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Introduction

Glioblastoma or malignant glioma is the most 
common and aggressive primary tumor in adults 
[1]. A histological feature of this neoplasia is the cel-
lular and morphological heterogeneity and cells 
with a diverse grade of differentiation [2]. The tu-
mor bulk is organized into three major parts: the ne-
crotic central area, the proliferative and angiogenic 
region, the brain adjacent to the tumor including 

the invasive and escaping tumor cells [3]. Multi-
ple foci lesions can be found in about one-third of 
patients with glioblastoma at diagnosis and have 
worsened prognostic because of surgical difficul-
ties during gross safe maximal tumor resection [4]. 
The malignant glioma is derived from the neurog-
lial stem cells or progenitor cells [5] and neoplasia 
originate from somatic molecular defects in three 
pathways: initiating tumor growth, evading senes-
cence, and enabling immortal growth [6].

AbstrAct

background: Glioblastoma is the most common and aggressive primary tumor in adults. A narrative review of all the relevant 
papers known was conducted. 

Materials and methods: Reviews, clinical trials, and randomized controlled trials published from 1981 through September 
2021 and written, or at least abstracted, in english were analyzed. 

results: The standard of care for glioblastoma is the maximum safe resection possible, followed by radiation therapy and con-
current temozolomide (TMZ) and daily TMZ and tumor treatment fields (TTFields) after irradiation. There is no evidence to 
date of the benefit of brachytherapy, radiosurgery (SRS), fractional stereotactic radiotherapy (FSRT), and hyperfractionat-
ed radiotherapy over conventional external beam radiation therapy (eBRT) for the primary tumor. The assessment of age 
and performance status before treatment in the elderly enables hypofractionated radiotherapy. The research of tumor mo-
lecular signatures contributes to the choice of the best-targeted drug therapy. In recurrent glioblastoma, it is necessary to 
balance the risks and benefits of re-radiation and association with bevacizumab. Solid data confirming the role of immuno-
therapy in the treatment of malignant glioma are still lacking. 

conclusions: Although the treatment of glioblastoma has evolved in terms of local control, mortality remains close to 
12 months after diagnosis. To obtain better results and reduce recurrence, future research needs to investigate the frontiers of 
knowledge, such as the elucidation of the molecular mechanisms related to the tumor, the optimization of drugs to overcome 
the blood-brain barrier effectively, and the discovery of new therapies aimed at the heterogeneous profile of this neoplasm.
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In contrast to other solid tumors, the malignant 
glioma cells do not spread by intravascular or lym-
phatic routes, but they use the perivascular space, 
glutamate-mediated Ca2+ changes, Ca2+-activat-
ed K+ channels, and the brain to infiltrate and in-
vade the distant parenchyma. The invasive tumor 
cells migrate along blood vessels, leading to the dis-
placement of astrocytic endfeet, degradation of 
tight junctions on endothelial cells, and breakdown 
of the basal membrane surrounding blood vessels. 
Hence, serum components leak into the cerebral 
parenchyma [7].

Glioblastomas are classified as a primary tumor 
and secondary neoplasm when originating from 
grade II or III gliomas [1]. The primary type or 
glioblastoma de novo is the most common and de-
velops in elderly patients without clinical or his-
tological evidence of a less malignant antecedent 
lesion. The secondary type comes from low-grade 
astrocytoma and anaplastic astrocytoma. They oc-
cur in young patients, have less necrosis, are espe-
cially found in the frontal lobe, and carry a better 
prognosis [8].

The World Health Organization (WHO) classi-
fies this tumor as grade IV and the major histopa-
thology findings are necrosis and endothelial pro-
liferation [1].

They represent 45% of all gliomas with a 5-year 
relative survival of 5% [9]. With increased life ex-
pectancy and a higher incidence of glioblastoma in 
old people, the median age at diagnosis changed to 
64 years [10]. Males tend to be more affected than 
women in proportion 1.7:1 [5]. Malignant gliomas 
are devastating tumors and the patient’s death can 
occur within one year of diagnosis [7].

Glioblastoma is associated with genetic syn-
dromes caused by Mendelian disorders, including 
neurofibromatosis, tuberous sclerosis, and Li-Frau-
meni. The most significant risk factor studied re-
lated to malignant gliomas is exposure to ionizing 
radiation [9]. However, the latency period for neo-
plasia development is unknown [6].

Materials and methods

A narrative review of all the relevant papers 
known was conducted. MEDLINE and PubMed 
databases were searched using the keywords “glio-
blastoma”, “glioblastoma and radiation”, “glioblas-
toma and temozolomide”. Reviews, clinical trials, 

and randomized controlled trials published from 
1981 through September 2021 and written, or at 
least abstracted, in English were analyzed. In ad-
dition, more current studies published up to Sep-
tember 2021 were included in the review to dis-
cuss management of glioblastoma recurrence. 
The references which comprised mainly large 
and current articles were selected. The older origi-
nal studies that have been referenced widely and are 
greatly respected were not excluded. 

Molecular signature

The molecular markers for prognosis and treat-
ment options determination are O6-methylguany-
dil DNA-methyltransferase (MGMT) and isoci-
trate dehydrogenase (IDH). Glioblastomas with 
MGMT promoter methylated have better progno-
sis, unlike tumors without isocitrate dehydroge-
nase 1 and 2 mutations and the telomerase reverse 
transcriptase (TERT) mutated [11], with a worse 
prognosis [12].

Most of the glioblastomas are IDH-wildtype [1], 
corresponding to 90% [5, 13] and another 10% are 
glioblastoma IDH-mutant that arises in the young-
er patients. The median age of diagnosis is 44 years 
for IDH mutant and 62 years for IDH-wildtype 
[13]. IDH mutations are associated with prolonged 
progression survival-free (PFS) [14].

There is another variant most detected in chil-
dren and young adults classified as epithelioid 
glioblastoma present as superficial or diencephal-
ic mass and frequently it has a BRAF V600E mu-
tation [13].

Promoter methylation of the gene encoding 
the DNA repair protein, MGMT predicts bene-
fit from alkylating chemotherapy with temozolo-
mide and guides first-line treatment in elderly 
patients [1]. The DNA-repair enzyme MGMT in-
hibits the killing of tumor cells by alkylating drugs 
and its activity is controlled by a promoter. When 
promoter methylation is present there is silencing 
of the cancer gene and the cells no longer produce 
MGMT [15].

In a trial with the objective to explore whether 
the isocitrate dehydrogenase 1 (IDH1) or 1p19q 
status are associated with prognostic and predictive 
significance, the results indicated that MGMT pro-
moter methylation was a predictive biomarker for 
benefit from alkylating agent chemotherapy in pa-
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tients with IDH-wild type, but not IDH-1 mutant, 
malignant gliomas grades III/IV [16].

In patients with MGMT promoter methylated 
tumors, monotherapy with temozolomide is supe-
rior to radiotherapy alone. Similarly, the results of 
combined temozolomide-based chemoradiothera-
py compared to radiotherapy alone are more con-
sistent in patients with this methylation [17].

The analysis of MGMT promoter methylation 
by pyrosequencing is an appropriate and reli-
able method used with diagnostic samples and may 
be used to distinguish two or more prognostic 
groups in response to chemoradiotherapy [18].

The epidermal growth factor receptor (EGFR) 
is a transmembrane glycoprotein and a member of 
the tyrosine kinase receptor superfamily, which has 
been identified in glioblastomas, including ampli-
fication, deletions, and single nucleotide polymor-
phisms (SNPs) [19].

Diagnosis

The tumor sample is frequently required for 
a definitive diagnosis even if the computed to-
mography (CT) and magnetic resonance imaging 
(MRI) strongly suggest glioblastoma. Therefore, 
a biopsy or surgical resection is mandatory to allow 
for a better neoplasia characterization [17].

The diagnosis is based on a biopsy and shows 
an infiltrating glial fibrillary acidic protein immu-
nopositive tumor with pleomorphism, brisk mitot-
ic activity, microvascular proliferation, and necro-
sis. The cellularity is astrocytic, but in some cases, 
a group of tumor cells contains oligodendroglial or 
primitive neuroectodermal features [10].

Prognosis 

Young age and good performance status are 
good prognostic indicators [5] and both points 
integrate the Recursive Partitioning Analysis of 
Malignant Glioma (RPA) that is associated with 
prognostic significance overall as well as in pa-
tients receiving radiation therapy (RT) with or 
without temozolomide (TMZ) for newly di-
agnosed glioblastoma, particularly III and IV 
grades. The trial results revealed in RPA classes 
III, IV, and V a median survival time of 17, 15, 
and 10 months and 2-year survival of 32%, 19%, 
and 11%, respectively [20].

Clinical presentation

The variable clinical presentation is related to 
the tumor location, but the headache is the most 
common symptom and is associated with mass ef-
fect [10]. The pain pattern is progressive, unilater-
al localization may awake the patient from sleep, 
accompanying focal deficits. Another symptom at 
the presentation of glioblastoma includes nausea, 
vomiting, cognition and personality changes, gait 
imbalance, urinary incontinence, hemiparesis, 
aphasia, hemineglect, visual field defect, and sei-
zures [21].

Images

There is no evidence for early detection of glio-
blastoma. Magnetic resonance imaging is the more 
sensible method for diagnosis, however, once glio-
blastoma is suspected it is inevitably in an advanced 
state. The glioblastoma imaging reveals an infiltra-
tive, heterogeneous, ring-enhancing lesion with 
central necrosis and surrounding peritumoral 
edema. Involvement of the deep white matter 
and the corpus callosum is common [10]. 

Most patients undergo computed tomography 
(CT) of the brain at diagnosis and when mass is 
identified and hemorrhage is excluded, a con-
trast-enhanced magnetic resonance imaging (MRI) 
is normally ordered, with standard T2-weighted 
(T2w), T2-fluid-attenuated inversion recovery 
(T2-FLAIR), gradient echo, T1-weighted (T1w) 
and T1-weighted contrast-enhanced (T1CE) se-
quences. The perfusion is increased because of 
the higher relative cerebral blood volume (rCBV) 
in the region of the mass tumor [22].

Glioblastoma often presents as a single peripher-
al enhancing lesion, but multiple enhancing images 
can be found, named multifocal if there is a con-
nection between enhancing lesions as evidenced 
in FLAIR sequence, or multicentric when no com-
munication is proven. Tumors with involved deep 
structures and located in the posterior fossa are as-
sociated with worse survival due to these key being 
structures affected [4].

Gadolinium-enhanced MRI showed to be im-
portant for evaluation of gross residual tumor 
when ordered during days 1 to 3 after the resec-
tion of a preoperatively enhancing high-grade 
glioma. This timing allows surgically-induced 
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contrast enhancement to be avoided and inter-
pretative difficulties as post-operative artifacts to 
be minimized [23].

Radiation necrosis and pseudoprogression are 
usually considered opposite directions on the spec-
trum of radiation-induced injury, and imaging fea-
tures may mimic disease progression [24].

Treatment

Since 2005, standard treatment of glioblasto-
ma has been surgery, radiotherapy, and alkylating 
chemotherapy [1, 5]. Patients younger than 70 
years should be managed with maximal safe sur-
gical resection, followed by radiation therapy (RT) 
and concomitant TMZ [10]. In clinical trial results, 
the two-year survival rate was 26.5% with RT plus 
TMZ vs. 10.4% with RT alone [25]. 97% of pa-
tients in the radiotherapy alone group and 89% in 
the combined-treatment group died after five years 
of follow-up of this study and MGMT methylation 
status most likely benefited patients from the ad-
diction of temozolomide [26].

The oral alkylating agent temozolomide ap-
proved by the Food and Drug Administration 
(FDA) in 1999 [27] should be taken with a daily 
therapeutic dose of 75 mg/m2 concurrent to RT 
and then with a daily dose of 150 to 200 mg/m2 for 
five days of every 28-day cycle during 6 cycles [25].

The continuing temozolomide beyond 6 cycles 
in patients without disease progression did not 
increase overall survival, except for the progres-
sion-free survival that was associated with a slight 
improvement for patients, especially with methyl-
ated MGMT [28]. 

Because of immunosuppression risk, mainly 
lymphocytopenia in concomitant treatment, tri-
methoprim-sulfamethoxazole prophylactic is used 
for prevention of pneumocystis pneumonia [25].

The management of elderly patients is similar to 
that of younger ones but the performance status, 
as well as comorbidities, are important factors of 
individual decisions [17].

Complete resection is usual surgically difficult 
due to the infiltrative nature of this disease and, 
therefore, with high rates of relapse [29].

Except for prolonged progression-free, but not 
overall survival guaranteed from bevacizumab, 
a kind of vascular endothelial growth factor an-
tibody, no pharmaceutical intervention has been 

demonstrated to alter the course of disease [5]. 
However, bevacizumab increases the risk of se-
vere hematological and thromboembolic events 
and current evidence shows little benefit in elderly 
patients outside clinical trials [30].

Antiepileptics are indicated in patients with sei-
zures, but not for prophylactic purposes. Levetirac-
etam is preferred, given its excellent toxicity profile 
and lack of interactions with most chemotherapy 
agents [21].

Radiotherapy and chemotherapy with temozolo-
mide might be considered as a standard of care in 
elderly glioblastoma patients and good Karnof-
sky Performance Status Scale (KPS). Patients with 
MGMT promoter-unmethylated tumors may still 
be candidates for radiotherapy only. Monothera-
py with TMZ is an option if methylation is present 
and radiochemotherapy is not possible [17].

The inactivation of the MGMT promoter meth-
ylation increases the sensitivity of malignant cells to 
the DNA-damaging effects of alkylating agents (2). 
Instead, in the absence of silencing of the MGMT 
promoter, there is a smaller and statistically insig-
nificant difference between the RT and RT plus 
TMZ treatment groups [18].

In a trial comparing a group of patients 
with methylated MGMT promoter versus unmet-
hylated MGMT promoter, the median overall sur-
vival was 18.2 months and 12.2 months, respective-
ly. The methylation MGMT promoter decreased 
the risk of death in 55% [31].

The radiation dose results from the study show 
that 60 Gy in 30 fractions over 6 weeks is better 
than 45 Gy in 20 fractions over 4 weeks with pro-
longation of median survival from 9 months to 
12 months [32]. The trials with doses higher than 
60 Gy demonstrated inferiority in survival of pa-
tients [33] and results comparable to historical con-
trols [34].

In a study comparing the abbreviated course of 
RT in elderly ≥ 60 years, KPS ≥ 50 and glioblasto-
ma, the patient treatment with 40 Gy in 15 fractions 
over 3 weeks and standard RT with 60 Gy in 30 
fractions over 6 weeks did not show any difference 
in survival between patients. This option of frac-
tioning is reasonable for old people with reduced 
treatment time and decreases corticosteroids ne-
cessity during irradiation [35].

In elderly people with glioblastoma, the addi-
tion of temozolomide to short-course radiotherapy 
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with 40.05 Gy dose in 15 fractions resulted in over-
all survival benefit compared to RT alone (13.5 vs. 
7.7 months) [36].

The hyperfractionated treatment was compared 
to conventional radiation therapy in a study with 
72 Gy in 60 fractions twice daily versus 60 Gy in 30 
fractions given once daily. There was no trend or 
indication of a benefit to hyperfractionated radio-
therapy in any subset of malignant glioma patients. 
In a follow-up study, there was no difference in me-
dian survival time [37].

There was no improvement in the quality of life 
or cognitive functioning with stereotactic radio-
surgery (SRS) with dose from 15 Gy for largest to 
24 Gy for smallest tumors (as in reference number 
38, page 5 of the manuscript) respectively, followed 
by conventional external beam radiation therapy 
(EBRT) with 60 Gy in 30 fractions and carmustine 
(BCNU) 80 mg/m2, days 1–3 every 8 weeks for six 
cycles. The median overall survival was 13.5 months 
in the SRS group as compared to 13.6 months for 
the EBRT with carmustine treatment [38].

The use of fractionated stereotactic radiothera-
py (FSRT) with 5 Gy and 7 Gy in one fraction for 
lesions > 40 mm and ≤ 40 mm, respectively, was 
tested after 50 Gy in 25 fractions of EBRT, followed 
by BNCU 80 mg/m2, days 1–3 every 8 weeks for six 
cycles. The results indicated no significant survival 
benefit in using this dose-intense RT regimen [39].

The brachytherapy with iodine-125 implants 
after EBRT with a dose of 50 Gy in 25 fractions 
delivering peripheral tumor dose of 60 Gy did not 
demonstrate a statistically significant improvement 
in survival in the initial management of patients 
with malignant astrocytoma [40]. In another tri-
al, these iodine-125 seeds did not take a long-term 
survival advantage for patients [41].

The European Organization for Research 
and Treatment of Cancer (EORTC) recommends 
2-3 cm margins around MRI or CT enhancing ab-
normalities on T1 for 60 Gy and Radiation Therapy 
Oncology Group (RTOG) includes target volumes 
with 2 cm margins on T2 signal abnormalities for 
the 46 Gy and 2.5 cm margin on T1 enhancement 
for a 14 Gy boost [42].

The tumor-treating fields (TTFields) is a de-
vice that emits medium frequency (200 kHz) with 
antimitotic action in glioblastoma cells division 
and organelle. In comparison to maintenance TMZ 
alone, TTFields with standard treatment mainte-

nance temozolomide showed increased progres-
sion-free survival (6.7 vs. 4.0 months) and medi-
an overall survival (20.9 vs. 16.0 months) [43]. 
Then, the TTFields addition to radiation therapy 
and TMZ for patients with glioblastoma resulted 
in increased survival without a negative impact 
on health-related quality of life, except for more 
itchy skin related to transducers [44].

Because of overexpression of vascular endotheli-
al growth factor A (VEGF-A), a tumor angiogenesis 
factor, a trial investigated the effect of bevacizumab 
plus standard treatment of glioblastoma with ra-
diochemotherapy and concurrent temozolomide 
versus placebo. This drug therapy did not improve 
survival although has been presented significantly 
progression-free survival, maintenance of baseline 
quality of life, and performance status. However, 
the grade three or higher adverse events were in-
creased with bevacizumab as compared to placebo 
(32.5% vs. 15.8%) [45].

The corticosteroid dexamethasone 2 to 4 mg 
prescription can relieve the signals and symptoms 
during treatment, especially reducing the edema 
related to irradiation and afterwards this drug 
needs to be reduced. The prophylactic anticonvul-
sants are still controversial but if seizures occur, 
carbamazepine, phenobarbital and phenytoin are 
avoided and levetiracetam, lacosamide, lamotrigi-
ne, and pregabalin are preferred because of minor 
interactions with chemotherapeutical schema [46].

Recurrence

The recurrent glioblastoma increases the pa-
tient’s mortality and develops from cells located 
close to the original tumor margin. These neo-
plastic cells probably migrate from the peripher-
al region tumors before debulking surgery or lay 
dormant in the tumor periphery. During the re-
currence, the genomic profile usually has different 
genetic alterations from malign glioma at diagno-
sis that results in a more difficult tumor treatment 
[47]. These differences are larger in distant recur-
rent tumors than local relapse [48].

Malign glioma recurs within 2 cm from the tu-
mor bed in 90–95% of cases [49]. In a trial with 
glioblastoma and anaplastic astrocytoma patients, 
78% of recurrences occurred within 2.0 cm of 
the initial tumor bed and 56% were within 1.0 cm 
or less [50].
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Positron emission tomography (PET) has also 
been employed towards the evaluation of brain tu-
mors. Their role has been substantially improved 
over the last years, given the advent of various ra-
diotracers that are currently used for several indi-
cations. PET has been used for the differentiation 
of necrosis from tumor recurrence. In necrosis, 
there is low or no tracer uptake in contrast to tu-
mor recurrence in which there is profound radio-
tracer uptake. Several studies have been conducted 
so far; however, the major drawback was the lack 
of histological verification of the final diagnosis 
in most patients [51].

18F-fluoro-ethyl-tyrosine (18F-FET) can be used for 
the differentiation between post-therapeutic modifi-
cations and relapses. The radiotracer enters tumor 
cells through a specific amino acid transport system 
and is not metabolized or incorporated into pro-
teins. 18F-FET clinical applications include guiding 
biopsy, tumor delineation, scheduling and monitor-
ing treatment (surgery or radiotherapy), and distin-
guishing between radiation necrosis and tumor re-
currence. Another radiotracer in the differentiation 
between tumor recurrence and radiation necrosis is 
the [18F]-L-dihydroxyphenylalanine (18F-FDOPA) 
with the superiority over 18Fluor-fluorodeoxyglu-
cose (18F-FDG), thanks to a higher contrast between 
tumor tissue and normal tissue [52].

Localized recurrent glioblastoma (without mul-
tiple lesions in different lobes/hemispheres) should 
be considered for local therapy. A recent study 
proposes the use of an oncology management al-
gorithm. Patients with limited recurrent disease 
and survival greater than 3 months should be evalu-
ated for prognostic factors (performance status, ste-
roid requirement, and number and size of lesions). 
For cases with a good prognosis and reduced tox-
icity with retreatment, salvage surgery or reirradia-
tion is possible (Fig. 1). In contrast, for patients with 
a life expectancy of less than 3 months, with a poor 
prognosis and high risk of toxicity with local thera-
pies, systemic treatment should be considered [53].

In a trial that evaluated the efficacy of fraction-
ated stereotactic radiotherapy (FSRT) performed 
as reirradiation in 71 patients with WHO grade 2 
gliomas, 42 patients with WHO grade 3 gliomas, 
and 59 patients with glioblastoma, the treatment 
was well tolerated and may be effective in recur-
rence. The progression-free survival after irradia-
tion was 5 months, 8 months, and 12 months, re-
spectively [54].

Patients with glioblastoma (71%) and anaplastic 
astrocytoma grade III (29%) recurrent after initial 
treatment, when re-irradiated with hypofraction-
ated stereotactic radiation therapy (H-SRT) with 
doses of radiation ≥ 35 Gy (3.5 Gy by a fraction) 

Figure 1. Recurrence flowchart. evaluation of favorable factors for the use of local therapy. when local treatment is not 
suitable, the patient is evaluated for systemic therapy

Local therapy

Toxicity evaluation
•  Younger age
•  No comorbidities
•  Smaller size of the recurrent lesion
•  No critical area involvement 
   or organ at risk
•  Longer interval from first local
   therapy

Survival 
≥ 3 months

Salvage 
surgery

Reirradiation

Prognostic factors
•  Good performance status
•  No or low steroid necessity
•  No multicentric recurrence
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were associated with unexpectedly good prognosis, 
and they should not be disqualified from H-SRT or 
other salvage therapy [55].

Reirradiation is an effective and safe treatment 
in the management of recurrent glioblastoma. For 
suitable patients, both SRS and SRT, either hypof-
ractionated or conventionally fractionated regi-
mens, are possible therapeutic options associated 
with similar median overall survival in the range 
of 6 to 12 months and relatively low toxicity. How-
ever, clinical deterioration due to radiation ne-
crosis has been reported in up to 25% of patients. 
The risk remains generally low (less than 10%) for 
cumulative biological equivalent total dose nor-
malized to 2  Gy/fraction  (EQD2) doses around 
100–110 Gy, but may increase up to 25% for cumu-
lative EQD2 > 130 Gy [56].

Indications for surgery include inequivoc ra-
diographic progression on surveillance imaging 
in accordance with either the MacDonald [57] or 
Response Assessment in NeuroOncology (RANO) 
criteria [58] and clinical decline including paresis 
or altered mental status as a manifestation of ele-
vated intracranial pressure, mass effect, or seizures. 
Recommendation from a multidisciplinary tumor 
board is listed as an indication to proceed with re-
operation, considering patients with good perfor-
mance status and focal disease amenable to com-
plete resection [59].

Follow-up

The choice method during follow-up patients is 
MRI. Radiographic worsening shortly after radio-
therapy may reflect treatment effects (pseudopro-
gression), rather than tumor progression. Patients 
with sudden neurologic symptoms, such as se-
vere headache, seizures, and fluctuations in neuro-
logic symptoms, should be urgently evaluated (as 
in reference [21], page 7 of the manuscript).

Obstacles 

The main obstacle for treatment efficacy is 
the diffuse invasion of the glioblastoma, which 
enables the tumor to evade complete resection 
and chemoradiation therapy [7].

The blood-brain barrier (BBB) is a major lim-
iting factor that reduces the results of anti-cancer 
drugs in the treatment of glioblastomas. The re-

currence of this tumor after first-line therapy is 
related to invasive tumor cells protected from che-
motherapy by the intact BBB in the surrounding 
brain tissue [3].

The molecular and cellular pathways altered 
in glioblastomas, such as the phosphoinositide 
3-kinase (PI3K)/protein kinase B (AKT)/mam-
malian target of rapamycin (mTOR), the p53 
and the retinoblastoma (RB), or EGFR gene am-
plification or mutation, have failed to improve 
outcome, likely because of redundant compensato-
ry mechanisms, insufficient target coverage to BBB, 
or poor tolerability and safety [5].

The temozolomide chemoresistance is related 
to O6-methyl adducts that allow DNA replication 
to continue. As drug resistance occurs, the down-
regulation of DNA methyltransferase-1 because 
of epigenetic de-repression of oncogenes such as 
SNGH12 that activate MAPK signaling, leads to 
inhibition of apoptosis and G/S1 transition [60].

Glioblastoma commonly recurs at surgery bed 
after radiation therapy but it was uncertain if 
changes in the tumor microenvironment caused 
by radiotherapy influenced the recurrence. One 
trial demonstrated after radiotherapy the recruit-
ment of Ly6G+ inflammatory cells promoting 
conversion of glioblastoma cells to glioblastoma 
stem cells and dedifferentiation and tumor recur-
rence [61].

Immunotherapy has so far failed in glioblasto-
ma and poor response is attributed to several fac-
tors like the high tumor heterogeneity and vari-
able mechanisms of immunosuppression [62].

Conclusion

The standard of care for glioblastoma is the max-
imum safe resection possible, followed by radiation 
therapy and concurrent temozolomide and daily 
TMZ and tumor treatment fields (TTFields) after 
irradiation. There is no evidence to date of the ben-
efit of brachytherapy, radiosurgery (SRS), fraction-
al stereotactic radiotherapy (FSRT), and hyperfrac-
tionated radiotherapy over conventional external 
beam radiation therapy (EBRT) for the primary 
tumor. The assessment of age and performance 
status before treatment in the elderly enables hy-
pofractionated radiotherapy. The research of tu-
mor molecular signatures contributes to the choice 
of the best-targeted drug therapy.
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In recurrent glioblastoma, it is necessary to bal-
ance the risks and benefits of re-radiation and as-
sociation with bevacizumab. Solid data confirming 
the role of immunotherapy in the treatment of ma-
lignant glioma are still lacking.

Although the treatment of glioblastoma has 
evolved in terms of local control, mortality remains 
close to 12 months after diagnosis. To obtain bet-
ter results and reduce recurrence, future research 
needs to investigate the frontiers of knowledge, 
such as the elucidation of the molecular mecha-
nisms related to the tumor, the optimization of 
drugs to overcome the blood-brain barrier effec-
tively, and the discovery of new therapies aimed at 
the heterogeneous profile of this neoplasm.

Conflicts of interest 
None declared.

Funding
This study was not funded by any institution. 

ethical approval
This article does not contain any studies with hu-
man participants performed by any of the authors.

Data availability statements
Data sharing not applicable to this article as no 
datasets were generated or analyzed during the cur-
rent study.

Author contribution
All authors contributed to the study conception 
and design. Material preparation and literature 
search were performed by F.S.C., G.O.B.G., I.N.Q., 
and M.R. The authors F.S.C., G.O.B.G., I.N.Q., 
and M.R have the idea for the article and performed 
the literature search and drafted revised the work.  
The first draft of the manuscript was written by 
F.S.C. and all authors commented on previous ver-
sions of the manuscript. All authors read and ap-
proved the final manuscript.

References

1. wirsching HG, Galanis e, weller M. Glioblastoma. Handb 
Clin Neurol. 2016; 134: 381–397, doi: 10.1016/B978-0-12-
802997-8.00023-2, indexed in Pubmed: 26948367.

2. Tabatabai G, weller M. Glioblastoma stem cells. Cell Tissue 
Res. 2011; 343(3): 459–465, doi:  10.1007/s00441-010-
1123-0, indexed in Pubmed: 21253762.

3. Alexander BM, Cloughesy TF. Adult Glioblastoma. 
J Clin Oncol. 2017; 35(21): 2402–2409, doi:  10.1200/
JCO.2017.73.0119, indexed in Pubmed: 28640706.

4. lasocki A, Gaillard F, Tacey M, et al. Multifocal and mul-
ticentric glioblastoma: Improved characterisation with 
FlAIR imaging and prognostic implications. J Clin Neu-
rosci. 2016; 31: 92–98, doi: 10.1016/j.jocn.2016.02.022, 
indexed in Pubmed: 27343042.

5. le Rhun e, Preusser M, Roth P, et al. Molecular targeted 
therapy of glioblastoma. Cancer Treat Rev. 2019; 80: 
101896, doi:  10.1016/j.ctrv.2019.101896, indexed in 
Pubmed: 31541850.

6. wen PY, weller M, lee eQ, et al. Glioblastoma in adults: 
a Society for Neuro-Oncology (SNO) and european Society 
of Neuro-Oncology (eANO) consensus review on current 
management and future directions. Neuro Oncol. 2020; 
22(8): 1073–1113, doi: 10.1093/neuonc/noaa106, indexed 
in Pubmed: 32328653.

7. Cuddapah vA, Robel S, watkins S, et al. A neurocentric 
perspective on glioma invasion. Nat Rev Neurosci. 
2014; 15(7): 455–465, doi: 10.1038/nrn3765, indexed in 
Pubmed: 24946761.

8. Ohgaki H, Kleihues P. The definition of primary and second-
ary glioblastoma. Clin Cancer Res. 2013; 19(4): 764–772, 
doi:  10.1158/1078-0432.CCR-12-3002, indexed in 
Pubmed: 23209033.

9. Ostrom QT, Bauchet l, Davis FG, et al. The epidemiology of 
glioma in adults: a “state of the science” review. Neuro On-
col. 2014; 16(7): 896–913, doi: 10.1093/neuonc/nou087, 
indexed in Pubmed: 24842956.

10. Dréan A, Goldwirt l, verreault M, et al. Blood-brain barrier, 
cytotoxic chemotherapies and glioblastoma. expert Rev 
Neurother. 2016; 16(11): 1285–1300, doi: 10.1080/14737
175.2016.1202761, indexed in Pubmed: 27310463.

11. Braun K, Ahluwalia MS. Treatment of Glioblastoma in Older 
Adults. Curr Oncol Rep. 2017; 19(12): 81, doi: 10.1007/
s11912-017-0644-z, indexed in Pubmed: 29075865.

12. Delgado-lópez PD, Corrales-García eM. Survival in glio-
blastoma: a review on the impact of treatment modalities. 
Clin Transl Oncol. 2016; 18(11): 1062–1071, doi: 10.1007/
s12094-016-1497-x, indexed in Pubmed: 26960561.

13. louis DN, Perry A, Reifenberger G, et al. The 2016 world 
Health Organization Classification of Tumors of the Cen-
tral Nervous System: a summary. Acta Neuropathol. 
2016; 131(6): 803–820, doi: 10.1007/s00401-016-1545-1, 
indexed in Pubmed: 27157931.

14. weller M, Felsberg J, Hartmann C, et al. Molecular predic-
tors of progression-free and overall survival in patients 
with newly diagnosed glioblastoma: a prospective transla-
tional study of the German Glioma Network. J Clin Oncol. 
2009; 27(34): 5743–5750, doi: 10.1200/JCO.2009.23.0805, 
indexed in Pubmed: 19805672.

15. Tierling S, Jürgens-wemheuer wM, leismann A, 
et al. Inactivation of the DNA-repair gene MGMT 
and the clinical response of gliomas to alkylating agents. 
N engl J Med. 2000; 343(19): 1350–1354, doi: 10.1056/
NeJM200011093431901, indexed in Pubmed: 11070098.

16. wick w, Meisner C, Hentschel B, et al. Prognostic or pre-
dictive value of MGMT promoter methylation in gliomas 
depends on IDH1 mutation. Neurology. 2013; 81(17): 
1515–1522, doi:  10.1212/wNl.0b013e3182a95680, in-
dexed in Pubmed: 24068788.

http://dx.doi.org/10.1016/B978-0-12-802997-8.00023-2
http://dx.doi.org/10.1016/B978-0-12-802997-8.00023-2
https://www.ncbi.nlm.nih.gov/pubmed/26948367
http://dx.doi.org/10.1007/s00441-010-1123-0
http://dx.doi.org/10.1007/s00441-010-1123-0
https://www.ncbi.nlm.nih.gov/pubmed/21253762
http://dx.doi.org/10.1200/JCO.2017.73.0119
http://dx.doi.org/10.1200/JCO.2017.73.0119
https://www.ncbi.nlm.nih.gov/pubmed/28640706
http://dx.doi.org/10.1016/j.jocn.2016.02.022
https://www.ncbi.nlm.nih.gov/pubmed/27343042
http://dx.doi.org/10.1016/j.ctrv.2019.101896
https://www.ncbi.nlm.nih.gov/pubmed/31541850
http://dx.doi.org/10.1093/neuonc/noaa106
https://www.ncbi.nlm.nih.gov/pubmed/32328653
http://dx.doi.org/10.1038/nrn3765
https://www.ncbi.nlm.nih.gov/pubmed/24946761
http://dx.doi.org/10.1158/1078-0432.CCR-12-3002
https://www.ncbi.nlm.nih.gov/pubmed/23209033
http://dx.doi.org/10.1093/neuonc/nou087
https://www.ncbi.nlm.nih.gov/pubmed/24842956
http://dx.doi.org/10.1080/14737175.2016.1202761
http://dx.doi.org/10.1080/14737175.2016.1202761
https://www.ncbi.nlm.nih.gov/pubmed/27310463
http://dx.doi.org/10.1007/s11912-017-0644-z
http://dx.doi.org/10.1007/s11912-017-0644-z
https://www.ncbi.nlm.nih.gov/pubmed/29075865
http://dx.doi.org/10.1007/s12094-016-1497-x
http://dx.doi.org/10.1007/s12094-016-1497-x
https://www.ncbi.nlm.nih.gov/pubmed/26960561
http://dx.doi.org/10.1007/s00401-016-1545-1
https://www.ncbi.nlm.nih.gov/pubmed/27157931
http://dx.doi.org/10.1200/JCO.2009.23.0805
https://www.ncbi.nlm.nih.gov/pubmed/19805672
http://dx.doi.org/10.1056/NEJM200011093431901
http://dx.doi.org/10.1056/NEJM200011093431901
https://www.ncbi.nlm.nih.gov/pubmed/11070098
http://dx.doi.org/10.1212/WNL.0b013e3182a95680
https://www.ncbi.nlm.nih.gov/pubmed/24068788


Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 4

https://journals.viamedica.pl/rpor752

17. Roth P, Gramatzki D, weller M. Management of elderly 
Patients with Glioblastoma. Curr Neurol Neurosci Rep. 
2017; 17(4): 35, doi: 10.1007/s11910-017-0740-3, indexed 
in Pubmed: 28324304.

18. Dunn J, Baborie A, Alam F, et al. extent of MGMT promoter 
methylation correlates with outcome in glioblastomas 
given temozolomide and radiotherapy. Br J Cancer. 2009; 
101(1): 124–131, doi: 10.1038/sj.bjc.6605127, indexed in 
Pubmed: 19536096.

19. Saadeh FS, Mahfouz R, Assi HI. eGFR as a clinical marker 
in glioblastomas and other gliomas. Int J Biol Markers. 
2018; 33(1): 22–32, doi: 10.5301/ijbm.5000301, indexed 
in Pubmed: 28885661.

20. Mirimanoff RO, Gorlia T, Mason w, et al. Radiotherapy 
and temozolomide for newly diagnosed glioblastoma: 
recursive partitioning analysis of the eORTC 26981/22981-
NCIC Ce3 phase III randomized trial. J Clin Oncol. 2006; 
24(16): 2563–2569, doi:  10.1200/JCO.2005.04.5963, in-
dexed in Pubmed: 16735709.

21. Omuro A, DeAngelis lM. Glioblastoma and other ma-
lignant gliomas: a clinical review. JAMA. 2013; 310(17): 
1842–1850, doi: 10.1001/jama.2013.280319, indexed in 
Pubmed: 24193082.

22. Shukla G, Alexander GS, Bakas S, et al. Advanced mag-
netic resonance imaging in glioblastoma: a review. Chin 
Clin Oncol. 2017; 6(4): 40, doi: 10.21037/cco.2017.06.28, 
indexed in Pubmed: 28841802.

23. Albert FK, Forsting M, Sartor K, et al. early postoperative 
magnetic resonance imaging after resection of malignant 
glioma: objective evaluation of residual tumor and its 
influence on regrowth and prognosis. Neurosurgery. 
1994; 34(1): 45–60; discussion 60, doi: 10.1097/00006123-
199401000-00008, indexed in Pubmed: 8121569.

24. Strauss SB, Meng A, ebani eJ, et al. Imaging Glioblastoma 
Posttreatment: Progression, Pseudoprogression, Pseudo-
response, Radiation Necrosis. Radiol Clin North Am. 2019; 
57(6): 1199–1216, doi: 10.1016/j.rcl.2019.07.003, indexed 
in Pubmed: 31582045.

25. Stupp R, Mason wP, van den Bent MJ, et al. european 
Organisation for Research and Treatment of Cancer Brain 
Tumor and Radiotherapy Groups, National Cancer Insti-
tute of Canada Clinical Trials Group. Radiotherapy plus 
concomitant and adjuvant temozolomide for glioblasto-
ma. N engl J Med. 2005; 352(10): 987–996, doi: 10.1056/
NeJMoa043330, indexed in Pubmed: 15758009.

26. Stupp R, Hegi M, Mason w, et al. effects of radiotherapy 
with concomitant and adjuvant temozolomide versus 
radiotherapy alone on survival in glioblastoma in a ran-
domised phase III study: 5-year analysis of the eORTC-NCIC 
trial. lancet Oncol. 2009; 10(5): 459–466, doi: 10.1016/
s1470-2045(09)70025-7, indexed in Pubmed: 19269895.

27. villano Jl, Seery Te, Bressler lR. Temozolomide in ma-
lignant gliomas: current use and future targets. Cancer 
Chemother Pharmacol. 2009; 64(4): 647–655, doi: 10.1007/
s00280-009-1050-5, indexed in Pubmed: 19543728.

28. Blumenthal DT, Gorlia T, Gilbert MR, et al. Is more better? 
The impact of extended adjuvant temozolomide in newly 
diagnosed glioblastoma: a secondary analysis of eORTC 
and NRG Oncology/RTOG. Neuro Oncol. 2017; 19(8): 
1119–1126, doi:  10.1093/neuonc/nox025, indexed in 
Pubmed: 28371907.

29. Brandes AA, Tosoni A, Franceschi e, et al. Glioblastoma 
in adults. Crit Rev Oncol Hematol. 2008; 67(2): 139–152, 

doi:  10.1016/j.critrevonc.2008.02.005, indexed in 
Pubmed: 18394916.

30. Hanna C, lawrie TA, Rogozińska e, et al. Treatment of 
newly diagnosed glioblastoma in the elderly: a network 
meta-analysis. Cochrane Database Syst Rev. 2020; 3: 
CD013261, doi:  10.1002/14651858.CD013261.pub2, 
indexed in Pubmed: 32202316.

31. Hegi Me, Diserens AC, Gorlia T, et al. MGMT gene silenc-
ing and benefit from temozolomide in glioblastoma. N 
engl J Med. 2005; 352(10): 997–1003, doi: 10.1056/NeJ-
Moa043331, indexed in Pubmed: 15758010.

32. Bleehen NM, Stenning SP. A Medical Research Council trial 
of two radiotherapy doses in the treatment of grades 3 
and 4 astrocytoma. The Medical Research Council Brain 
Tumour working Party. Br J Cancer. 1991; 64(4): 769–774, 
doi: 10.1038/bjc.1991.396, indexed in Pubmed: 1654987.

33. Nelson DF, Diener-west M, Horton J, et al. Combined 
modality approach to treatment of malignant gliomas 
— re-evaluation of RTOG 7401/eCOG 1374 with long-
term follow-up: a joint study of the Radiation Therapy 
Oncology Group and the eastern Cooperative Oncol-
ogy Group. NCI Monogr. 1988(6): 279–284, indexed in 
Pubmed: 3281031.

34. Chan Jl, lee Sw, Fraass BA, et al. Survival and failure 
patterns of high-grade gliomas after three-dimension-
al conformal radiotherapy. J Clin Oncol. 2002; 20(6): 
1635–1642, doi: 10.1200/JCO.2002.20.6.1635, indexed in 
Pubmed: 11896114.

35. Roa w, Brasher PMA, Bauman G, et al. Abbreviated 
course of radiation therapy in older patients with glio-
blastoma multiforme: a prospective randomized clinical 
trial. J Clin Oncol. 2004; 22(9): 1583–1588, doi: 10.1200/
JCO.2004.06.082, indexed in Pubmed: 15051755.

36. Perry JR, laperriere N, O’Callaghan CJ, et al. Trial Investiga-
tors. Short-Course Radiation plus Temozolomide in elderly 
Patients with Glioblastoma. N engl J Med. 2017; 376(11): 
1027–1037, doi:  10.1056/NeJMoa1611977, indexed in 
Pubmed: 28296618.

37. Ali AN, Zhang P, Yung wK, et al. NRG oncology RTOG 9006: 
a phase III randomized trial of hyperfractionated radio-
therapy (RT) and BCNU versus standard RT and BCNU for 
malignant glioma patients. J Neurooncol. 2018; 137(1): 
39–47, doi:  10.1007/s11060-017-2558-x, indexed in 
Pubmed: 29404979.

38. Souhami l, Seiferheld w, Brachman D, et al. Randomized 
comparison of stereotactic radiosurgery followed by con-
ventional radiotherapy with carmustine to conventional 
radiotherapy with carmustine for patients with glioblas-
toma multiforme: report of Radiation Therapy Oncology 
Group 93-05 protocol. Int J Radiat Oncol Biol Phys. 2004; 
60(3): 853–860, doi: 10.1016/j.ijrobp.2004.04.011, indexed 
in Pubmed: 15465203.

39. Cardinale R, won M, Choucair A, et al. A phase II trial of 
accelerated radiotherapy using weekly stereotactic con-
formal boost for supratentorial glioblastoma multiforme: 
RTOG 0023. Int J Radiat Oncol Biol Phys. 2006; 65(5): 
1422–1428, doi:  10.1016/j.ijrobp.2006.02.042, indexed 
in Pubmed: 16750317.

40. laperriere NJ, leung PM, McKenzie S, et al. Randomized 
study of brachytherapy in the initial management of 
patients with malignant astrocytoma. Int J Radiat Oncol 
Biol Phys. 1998; 41(5): 1005–1011, doi: 10.1016/s0360-
3016(98)00159-x, indexed in Pubmed: 9719109.

http://dx.doi.org/10.1007/s11910-017-0740-3
https://www.ncbi.nlm.nih.gov/pubmed/28324304
http://dx.doi.org/10.1038/sj.bjc.6605127
https://www.ncbi.nlm.nih.gov/pubmed/19536096
http://dx.doi.org/10.5301/ijbm.5000301
https://www.ncbi.nlm.nih.gov/pubmed/28885661
http://dx.doi.org/10.1200/JCO.2005.04.5963
https://www.ncbi.nlm.nih.gov/pubmed/16735709
http://dx.doi.org/10.1001/jama.2013.280319
https://www.ncbi.nlm.nih.gov/pubmed/24193082
http://dx.doi.org/10.21037/cco.2017.06.28
https://www.ncbi.nlm.nih.gov/pubmed/28841802
http://dx.doi.org/10.1097/00006123-199401000-00008
http://dx.doi.org/10.1097/00006123-199401000-00008
https://www.ncbi.nlm.nih.gov/pubmed/8121569
http://dx.doi.org/10.1016/j.rcl.2019.07.003
https://www.ncbi.nlm.nih.gov/pubmed/31582045
http://dx.doi.org/10.1056/NEJMoa043330
http://dx.doi.org/10.1056/NEJMoa043330
https://www.ncbi.nlm.nih.gov/pubmed/15758009
http://dx.doi.org/10.1016/s1470-2045(09)70025-7
http://dx.doi.org/10.1016/s1470-2045(09)70025-7
https://www.ncbi.nlm.nih.gov/pubmed/19269895
http://dx.doi.org/10.1007/s00280-009-1050-5
http://dx.doi.org/10.1007/s00280-009-1050-5
https://www.ncbi.nlm.nih.gov/pubmed/19543728
http://dx.doi.org/10.1093/neuonc/nox025
https://www.ncbi.nlm.nih.gov/pubmed/28371907
http://dx.doi.org/10.1016/j.critrevonc.2008.02.005
https://www.ncbi.nlm.nih.gov/pubmed/18394916
http://dx.doi.org/10.1002/14651858.CD013261.pub2
https://www.ncbi.nlm.nih.gov/pubmed/32202316
http://dx.doi.org/10.1056/NEJMoa043331
http://dx.doi.org/10.1056/NEJMoa043331
https://www.ncbi.nlm.nih.gov/pubmed/15758010
http://dx.doi.org/10.1038/bjc.1991.396
https://www.ncbi.nlm.nih.gov/pubmed/1654987
https://www.ncbi.nlm.nih.gov/pubmed/3281031
http://dx.doi.org/10.1200/JCO.2002.20.6.1635
https://www.ncbi.nlm.nih.gov/pubmed/11896114
http://dx.doi.org/10.1200/JCO.2004.06.082
http://dx.doi.org/10.1200/JCO.2004.06.082
https://www.ncbi.nlm.nih.gov/pubmed/15051755
http://dx.doi.org/10.1056/NEJMoa1611977
https://www.ncbi.nlm.nih.gov/pubmed/28296618
http://dx.doi.org/10.1007/s11060-017-2558-x
https://www.ncbi.nlm.nih.gov/pubmed/29404979
http://dx.doi.org/10.1016/j.ijrobp.2004.04.011
https://www.ncbi.nlm.nih.gov/pubmed/15465203
http://dx.doi.org/10.1016/j.ijrobp.2006.02.042
https://www.ncbi.nlm.nih.gov/pubmed/16750317
http://dx.doi.org/10.1016/s0360-3016(98)00159-x
http://dx.doi.org/10.1016/s0360-3016(98)00159-x
https://www.ncbi.nlm.nih.gov/pubmed/9719109


Farley Soares Cantidio et al. Glioblastoma — treatment and obstacles

753https://journals.viamedica.pl/rpor

41. Selker R, Shapiro w, Burger P, et al. The Brain Tumor Coop-
erative Group NIH Trial 87-01: A Randomized Comparison 
of Surgery, external Radiotherapy, and Carmustine versus 
Surgery, Interstitial Radiotherapy Boost, external Radia-
tion Therapy, and Carmustine. Neurosurgery. 2002; 51(2): 
343–357, doi: 10.1227/00006123-200208000-00009.

42. wernicke AG, Smith Aw, Taube S, et al. Glioblastoma: 
Radiation treatment margins, how small is large enough? 
Pract Radiat Oncol. 2016; 6(5): 298–305, doi:  10.1016/j.
prro.2015.12.002, indexed in Pubmed: 26952812.

43. Stupp R, Taillibert S, Kanner A, et al. effect of Tumor-Treat-
ing Fields Plus Maintenance Temozolomide vs Mainte-
nance Temozolomide Alone on Survival in Patients with 
Glioblastoma: A Randomized Clinical Trial. JAMA. 2017; 
318(23): 2306–2316, doi: 10.1001/jama.2017.18718, in-
dexed in Pubmed: 29260225.

44. Taphoorn MJB, Dirven l, Kanner AA, et al. Influence of 
Treatment with Tumor-Treating Fields on Health-Related 
Quality of life of Patients with Newly Diagnosed Glioblas-
toma: A Secondary Analysis of a Randomized Clinical Trial. 
JAMA Oncol. 2018; 4(4): 495–504, doi: 10.1001/jamaon-
col.2017.5082, indexed in Pubmed: 29392280.

45. Chinot Ol, wick w, Mason w, et al. Bevacizumab plus ra-
diotherapy-temozolomide for newly diagnosed glioblas-
toma. N engl J Med. 2014; 370(8): 709–722, doi: 10.1056/
NeJMoa1308345, indexed in Pubmed: 24552318.

46. Halperin eC, wazer De, Perez CA, Brady lw. Perez 
and Brady’s: principles and practice of radiation oncology. 
7th edn. wolters Kluwer, Philadelphia 2018.

47. Campos B, Olsen lR, Urup T, et al. A comprehensive 
profile of recurrent glioblastoma. Oncogene. 2016; 
35(45): 5819–5825, doi: 10.1038/onc.2016.85, indexed in 
Pubmed: 27041580.

48. Kim J, lee IH, Cho HJ, et al. Spatiotemporal evolution of 
the Primary Glioblastoma Genome. Cancer Cell. 2015; 
28(3): 318–328, doi: 10.1016/j.ccell.2015.07.013, indexed 
in Pubmed: 26373279.

49. De Bonis P, Anile C, Pompucci A, et al. The influence of 
surgery on recurrence pattern of glioblastoma. Clin 
Neurol Neurosurg. 2013; 115(1): 37–43, doi:  10.1016/j.
clineuro.2012.04.005, indexed in Pubmed: 22537870.

50. wallner Ke, Galicich JH, Krol G, et al. Patterns of failure 
following treatment for glioblastoma multiforme and an-
aplastic astrocytoma. Int J Radiat Oncol Biol Phys. 1989; 
16(6): 1405–1409, doi:  10.1016/0360-3016(89)90941-3, 
indexed in Pubmed: 2542195.

51. Alexiou GA, Tsiouris S, voulgaris S, et al. Glioblastoma 
multiforme imaging: the role of nuclear medicine. Curr 
Radiopharm. 2012; 5(4): 308–313, doi: 10.2174/1874471
011205040308, indexed in Pubmed: 22642425.

52. Moreau A, Febvey O, Mognetti T, et al. Contribution of 
Different Positron emission Tomography Tracers in Gli-
oma Management: Focus on Glioblastoma. Front Oncol. 
2019; 9: 1134, doi: 10.3389/fonc.2019.01134, indexed in 
Pubmed: 31737567.

53. Scoccianti S, Perna M, Olmetto e, et al. local treatment 
for relapsing glioblastoma: A decision-making tree for 
choosing between reirradiation and second surgery. Crit 
Rev Oncol Hematol. 2021; 157: 103184, doi:  10.1016/j.
critrevonc.2020.103184, indexed in Pubmed: 33307416.

54. Combs Se, Thilmann C, edler l, et al. efficacy of fraction-
ated stereotactic reirradiation in recurrent gliomas: long-
term results in 172 patients treated in a single institution. 
J Clin Oncol. 2005; 23(34): 8863–8869, doi:  10.1200/
JCO.2005.03.4157, indexed in Pubmed: 16314646.

55. Fogh Se, Andrews Dw, Glass J, et al. Hypofractionated 
stereotactic radiation therapy: an effective therapy for 
recurrent high-grade gliomas. J Clin Oncol. 2010; 28(18): 
3048–3053, doi:  10.1200/JCO.2009.25.6941, indexed in 
Pubmed: 20479391.

56. Minniti G, Niyazi M, Alongi F, et al. Current status and re-
cent advances in reirradiation of glioblastoma. Radiat 
Oncol. 2021; 16(1): 36, doi: 10.1186/s13014-021-01767-9, 
indexed in Pubmed: 33602305.

57. Macdonald DR, Cascino Tl, Schold SC, et al. Response 
criteria for phase II studies of supratentorial malignant 
glioma. J Clin Oncol. 1990; 8(7): 1277–1280, doi: 10.1200/
JCO.1990.8.7.1277, indexed in Pubmed: 2358840.

58. wen PY, Macdonald DR, Reardon DA, et al. Updated 
response assessment criteria for high-grade gliomas: 
response assessment in neuro-oncology working group. 
J Clin Oncol. 2010; 28(11): 1963–1972, doi:  10.1200/
JCO.2009.26.3541, indexed in Pubmed: 20231676.

59. Robin AM, lee I, Kalkanis SN. Reoperation for Recurrent 
Glioblastoma Multiforme. Neurosurg Clin N Am. 2017; 
28(3): 407–428, doi: 10.1016/j.nec.2017.02.007, indexed 
in Pubmed: 28600015.

60. Ou A, Yung wK, Majd N. Molecular Mechanisms of 
Treatment Resistance in Glioblastoma. Int J Mol Sci. 
2020; 22(1), doi:  10.3390/ijms22010351, indexed in 
Pubmed: 33396284.

61. Jeon HY, Ham Sw, Kim JK, et al. ly6G inflammatory cells 
enable the conversion of cancer cells to cancer stem cells 
in an irradiated glioblastoma model. Cell Death Differ. 
2019; 26(10): 2139–2156, doi: 10.1038/s41418-019-0282-
0, indexed in Pubmed: 30804471.

62. Medikonda R, Dunn G, Rahman M, et al. A review of glio-
blastoma immunotherapy. J Neurooncol. 2021; 151(1): 
41–53, doi:  10.1007/s11060-020-03448-1, indexed in 
Pubmed: 32253714.

http://dx.doi.org/10.1227/00006123-200208000-00009
http://dx.doi.org/10.1016/j.prro.2015.12.002
http://dx.doi.org/10.1016/j.prro.2015.12.002
https://www.ncbi.nlm.nih.gov/pubmed/26952812
http://dx.doi.org/10.1001/jama.2017.18718
https://www.ncbi.nlm.nih.gov/pubmed/29260225
http://dx.doi.org/10.1001/jamaoncol.2017.5082
http://dx.doi.org/10.1001/jamaoncol.2017.5082
https://www.ncbi.nlm.nih.gov/pubmed/29392280
http://dx.doi.org/10.1056/NEJMoa1308345
http://dx.doi.org/10.1056/NEJMoa1308345
https://www.ncbi.nlm.nih.gov/pubmed/24552318
http://dx.doi.org/10.1038/onc.2016.85
https://www.ncbi.nlm.nih.gov/pubmed/27041580
http://dx.doi.org/10.1016/j.ccell.2015.07.013
https://www.ncbi.nlm.nih.gov/pubmed/26373279
http://dx.doi.org/10.1016/j.clineuro.2012.04.005
http://dx.doi.org/10.1016/j.clineuro.2012.04.005
https://www.ncbi.nlm.nih.gov/pubmed/22537870
http://dx.doi.org/10.1016/0360-3016(89)90941-3
https://www.ncbi.nlm.nih.gov/pubmed/2542195
http://dx.doi.org/10.2174/1874471011205040308
http://dx.doi.org/10.2174/1874471011205040308
https://www.ncbi.nlm.nih.gov/pubmed/22642425
http://dx.doi.org/10.3389/fonc.2019.01134
https://www.ncbi.nlm.nih.gov/pubmed/31737567
http://dx.doi.org/10.1016/j.critrevonc.2020.103184
http://dx.doi.org/10.1016/j.critrevonc.2020.103184
https://www.ncbi.nlm.nih.gov/pubmed/33307416
http://dx.doi.org/10.1200/JCO.2005.03.4157
http://dx.doi.org/10.1200/JCO.2005.03.4157
https://www.ncbi.nlm.nih.gov/pubmed/16314646
http://dx.doi.org/10.1200/JCO.2009.25.6941
https://www.ncbi.nlm.nih.gov/pubmed/20479391
http://dx.doi.org/10.1186/s13014-021-01767-9
https://www.ncbi.nlm.nih.gov/pubmed/33602305
http://dx.doi.org/10.1200/JCO.1990.8.7.1277
http://dx.doi.org/10.1200/JCO.1990.8.7.1277
https://www.ncbi.nlm.nih.gov/pubmed/2358840
http://dx.doi.org/10.1200/JCO.2009.26.3541
http://dx.doi.org/10.1200/JCO.2009.26.3541
https://www.ncbi.nlm.nih.gov/pubmed/20231676
http://dx.doi.org/10.1016/j.nec.2017.02.007
https://www.ncbi.nlm.nih.gov/pubmed/28600015
http://dx.doi.org/10.3390/ijms22010351
https://www.ncbi.nlm.nih.gov/pubmed/33396284
http://dx.doi.org/10.1038/s41418-019-0282-0
http://dx.doi.org/10.1038/s41418-019-0282-0
https://www.ncbi.nlm.nih.gov/pubmed/30804471
http://dx.doi.org/10.1007/s11060-020-03448-1
https://www.ncbi.nlm.nih.gov/pubmed/32253714

