12%), cerebral trunk (3%), thalamus (3%), then axial (3%). 

VII. Metastasis:  

High-grade gliomas are infiltrating tumors preferentially affecting the cerebral 

hemispheres. These lesions rarely metastasize to other organs such as the liver or lungs, 

however, cases of metastasis to the neuraxis: intracranial cavity or distant intra-axial 

(intrarachid dissemination into the CSF) or peripheral nerves, have been described; 

according to Saito's series, intracranial metastases were more frequent than spinal 

dissemination with a reported incidence of 25% and 8.8%, respectively, but this remains 

exceptional [53]. 

According to the results of a study by M. Fourtasi, the metastases of 4 cases of 
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malignant glioma involved bone, bone marrow, liver, lung and kidney and appeared 3 to 13 

months after the surgical procedure. The overall survival after the occurrence of systemic 

metastases was between 2 and 5 months in cases of glioblastoma, and 8 months in the case 

of anaplastic oligodendroglioma: the latter, carrying a Co-deletion of chromosomes 1p and 

19q, had responded well to chemotherapy [70]. 

In our series, no case of metastasis was found. 

VIII. Prognostic factors: 

The prognosis for patients with high-grade glioma is often very poor, despite recent 

advances in the diagnosis and treatment of the disease, which makes the study of clinical 

features and prognostic factors, a crucial step in order to provide a more targeted approach 

and basis for the treatment and management of patients, and this by allowing the 

estimation, depending on their presence or absence, of life expectancy, and to determine 

the therapeutic project as well as the personal plans of the patient and Identify the 

predictive factors of the response to treatment.  

1. Clinical prognostic factors 

a.Age: 

Age is the most frequently cited prognostic factor in most studies of high-grade 

gliomas. The age of the patient with high-grade glioma plays a crucial role in the prognosis 

and survival of the disease, it conditions the surgical management as well as the associated 

therapies (radio-chemotherapy), advanced age is associated with a decrease in the use of 

these three modalities and an increase in supportive care, due to the decrease in tolerance 

of the elderly to the operation because of their poor physical condition 
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Several studies have confirmed that the incidence of cancer has increased with age, 

especially after 65 years of age, due to the poorly adjusted immune system of the elderly 

and the function of the anti-tumor system as well as the low repair capacity of cells [69]. 

 According to the SEER data, age greater than or equal to 65 is a poor prognostic 

factor for HGG with a decreased survival rate and a high death rate and a decreased chance 

of surgical resection of the tumor as well (Table XII). 

In our series 5 cases (15%) of our patients were older than 65 years. 

 

Table X : Results of survival rate, number of deaths and surgical resection of high-grade 
gliomas stratified by age [71] 

b.Clinical and cognitive status 

Cognitive status before surgery or oncologic treatment has been reported as a 

predictor of survival time independent of age and Karnofsky PS (KPS). Meyers reported that 

decline in cognitive performance over time preceded radiological evidence of HGG disease 

progression in 85% of cases and was accompanied by a five-fold increase in the risk of PD 

according to Armstrong and colleagues. Cognitive deterioration over time could thus 

Age groups 20-39 
years 

40-59 
years 

>65   
years 

Surgical 
resection 

22,91 22,50 19,7 

Survival 61,36 34,93 22,32 

Death 37,01 62,09 73,12 
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provide information on tumor activity during the course of the disease [59]. 

A Karnofsky score above 70 is correlated with long survival.  

In our series, the median Karnofsky score was 81. 

 
Figure 29: Kaplan Meier estimate of overall survival KPS <70 versus KPS >70. [72] 

Revealing symptoms of the HGG tumor influence survival, which is significantly 

higher in patients with initial critical symptomatology compared with those who presented 

with HTIC or neurological deficit at diagnosis [73]. 

2. Histological prognostic factors: 

The histological criteria retained as significantly correlated with outcome were the 

number of mitoses, necrosis, nuclear atypia, endothelial hyperplasia, and capillary network 

density, the median survival with or without endothelial hyperplasia was: 3.5 versus 11 years 
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and increased from 10 to 51 weeks if there were more than 70 microvessels per field (×200) 

[73], [74]. Histological grade has the greatest impact on survival cited in most studies for 

high-grade gliomas with a median survival of no more than two years. 

3. Biological prognostic factors 

The identification of certain molecular alterations allows to better define the tumor 

process and its prognosis. The major biomarkers that have been described for high grade 

gliomas are: 1p/19q deletion, O6-methylguanine-DNA methyl transferase (MGMT) promoter 

mutation, IDH1/IDH2 mutation. 

4. Radiological prognostic factors 

Prognostic factors Tumor location is considered a prognostic factor since frontal 

location correlates with a good prognosis, unlike temporal and parietal location [75], 

contrast enhancement is in favor of a high grade of malignancy and therefore considered a 

negative prognostic factor [76]. 

In our series, frontal localization was observed in only 4 patients (12%). 

The tumor necrosis takes the aspect of a centro-tumoral lesion, irregular, hypo 

dense in CT, hypointense in T1 and hyperintense in T2 in MRI without enhancement after 

injection of CP, it is an important prognostic factor whatever its volume. Also considered as 

a factor affecting prognosis is a tumor larger than 6 cm, or exceeding the midline of the 

brain and the presence of major peri-tumor edema [77]. 

5. The extent of surgical resection  

Surgical resection significantly influences both short-term and long-term outcomes. 

The extent of surgical resection assessed by early postoperative MRI is a major factor of 
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better prognosis [77]. 

In our series, the resection was total in 12 patients (6%), partial in 15 patients (5%), 6 

(18%) patients had a biopsy. 

a.Methylation of the promoter of the MGMT 

(O6MethylGuanineMethylTransferase) 

The MGMT enzyme removes the alkyl groups at the O6 position of guanine and 

induces DNA repair, thus eliminating mutagenic and cytotoxic O6 alkylguanine lesions. High 

expression of MGMT then induces resistance to chemotherapy. Molecular analysis of MGMT 

promoter methylation status therefore represents a prognostic factor in glioblastoma and 

also has predictive value on therapeutic response [78]; promoter methylation inactivates this 

gene, it is then unable to repair the damage caused by alkylating chemotherapy such as 

temozolomide and thus makes this oncological treatment more effective.  

 
Figure 30: Mutation of the MGMT promoter. [79] 

b.IDH1 and IDH2 (Isocitrate dehydrogenase) mutations: 

IDH1 and IDH2 mutations have an important diagnostic value and are synonymous 

with diffuse gliomas with a prognostic value in terms of prolonged survival [79], [80]. 
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Detection is performed by immunohistochemistry associated with the search for rare 

mutants in molecular biology if immunohistochemistry is negative. 

It is almost always present in patients with a 1p-19q co-deletion, but is inconstant in 

non-co-deleted patients (32-35% of cases) [81]. When the IDH mutation is isolated, it seems 

to define within anaplastic gliomas an intermediate prognostic group, between the 1p-19q-

IDH co-deleted patients having the best prognosis and the patients having neither co-

deletion nor IDH mutation who constitute the worst group. This mutation is present in the 

majority of grade III gliomas (50-60% grade III, 5-10% of secondary glioblastomas). 

c.Co-deletion 1p19q: 

Co-deletion 1p19q is a factor in prolonged survival and chemosensitivity to PCV 

(procarbazine, lomustine and vincristine) and Temozolomide [82]. The discovery of a 1p-

19q co-deletion in a patient managed for anaplastic glioma indicates a much better 

prognosis compared to tumors without this co-deletion with a 3-5 fold longer median 

survival [83]. 

 

Figure 31: Co délétion 1p19q. [83] 

d.Mutation of the promoter of the TERT (Telomerase reverse transcriptase) gene 
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This mutation affects 80% of glioblastomas and 95% of 1p19q co-deleted gliomas. 

The TERT promoter mutation induces telomere size maintenance and thus the absence of 

cellular senescence [84]. 

e.Histone H3K27M mutation 

The H3K27M mutation affects about 5-10% of IDH Wild Type gliomas (unmutated) 

and 90% of unmethylated MGMTs, and is thus predictive of a poor prognosis [84]. 

f. Amplification of EGFR 

EGFR amplification of variable intensity correlates with protein overexpression and 

poor prognosis [83], [84]. Most abnormalities result in the formation of a mutant transcript 

called EGFRvIII that is observed in high-grade gliomas. Tumors overexpressing EGFR show 

chemoresistance to the treatment used, PCV and/or Temozolomide [85], [86]. 

g.The TP53 mutation 

The TP53 mutation corresponds to the loss of the tumor suppressor gene p53 which 

allows the arrest of the propagation of cells with an unstable genome by causing cell cycle 

arrest in G1 phase or by activating cell death via apoptosis [87]. The loss of this tumor 

suppressor gene is associated with genomic instability that favors the appearance of 

successive genetic mutations responsible for an increase leading to tumor progression [88]. 

IX. Therapeutic management 

High-grade gliomas are very aggressive tumors, their management after histological 

confirmation is based on a therapeutic strategy combining surgical removal as complete as 

possible, followed by radiotherapy and chemotherapy, medical treatment to combat cerebral 

edema and ensure a good state of hydration. 
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1. Symptomatic treatment: 

The goal is to create optimal conditions for craniotomy and tumor resection with 

minimal risk by acting on two factors: reduction of intracranial volume to lower intracranial 

pressure and cerebral protection to ensure tolerance to ischemia. Various treatments may be 

necessary. 

a.Corticosteroid therapy 

Corticosteroids (dexamethasone and methyl prednisolone) are systematically used 

preoperatively because of their efficacy on tumor edema [89] and lead to a spectacular 

neurological improvement. Their mechanism of action associates an inhibition of certain 

enzymes, in particular phospholipase A2 responsible for the release of arachidonic acid, a 

direct action on the tumor capillaries, and stabilization of the cell membranes. Thus it is 

used to reduce the permeability of the BBB [90]. Their reaction is rapid, within a few hours, 

particularly in tumors accompanied by significant edema. 

Dexamethasone is used at a dose of 1 mg/kg or more if necessary, depending on the 

clinical condition, with the addition of a gastric protective H2-receptor blocker [91]. 

All our patients received methylprednisolone-based corticosteroid therapy at a dose 

of 120 mg pre- and postoperatively. 

b.Osmotic diuretics 

Mannitol improves cerebral compliance by reducing the water content of the cerebral 

parenchyma by creating a transcapillary osmotic gradient. Moreover, the decrease in 

viscosity that it causes improves the perfusion of ischemic cerebral areas. The effect of 

mannitol used in infusion at a dose of 0.25 to 1g/kg over 15 to 20 minutes, starts 5 

minutes after the end of the administration with a maximum effect between the 30th and 
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40th minute and lasts for 2 to 3 hours [92]. Hypertonic saline is as effective as mannitol and 

seems particularly indicated in situations of hypovolemic shock with intracranial 

hypertension. 

c.Anticonvulsants 

Instituted in patients with epileptic seizures and also during surgery as a 

prophylactic measure [93]. The treatment lasts 2 to 3 months after surgery, levotiracetam is 

strongly recommended [91]. 

 In our series, an anti-comitial treatment based on sodium valproate was indicated in 

patients with comitiality. 

d.Analgesics 

Analgesic treatment was prescribed for all our patients pre and postoperatively. It 

was generally administered according to WHO levels. 

In association with the above-mentioned means, the global management of high-

grade gliomas includes complementary support care such as a psychologist, a social worker, 

a dietician, physical rehabilitation with the help of a physiotherapist and psychomotrician, 

and speech therapy. The installation of devices in case of hearing loss or visual disorders as 

well as aids for home maintenance (medical bed, wheelchair, nurse and home help) are used 

according to the deficits presented by the patients. Anxiolytic and antidepressant 

treatments may also be prescribed. 

2. Specific treatment 

a.Surgical treatment 

The therapeutic management of high-grade glioma is mainly based on surgery, 

whether it is surgical resection or simply a biopsy. It allows the histological diagnosis of the 
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tumor, to establish a therapeutic strategy, and to obtain an immediate symptomatic 

improvement by reducing the frequency of seizures, lowering intracranial pressure and 

eliminating the deficit related to tumor compression [94]. 

i. The biopsy 

The biopsy must be performed each time a radical or subtotal surgical procedure is 

not envisaged, in any case each time before a complementary treatment by radiotherapy or 

chemotherapy is undertaken, we distinguish between open biopsies, and stereotactic 

biopsies with or without frame, it requires a strict anatomical location (cerebral scanner, 

angiography and cerebral MRI prior to it). Mortality is less than 1%, the main risk is intra-

tumor hemorrhage. 

The indications for biopsy depend on the characteristics of the lesion: 

 Functional area (motor, language area, visual...). 

 Deep location (basal ganglia). 

 Invasion of the corpus callosum. 

 Multifocal lesions [95]. 

 Simple surgical biopsies: 

They are conceivable only in case of a sufficiently large tumor of superficial 

topography, in an accessible lobe (frontal or temporal), at a distance from a highly 

functional region. A simple circular craniotomy of 2 to 3 cm in diameter allows direct control 

of the biopsied area, cortical and subcortical hemostasis under visual control. 

Extemporaneous examination is essential and must confirm the presence of tumor cells in 

the specimens before closure. General anesthesia is preferable for reasons of comfort. 
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 Imaging-guided biopsies: 

These are similar to image-guided excision techniques and include location imaging 

(3D MRI sequences, specific sequences, transferred to an image processing console) 

followed by the procedure itself, most often under general anesthesia. Neuronavigation 

instruments have the advantage of locating the projection point on the scalp of the tumor 

iso-center, its contours and the point of biopsy. The craniectomy is then reduced in 

diameter, from 2.5 to 3 cm, in order to limit unnecessary cortical exposure. Once the dura is 

opened, the samples are taken under visual control, and the same requirement for 

extemporaneous anatomopathological examination before closing the approach is 

necessary. The neuronavigation equipment allows to check the position of the biopsies in 

relation to the initial location. 

 Stereotactic biopsies: 

The biopsy allows to take a precise sample of the intracerebral lesion by trepanation 

after radiological location and with the help of a dedicated frame called "stereotaxis frame" 

in order to have it analyzed in the anatomopathology laboratory. The procedure is as 

follows: 

 The use of a stereotactic frame that: 

 Ensures reproducible restraint of the skull. 

 Creates a three-dimensional operative space in which the patient's cerebral 

anatomical space is integrated. 

 Centers the radiological sights for the operative controls. 

 Serves as a fixation for different instruments and instrument holders. 

Subsequently, the imaging allows the calculation and simulation of intracerebral 
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trajectories oriented according to the individual anatomy and the calculation of proportional 

coordinates of anatomical structures and brain lesions. 

 Instrumental surgical approach through a small diameter craniotomy orifice. 

 Interactive verification of the procedure performed with, first of all, radiological 

control of the position of the implanted intracranial instruments. 

 In the case of glial brain tumor biopsies, it is the realization of staged biopsies 

according to a trajectory that interests the different components of this tumor. 

The topography of the trajectory and the number of biopsies must take into 

account the location of the tumor, particularly in relation to functional 

structures, and its extension as it appears on imaging. The biopsies must be in 

sufficient number and performed in the lesion and peri-lesion areas. The rate of 

non-contributing biopsies is 4 to 9%[81], [96]. 

The extemporaneous examination remains essential, cytological techniques (smear 

technique) have proven their reliability with a correlation rate of 80 to 90% between 

extemporaneous and definitive diagnosis [96], but it only provides a confirmation of the 

glial nature of the tumor. It is only the final anatomical examination that will determine the 

other data necessary for grading, those of molecular biology and those of cellular marking. 

It is worth remembering the interest of correlating anatomopathological data with imaging 

data, increasing the reliability of a necessarily limited biopsy sample [81], [96]. Cell labeling 

techniques allowed us to show the presence of isolated tumor cells in cycles beyond the 

tumor limits visible on conventional imaging, i.e. in T2 and FLAIR sequences. The very low 

proportion of cycling cells in these regions distant from the imaging anomalies makes them 

difficult to detect. Recent work on the use of H1 proton spectroscopy sequences in glial 
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tumors suggests that the limit of tissue spectral profile abnormalities lies beyond that of 

visible T2 or FLAIR abnormalities [97], [98]. 

In our series, 18% of cases had undergone biopsy. 

 
Figure 32: Creation of a trepan hole in stereotactic condition. [17] 

ii. Surgery of exeresis 

Resection surgery remains a major option in the therapeutic management of high-

grade gliomas and is considered a major prognostic factor. Tumor resection is also useful to 

reduce the mass effect and/or neurological deficit; it can also reduce the need for 

corticosteroid therapy, and it allows for a decrease in the dose of radiotherapy, increase the 

effect of chemotherapy, and limit the sampling error that can occur when a single sample 

biopsy is obtained [99]. 

Exceresis techniques vary from team to team and depend mainly on individual 

parameters: age, terrain, location, tumor volume, and grade assumed on imaging data or 
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previously identified by biopsy. The proximity or not of highly functional areas (motor, 

sensitive or language), which must be respected. They must be followed by a rigorous 

operative strategy involving the use of pre or peroperative location techniques (functional 

MRI, stereotaxis, neuronavigation, echography), as well as cortico-subcortical stimulation 

techniques, the objective of which is to minimize the functional risks while ensuring a good 

quality of excision. 

Macroscopically complete resection can be defined by the surgeon's impression that 

all tumor tissue has been resected and that the resection margins have passed into 

macroscopically normal brain tissue [100]. Complete resection is defined by the 

disappearance of all contrast on immediate postoperative imaging (48 hours after), CT or 

more commonly MRI in T1 sequence with gadolinium injection [101]. 

 Stereotactic excision: 

It allows : 

 Oriented surgical planning that is mindful of individual anatomy. 

 Choice of a trajectory and a surgical approach respectful of the functional 

regions and structures. 

 Realization of a limited circular craniotomy and a minimal transcortical 

approach. 

 Resection controlled by the coupling between preoperative imaging and 

surgical microscopy [102]. 

  Neuronavigated resection: 

Used by a trained surgeon who is aware of its limitations, neuronavigation tools, 

pointers, microscopes are proving to be very useful in the resection of gliomas in functional 
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or subinsular regions. They are widely used during the resection of supratentorial gliomas, 

in particular at the beginning of the operation to perform a bone flap of reduced size 

adapted to the location and volume of the tumor, but also during and at the end of the 

resection where they support or correct the surgeon's judgment on the extent of the 

resection. 

A recent study integrating functional MRI activation images in a neuronavigation 

environment has shown the usefulness in the resection of tumors in the vicinity or at the 

level of a functional region, allowing the prediction of the risk of neurological deterioration 

as a function of the distance between the lesion boundaries identified during surgery and 

the position of functional activation signals [103]. 

 
Figure 33: Neuronavigation is an interactive tool that allows the surgeon to indicate at any 
time the position of his instruments (1) and his microscope focus on the patient's three-

plane MRI, which is itself displayed on a monitor (3). Infrared cameras (2) positioned in the 
operating room detect several times a second the millimetric positioning of each of the 
elements: patient's head, microscope focus, pointer, surgical instruments (Carpentier 

cliché). [104] 
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 Excision under intraoperative ultrasound: 

Intraoperative ultrasound is an additional means of checking both the quality of the 

excision and the extent of cerebral displacement, which progressively distorts the 

neuronavigation data during the operation. In order to update the neuronavigation data, 

some teams have tried to match the neuronavigation images to the ultrasound images 

[105]. 

  
Figure 34: Intraoperative ultrasound is an additional means of checking both the quality of 

the exeresis (many tumors are hyper echogenic) and the extent of the cerebral displacement 
progressively distorting the neuronavigation data during the operation (Carpentier 

photograph) [104]. 
 Excision under operative MRI: 

The removal of the tumor under operative MRI allows to control the quality of a 

tumor removal and to overcome the problem of cerebral displacement during the operation. 

during the operation. However, it comes up against numerous technical and economic 



Radiotherapy for high grade glioma: Experience of Oncology Radiotherapy Department of Mohammed VI University 
Hospital 

 

 

- 82 - 
 

constraints, which limit its use in neurosurgical operating rooms. A distinction is made 

between high-field MR imagers (1.5 T), installed in an operating room of sufficient size, and 

compact low-field imagers (0.15 T), which are mobile and open, and are integrated into the 

operating field. 

Low field imagers are sufficient for the evaluation of the quality of excision in the 

majority of cases [72], at least in the case of tumors that take contrast on MRI. Nimsky et al. 

recently reported their experience in 47 patients with a glial tumor resected under high-

field operative MRI. They showed that in a team trained in tumor surgery, operative MRI 

prompted complete resection on imaging in nearly 40% of cases of low- or high-grade 

tumor, without additional morbidity [106]. 

 
Figure 35: Preoperative MRI. 

 Excision in the functional zone: direct cortical stimulation techniques (awake 

surgery): 

This intraoperative electrophysiology can concern either the motor regions (on 

sleeping patients), or the sensory, visual or language regions (on awake patients). It is based 

on the principle of bipolar electrical stimulations on the cortex or on the path of subcortical 

fibers [106], [107], inducing a peripheral response. A cortical and subcortical somatotopy is 
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thus defined for each patient and is materialized by numbered bookmarks. These data are 

continuously compared to the preoperative functional MRI data. A precise preoperative 

cognitive assessment quantifying the possible neurological deficits of the patient is essential 

in order to know perfectly his clinical state, indeed, a motor mapping is not reliable if the 

patient cannot fight against gravity and is infeasible if the patient is completely deficient. 

Similarly, intraoperative mapping of language areas is not reliable if the patient has an error 

rate of more than 25% in the object naming test. The use of corticosteroid therapy before 

the operation may improve the deficit and allow intraoperative mapping. 

Technically, the operative conditions allowing cerebral mapping require the 

maintenance of normothermia (heating blanket), the absence of curare, local anesthesia of 

the subcutaneous and dura mater (for awake patients) and antibiotic prophylaxis when the 

procedure lasts two hours or more. The Ojeman bipolar stimulator, applied directly to the 

cerebral parenchyma (cortex or fibers) for two to five seconds, sends a continuous train of 

pulses of 0.1 to 1.5ms each, of adjustable intensity (from 2 to 12mA) at a rate of 20 to 60Hz 

(60Hz = 60 pulses per minute). It is usually recognized that a 10mA stimulation spreads 

over a 5mm radius around each of the two stimulator pads. Thus, the tumor resection must 

be stopped as soon as the stimulation of the faces and the edges of the operating cavity 

generates a motor or sensitive response [108]. At the end of the operation, a new mapping 

is performed since it allows to predict the potential of neurological recovery in the 

postoperative days. The stimulation of the language areas uses the same parameters. In 

order to explore the primary functions of language as much as possible, at least two 

cognitive tests must be performed: naming of objects presented every four seconds "this is 

a...", counting test (counting from 0 to 50). In order to ensure a lower risk of postoperative 

aphasia, it is recognized that a 10 mm safety margin of apparently non-functional cortex 
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should be left around the eloquent areas (which is not the case for the motor areas). 

In our series, 12 cases (36%) had total resection and 15 cases (45%) had partial 

resection. 

 
Figure 36: Intraoperative direct cortical and subcortical stimulation by the Ojeman bipolar 

stimulator (Carpentier photograph). [104] 

iii. Therapies associated with the surgical procedure 

 Fluorescence microscopy: 

Fluorescence microscopy is based on the use of a hemoglobin precursor that allows 

the accumulation of fluorescent porphyrins in high grade gliomas. The detection of this 

fluorescence in the operating room via the microscope allows the visualization of certain 

persistent tumor islands and therefore, in theory, their better resection. The landmark 
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clinical trial on this technique was published by the ALA-Glioma Study Group in 2006[94], in 

which 161 patients with malignant glioma received a dose of 5-aminolevulinic acid in 

drinking water (Gliolan), the precursor that leads to the accumulation of fluorescent 

porphyrins in the tumors. At the same time, 161 other patients underwent conventional 

surgery. After a follow-up of more than 35 months, the authors explain that resection was 

considered complete in 65% of patients in the fluorescence group compared to 36% in the 

reference group (p < 0.0001). The six-month progression-free survival rate was 41% in the 

5-aminolevulinic acid group and 21% in the other group. Despite all the inevitable biases of 

this study, there would seem to be an increase in progression-free survival compared with 

conventional microsurgery. 

 
Figure 37: High-grade glioma optimization of fluorescence resection; operative view in 

white light and red fluorescence in blue light (400nm), specific accumulation(x200). 
 Photodynamic therapy: 

Photodynamic therapy (PDT) is a two-step treatment involving the intravenous 

administration of a photosensitive agent followed by its activation at a specific light 
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wavelength to target tumor cells; this sensitizer induces, via molecular oxygen-dependent 

mechanisms, cell death by oxidation. Thus, persistent tumor islands at the edge of the 

resection cavity and invisible under the operating microscope can be destroyed. PDT 

remains a promising therapeutic approach that requires further study in HGG [109]. 

 Immunotoxin: 

It combines a ligand known to bind to molecules expressed on the surface of glial 

tumor cells (EGFR, TNFR...) and a toxin derived from bacteria. The The particularity of these 

molecules is that they require administration by micro-perfusion through catheters placed 

in the surgical site and connected to an external pump [110]. 

iv. Complications of surgery 

Operative complications are rarely reported in the literature, and vary according to 

the surgical procedure. We speak of transient morbidity (infections, hematomas, 

hydrocephalus, regressive deficits) and permanent morbidity (permanent deficits). 

The overall rate of post biopsy complications in the literature varies between 0.6 and 

7.2%; these are mainly seizures, hematomas, cerebral edema, and infections [97], [110]. 

In our series, the patients who underwent STB were previously prepared (with 

anticonvulsants and corticosteroids), and the procedure was performed under good aseptic 

conditions. Also, we do not note any post-biopsy complications. 

In the case of excisional surgery, the reported complication rates are in the range of 

6 to 21% and can reach 28%. Mortality rates are 0 to 5%. In a large review of 400 

craniotomies for brain tumors, Sawaya et al. [111] reported an overall transient morbidity 

rate of 19% and a permanent morbidity rate of 13%, and an overall mortality rate of 1.7% 

[90], [111]–[114]. reported an overall transient morbidity rate of 19% and a permanent 
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morbidity rate of 13%, and an overall mortality rate of 1.7% [124][125][126][127].  

In our series, there was no operative mortality. The rate of infections was 3.4% 

(Pneumopathy), and the rate of aggravated or additional deficits was 6.84%. The rate of 

postoperative hematoma and fistula was 3.44% and postoperative edema was 13.79%. 

However, we lack data to estimate the actual rate of permanent or transient morbidity given 

the number of patients lost to follow-up. 

Table XI: Postoperative morbidity and mortality in different series in the literature. 

Series Number of 
patients 

Surgical 
Mortality (%) 

Infectious 
complications 
(%) 

Added Déficit 
(%) 

Ciric et al. 
[114] 

42 0 2 7 

Ammirati et al. 
[113] 

31 0 3 6 

Celli et al.[86] 105 9,4 0,3 _ 

Devaux et al. 
[115] 

263 1,1 _ 1,1 

Our cohort 33 0 3,4% 6,89 

b.Radiotherapy: 

Radiotherapy has a central place in the treatment of high-grade gliomas, and its 

adjuvant treatment after surgery is currently the standard treatment. Given the often 

infiltrative character of high-grade gliomas, either the surgical excision as large, can not be 

considered as carcinologically complete. Therefore, radiotherapy has been widely used 

postoperatively with the theoretical aim of sterilizing possible tumor lesions and prolonging 

the duration of postoperative remission. All the available data seem to show a beneficial 
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effect of radiotherapy in the treatment of high grade gliomas. 

 The dose delivered will depend on several factors such as the age and general 

condition of the patient. A dose/efficacy analysis confirmed that in malignant gliomas, the 

delivery of a dose of 60 grays in 1.8 to 2 grays fractions is associated with better survival 

compared with lower doses of radiotherapy [116]130]. The volume of radiotherapy must 

take into account the tumor infiltration visible on T2 or FLAIR weighted sequences, and the 

risk of side effects associated with a large volume of irradiation. 

 Toxicity of radiotherapy: 

Acute: Several acute side effects have been described: asthenia, 

increased peri-tumor edema, skin erythema, and seizures, especially 

in cases of previous coma in the history of the disease[117] . 

Chronic : Late toxicity is important to consider since patient survival 

has been significantly prolonged. Hypopituitarism, mood change, 

memory impairment, dementia, coordination and/or balance 

disorders, and postradial necrosis are the main complications 

described. Postradiation necrosis classically occurs 6 months to 5 

years after cerebral radiotherapy and may mimic a tumor recurrence. 

MRI spectroscopy, perfusion MRI and especially PET scans can help in 

the diagnosis [118]. 

A study by Emami & al, IJROBP [119] showed that the probability of developing a 

brain complication increases when the dose exceeds 60Gy. 
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Figure 38: The probability of the occurrence of complications. [119] 

c.Chemotherapy: 

Chemotherapy has entered the therapeutic arsenal of high-grade gliomas to improve 

the prognosis because of its success in other cancerous pathologies. Its interest lies in the 

reduction of volumes and doses delivered, thus improving the quality of survival and the 

cure rate. This chemotherapy can be delivered pre-, per- or post-radiotherapy. The route of 

administration can be intravenous, intra-arterial or directly to the tumor at the time of 

surgical resection or via stereotactic procedures. 

The median survival of HGG from series is 52 weeks, the percentage of survivors at 

18 months is about 20%. The strategy varies according to the timing of treatment in relation 

to surgery and radiotherapy: neoadjuvant chemotherapy (after biopsy), adjuvant (after 

complete excision or radiotherapy), or at recurrence. The evaluation criteria are clinical (free 

interval, objective survival response rate) and radiological, in practice measured by contrast 

uptake (complete response, partial response, stabilization). 

Combined with surgery and radiotherapy, chemotherapy increases median survival to 
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12 months for glioblasts and to 2-3 years for anaplastic astrocytomas. A significant 

improvement in median survival was observed for oligodendrogliomas and anaplastic 

astrocytomas with PCV (Procarbazine, Lomustine, and Vincristine) [120], and with the 

combination of fotemustine, cisplatin, and etoposide for nonoperable high-grade gliomas 

[121]. For recurrence, temozolomide [122], [123], a methylating agent close to dacarbazine, 

and fotemustine have received marketing authorization in France for glioblastoma after 

failure of standard treatments. The EORTC trial [124] defined a new standard for 

glioblastoma, based on the administration of temozolomide, which is an exclusive oral 

chemotherapy concomitantly with and following the conventional radiotherapy regimen 

(stupp protocol). In a population of 573 randomized patients, this regimen increased the 

median survival from 12.1 to 14.6 months and the 2-year survival rate from 8 to 26%, 

compared with exclusive radiotherapy. Temozolomide, also effective in anaplastic 

oligodendrogliomas, is generally preferred over PCV for its ease of administration, better 

tolerability and proven efficacy. It is generally administered at a dose of 150-200 mg/m2 

from day 1 to day 5 for 4 weeks. 

 
Figure 39: Therapeutic scheme of Temozolamide concomitantly with radiotherapy and in 

adjuvant "Stupp's scheme". 
 Chemotherapy Toxicity: 

VCP-based chemotherapy has multiple side effects such as nausea, vomiting, 

anorexia, fatigue, rash, numbness or paresthesia, abdominal pain, constipation, 

hepatotoxicity, encephalopathy, seizures, intracranial hemorrhages, infections, neutropenia, 
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and thrombocytopenia. Temozolomide has a rate of hematotoxicity between 8 and 23% [92], 

[124], which is lower than the rate of PCV [125]. Temozolomide does not exhibit cumulative 

toxicity, unlike PCV [126], which allows for prolonged administration. 

d.Tumor-Treating Fields (TTFs) 

Tumor-treating fields are a newly approved physical treatment that uses transducer 

arrays applied directly to the scalp to give low-intensity (1–3 V/cm), intermediate-frequency 

(200 kHz) alternating electric fields to treat newly diagnosed or recurring GB. TTFs generate 

selective toxicity in quickly dividing cells by causing neuronal depolarization and disrupting 

microtubule formation during mitosis. Since 2015, the FDA has approved this treatment 

technique as an adjunct therapy for recurrent gliomas [127], [128]. 

A phase III trial conducted by Stupp et al. reported a PFS improvement of 6.7 months 

for the maintenance TMZ + TTF group versus 4.0 months for the maintenance TMZ-alone 

group (HR, 0.63; 95 percent CI, 0.53–0.76 [p < 0.001]) and an OS benefit of 20.9 months vs 

16.0 months for the maintenance TMZ-alone group (HR, 0.63; 95 percent CI, 0.53–0.76 [p < 

0.001] (HR, 0.65; 95% CI, 0.53–0.76 [p < 0.001]) [127], [128]. 

TTFs have been tested in phase II and III trials in both first-time treated and recurring 

GB patients. PFS, OS outcomes, and objective responses improved as a result of the study. 

However, disagreements over study design, execution, and data interpretation have raised 

questions about the current evidence. Furthermore, the cost of completing the therapy is a 

further impediment to TTFs being used regularly [127], [129], [130]. 

There is plenty of evidence generated in the last years about the benefits of TTFs in GB. 

This therapy currently represents a potential alternative for the management of newly 

diagnosed and recurrent GB patients. However, despite the advances, the debate remains 
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open about the limitations of this novel technique, the costs of which, together with its poor 

accessibility, have limited its regular application in most neuro-oncologic centers.  

e.Bevacizumab 

GBs are highly vascularized tumors characterized by overexpression of vascular 

endothelial growth factor (VEGF), a key regulator of tumor-associated angiogenesis. VEGF is 

a major target recently explored in most therapeutic trials. Bevacizumab (BEV) is a 

humanized monoclonal antibody against VEGF that has proven a prolonged PFS (3–4 

months) but not OS benefit at several phase II and III clinical trials in newly diagnosed and 

recurrent GB[130]–[132]. 

Particularly in the recurrence setting, BEV presented response rates of approximately 

30% in uncontrolled phase II trials [43]. About co-adjuvant chemotherapy with BEV, a 

randomized phase III trial tested the combination of BEV + lomustine versus lomustine 

alone, and results showed an improvement in PFS without OS changes in the combination 

group [133]–[135]. 

Another common combination for recurrences is BEV + re-irradiation. Two phase III 

trials found that BEV + RT-TMZ combination therapy increased PFS but not OS, as in 

practically every clinical trial. On the other hand, re-irradiation plus BEV was studied by 

Kulinich et al. The results showed a significant OS improvement but no significant PFS 

benefit [46]. Remarkably, patients who had previously been irradiated and were given BEV 

presented a reduced incidence of radio-necrosis. These findings show that the efficacy of 

RT with BEV is highly variable. As a result, the usefulness of this combination is still up for 

debate, and more randomized studies will be needed to determine the benefit [131], [136]–

[138]. However, neither combination therapy had demonstrated OS benefit, and the 

mentioned regimens are only recommended after failure of bevacizumab alone [127], [139]. 

https://www.mdpi.com/1422-0067/23/13/7207#B43-ijms-23-07207�
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Based on high radiological response rates and the optimistic PFS outcomes described, 

bevacizumab achieved FDA approval for recurrent GB in many parts of the world, such as the 

USA, Canada, and Switzerland, but its effects on tumor biology and growth dynamics remain 

controversial [20,32]. Its failure, in clinical trials, to demonstrate an OS benefit has either 

stopped approval of BEV therapy for newly diagnosed GB management or has slowed down 

the approval process, as has happened in many regions, such as the European Union, where 

it remains not approved, even in the recurrence setting [130].  

A relevant aspect of BEV is how it affects patients’ cognitive abilities, symptoms, and 

quality of life. There is strong evidence that patients using BEV had worse scores on 

objective tests of neurocognitive function and reported cognitive function compared to 

placebo, implying either undiscovered tumor progression or BEV-related neurotoxicity. 

Furthermore, among patients who did not have tumor development on imaging 

investigations, those initially treated with BEV reported a worsening in the severity of their 

symptoms, as measured by both patient-reported outcomes and symptom-related 

interference with daily activities [140]. On the other hand, some research suggests that BEV 

patients have a considerably longer deterioration-free life than placebo patients after a year 

of treatment. When examining cognitive functioning, emotional functioning, role 

functioning, weariness, visual dysfunction, weakness in both legs, hair loss, bladder control, 

and financial difficulties, patients in the BEV group have a considerably longer time before 

deterioration [132]. Thus, more data is necessary to determine the real impact of BEV on 

patients’ symptoms and quality of life. 

As far as evidence suggests, BEV has recently been included among the main systemic 

treatment options for GB progression or recurrence after its approval by the FDA as a viable 

therapeutic alternative. This anti-angiogenic therapy has been subjected to different trials 

combined with novel immunological therapies presented further in the text. 

https://www.mdpi.com/1422-0067/23/13/7207#B20-ijms-23-07207�
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3. Indications: 

a.Surgery: 

When the patient's clinical performance is satisfactory and the tumor is operable, 

tumor resection is the gold standard of first line. It allows the removal of the tumor and thus 

improves the neurological function of the patient and prolongs survival. When one of the 

conditions is absent, a biopsy will be performed to determine the histological type of the 

tumor which can be open or stereotactic. 

 
Figure 40: Intraoperative image of a surgical removal of a high-grade glioma 

b.Radio-Chemotherapy 

In glioblastoma, patients are grouped into prognostic classes according to the RPA 

(Recursive Partitioning Analysis) score, which is used to select the therapeutic protocol 

[141]. This classification is based on age, Karnofsky score, Mini Mental State (MMS) and 

operative report [142]. 
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Table XII: RPA score. 
Class Description Therapeutic protocol 
III Age <50 years, KPS 90-100, OMS = 0 Stupp treatment protocol 
IV Age <50 years and KPS<90 WHO 1-2 or age >50 

years and complete or partial surgery and MMS > 
27. 

Stupp treatment protocol 

V Age≥ 50 years and MMS <27 or biopsy with 
radiation dose >54.4 Gy and KPS ≥ 70, WHO 1-2 
Where Age ≥ 50 years, KPS <70, MMS normal. 

Fractionated radiotherapy 
Classic or hypo-fractionated 
Marginal benefit of 
association with 
chemotherapy 

VI Age≥ 50 years and KPS ≥ 70, WHO 3- 4 biopsy 
with dose Of radiation therapy ≤ 54.4 Gy where. 
Age ≥ 50, KPS <70, abnormal MMS. 

Palliative care 
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High-grade gliomas are primary brain tumors representing a heterogeneous group of 

malignant tumors with a variable clinical picture and a poor prognosis. The most common 

histological type is anaplastic astrocytoma grade VI "glioblastoma". 

The clinical symptomatology is dominated by the association of an intracranial 

hypertension syndrome and a neurological deficit. Their diagnosis has been facilitated by advances 

in neuroradiology, where MRI is the most effective morphological examination for the study of this 

type of tumor. However, clinical and radiological suspicion must be confirmed by histology 

completed by molecular marker analysis. 

Current advances in the field of molecular biology and the study of the different molecular 

and cellular mechanisms of these tumors have offered a more targeted approach to this pathology 

citing as examples the methylation of the MGMT promoter of glioblastoma, IDH-mutated gliomas 

associated with a better prognosis. 

Several risk factors have been incriminated, the most important being ionizing radiation 

and genetic predisposition. The main prognostic factors related to the patient are age, 

performance status (Karnofsky) and the presence of neurological deficits. 

The management is based on a multimodal treatment defined during a discussion by a 

multidisciplinary team composed of neurosurgeon radiologist, anatomopathologist, oncologist. 

Technical aids (functional MRI, ultrasonic aspirator, operating microscope, neuronavigation, 

intraoperative mapping, 5-amino-levulinic acid (5-LA) fluorescent marker) can optimize this 

management by allowing a better intraoperative tumor identification, with an increase in resection 

rate and survival. 

The prognosis of patients with high-grade gliomas is complex, due to profound changes in 

neurocognitive functioning, with fatigue and toxicities induced by treatments. As the evolution of 
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these tumors is rapidly unfavorable, disorders set in early with a major impact on the quality of life 

of patients and their families. 

A close follow-up of the clinical and psychic state of the patients, complications and 

toxicity induced by the treatment (radio-chemotherapy) is necessary in order to preserve a better 

state of life. 
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Abstract 

High-grade gliomas represent the most frequent and aggressive primary malignancies of the 
central nervous system. Magnetic resonance imaging (MRI) remains the current standard for the 
diagnosis and follow-up of these tumors. The diagnosis and classification of these tumors are 
largely based on their histopathological characteristics. 

Our work consisted of a retrospective study of 33 patients collected between January 1, 2017 and 
December 31, 2021 in the department of oncology-radiotherapy at the University hospital Med VI 
Marrakech. The aim of this study is to highlight the epidemiological, clinical, paraclinical and 
therapeutic particularities of high grade gliomas. The age of our patients ranged from 29 to 74 
years with a median age of 51 years, the age group 41-60 years was the most affected with a male 
predominance of 60.6% and a sex ratio of 2:1. The mean time to diagnosis was 25 weeks. The 
tumor manifested itself as intracranial hypertension syndrome in 48%, motor deficit in 51%, 
seizures in 9%, and higher function disorders in 18%. Computed tomography (CT) and magnetic 
resonance imaging (MRI) were requested in all of our patients, the most frequent location was 
parietal 36%. The average tumor size was 5 cm. The surgical procedure consisted of partial 
removal in 45%, total removal in 36% and biopsy in 18%. Anatomopathological examination 
allowed the diagnosis of the most frequent histological type was glioblastoma. Postoperative 
follow-up was simple in 23 patients (81% of cases), while in 6 patients (18% of cases) it was 
marked by various complications. 

 

Key words: High-grade gliomas, MRI, WHO 2016 classification, Surgery. 
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Résumé 

Les gliomes de haut grade représentent les tumeurs malignes primaires les plus fréquentes et les 
plus agressives du système nerveux central. L'imagerie par résonance magnétique (IRM) reste la 
norme actuelle pour le diagnostic et le suivi de ces tumeurs. Le diagnostic et la classification de 
ces tumeurs sont largement basés sur leurs caractéristiques histopathologiques. 

Notre travail a consisté en une étude rétrospective de 33 patients colligés entre le 1er janvier 2017 
et le 31 décembre 2021 au service d'oncologie-radiothérapie du CHU Med VI Marrakech. L'objectif 
de cette étude est de mettre en évidence les particularités épidémiologiques, cliniques, 
paracliniques et thérapeutiques des gliomes de haut grade. L'âge de nos patients variait de 29 à 
74 ans avec un âge médian de 51 ans, la tranche d'âge 41-60 ans était la plus touchée avec une 
prédominance masculine de 60,6% et un sex-ratio de 2:1. Le délai moyen de diagnostic était de 25 
semaines. La tumeur s'est manifestée par un syndrome d'hypertension intracrânienne dans 48 % 
des cas, un déficit moteur dans 51 % des cas, des crises d'épilepsie dans 9 % des cas et des 
troubles des fonctions supérieures dans 18 % des cas. La tomodensitométrie (CT) et l'imagerie par 
résonance magnétique (IRM) ont été demandées chez tous nos patients, la localisation la plus 
fréquente étant pariétale 36%. La taille moyenne de la tumeur était de 5 cm. La procédure 
chirurgicale a consisté en une exérèse partielle dans 45%, une exérèse totale dans 36% et une 
biopsie dans 18%. L'examen anatomopathologique a permis de diagnostiquer le type histologique 
le plus fréquent : le glioblastome. Les suites opératoires ont été simples chez 23 patients (81% des 
cas), alors que chez 6 patients (18% des cas) elles ont été marquées par diverses complications. 

Mots clés : Gliomes de haut grade, IRM, Classification OMS 2016, Chirurgie. 
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 ملخص

 لظي .يزكرملا يبصعلا زاهجلا يف ةيناودعو اعًويش رثكألا ةيلوألا ةثيبخلا ماروألا ةدوجلا ةيلاع ةيقبدلا ماروألا لثمت
 فينصتو صيخشت دمتعي .ماروألا هذه ةعباتمو صيخشتل يلاحلا رايعملا وه (MRI) يسيطانغملا نينرلاب ريوصتلا
 .ةيضرملا ةيجيسنلا اهصئاصخ ىلع ريبك دح ىلإ ماروألا هذه

 يف 2021 ربمسيد 31 و 2017 رياني 1 نيب ام ةرتفلا يف اهعمج مت اضًيرم 33 ـل يعجر رثأب ةسارد نم انلمع فلأتي
 ىلع ءوضلا طيلست وه ةساردلا هذه نم فدهلا .يعماجلا شكارمب سداسلا ديم ىفشتسم يف ةعشألاب ماروألا جالع مسق
 ىلإ 29 نم اناضرم رامعأ تحوارت .ةجردلا ةيلاع ةيقبدلا ماروألل ةيجالعلاو ةيريرسلا ، ةيريرسلا ، ةيئابولا صئاصخلا
 ةبسنو ٪60.6 روكذلا ةبلغ عم ارًرضت رثكألا يه امًاع 60-41 ةيرمعلا ةئفلا تناكو ، امًاع 51 رمع طسوتمب امًاع 74
 ةمجمجلا لخاد مدلا طغض عافترا ةمزالتم يف مرولا ىلجت .اعًوبسأ 25 صيخشتلل مزاللا تقولا طسوتم ناك .1 :2 سنجلا
 ريوصتلا بلط مت .٪18 يف ىلعأ ةيفيظو تابارطضاو ، ٪9 يف عرص تابونو ، ٪51 يف يكرح زجعو ، ٪48 ةبسنب
 ٪36 وه اعًويش رثكألا عقوملا ناكو ، اناضرم عيمج يف (MRI) يسيطانغملا نينرلاب ريوصتلاو (CT) بسوحملا يعطقملا
 ةعزخو ، ٪36 يف ةيلك ةلازإو ، ٪45 يف ةيئزج ةلازإ نم يحارجلا ءارجإلا نوكتي .مس 5 مرولا مجح طسوتم ناك .يرادجلا
 تناك .يقبدلا يمورألا مرولا وهو اعًويش رثكألا يجيسنلا عونلا صيخشتب يضرملا يحيرشتلا صحفلا حمس .٪18 يف
 (تالاحلا نم ٪18) ىضرم 6 يف امنيب ، (تالاحلا نم ٪81) اًضيرم 23 يف ةطيسب ةيحارجلا ةيلمعلا دعب ةعباتملا
 .ةفلتخم تافعاضمب تزيمت

 

 ةيملاعلا ةحصلا ةمظنم فينصت ، يسيطانغملا نينرلاب ريوصتلا ، ةدوجلا ةيلاع ةيقبدلا ماروألا :ةيساسألا تاملكلا
حارجلا ، 2016
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Appendix 1 : Operating sheet: 

File number: 

1.Identity: 

• First name:                                        

• Last name: 

• Age:                                            

• Matrimonial status: 

• Health coverage (Mutuel): 

• Origins: Rural   □, Urbain □ 

• Profession: 

• Phone Number: 

• Adress: 

2.Medical History 

a.Personal:   

i.Medical: 

• Diabetes: 

• High blood pressure: 

• Bone disease: 

• Heart disease: 
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• Liver disease: 

• Kidney disease: 

• Other: 

ii.Surgical: 

iii.Toxic-Allergic: 

b.Family: 

• Glioblastoma 

• Other: 

3.Clinical examination 

• Delay between symptoms and consultation: 

• Date of consultation: 

• Intracranial hypertension: Yes □ No □ 

If yes: Headaches □, Nausea □, Vomiting□, Visual problems □ 

• Higher functions problems: Yes □ No □  

If yes: Language □, Memory □, Behaviour □ 

• Motor disorders: Yes □ No □,  

If yes: what type? ……….. 

• Sensitive disorders: Yes □ No □,  

If yes: what type? ……………….. 

• Comitial crisis: Yes □ No □ 
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• Deterioration in general status: Yes □ No □, ………... 

4.Clinical examination at admission: 

 Glasgow score: 

 Kornofsky score: 

 Motor disorders: Monoplegia □, Monoparesis □ , Paraplegia □, Paraparesis □, Tetraplegia □, 

Tetraparesis □, Hemiplegia □, Hemiparesis□( what side? …….) 

 Reflex disorders: Yes □ No □ 

If yes, what type? ………. 

 Sensitive disorders: Yes □ No □ 

If yes, what type? ………. 

 Impairment of cranial pairs: Yes □ No □ 

If yes, what type? ………. 

 Higher functions disorders: Yes □ No □ 

If yes, what type? ………. 

 Cerebellar syndrome: Yes □ No □     

5.Imagery 

a.Topography:                    

 Right side □, Left side □ 

 Frontal: □  Fronto-parietal□, Parietal □                                           

 Temporal: □  Fronto-temporal□, temporo-parietal□ 
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 Occipital : □ Occipito-temporal □, occipio-parietal□ 

b.CT-scan: 

 Yes □, No □ 

 Tumoral size: 

Heterogenic□ 

 Badly limited □ 

 Tumoral necrosis □ 

 Haemorrhage □ 

 Oedema□ 

 Enhancement with contrast product: □ 

 Hydrocephalus□ 

 Signs of engagement □ 

c.MRI-scan:  

 Yes □, No □ 

 T1 sequence: Hypo-intense image □, heterogenic □, Necrosis □, badly limited □ 

 T2 sequence: Hyperintense image □, heterogenic□ 

6.Histology: 

 Yes □, No □ 

 Type of sampling: Stereo biopsy □, Surgical excision □ 

 Confirmed Glioblastoma: Gliosarcoma □, Giant cell glioblastoma □, Endothelial hyperplasia □, 
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Necrosis □ 

 Hystological type : Non mutant □, IDH □ 

 Cell proliferation index: 

 Immuno-histochemistry:  

7.Treatment: 

a.Urgent: 

 Corticosteroid therapy: Yes □ No □ 

 Mannitol: Yes □ No □ 

 Ventricular draining: Yes □, No □ 

b.Deferred 

 Surgery: 

Total resection: □ 

Partial resection: □ 

Biopsy: □ 

 Complications:  

Focal deficit □  

Infectious complications: □ 

Haemorrhagic complications: □ 

Post-op Oedema □ 

 Post-op CT-scan: 
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c.Radiotherapy: 

 Yes □, No □ 

 Delay between surgery and radiotherapy: 

 Dose: 

 Fraction: 

 Spreading: RTH 2D □, 3D □, Stereotaxic □ 

 Duration 

 Intteruption : Transient interruption □, Definitive interruption □ 

 Dose at interruption 

 Cause of interruption: Severe infection □, Worsening of oedema □, Death □, Other …… 

d.Chemotherapy: 

 Neoadjuvant CTH: Yes □ No □ 

 Concommittal CTH: Yes □ No □ 

 Molecule: 

 Dose: 

 Number of cycles: less than 3 □, 3 cycles□, More than 3 □, 6 Cycles□ 

 If interrupted: Cause : Aggravation □, toxicity □, Death□ 

 If no CTH, why? -Deterioration of general status □, Patient’s refusal □, Toxicity□, Death□, 

Financial reasons □ 

 Toxicity of CTH:  
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Hematogenic: - Anaemia □, Neutropenia □, Leukopenia □, Low plaquets □ 

Non hematogenic: Pneumocystis□ , Severe infection □ 

e.Symptomatic treatment:  

 Corticosteroid therapy: Yes □ No □ 

 Antiemetics: Yes □ No □ 

 Anticonvulsants Yes □ No □ 

 Pneumocystis prophylaxis Yes □ No □ 

 Re-education Yes □ No □ 

8.Evolution 

 Total remission: □ 

 Progression or recidivism □  

 Stabilisation □ 

 Aggravation □ 

 Death □ 
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Appendix 2: KPSS scale: 
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Appendix 3 : WHO score 
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Appendix 3: The mini-mental state examination test: 
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