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Re-irradiation in high-grade gliomas –  
a topic still under debate

Opakované ozařování u high-grade gliomů –  stále diskutované téma

Abstract
Even after administration of a maximal standard treatment, including gross surgical resection, 

adjuvant radiotherapy plus concurrent and subsequently adjuvant chemotherapy with an 

alkylating agent, temozolomide (TMZ), a regimen validated by phase III clinical trials, the overall 

survival in glioblastoma (GB), which is the most frequent and malignant subtype of high-grade 

glioma, remains limited. With a 5-year survival rate below 10%, local recurrence is the usual 

cause of death. Re-operation, re-challenge with alkylating agents including TMZ or treatment of 

relapse with lomustine, and re-irradiation are the most frequently proposed alternatives to purely 

palliative treatment. Re-irradiation seems to be an option for GB in carefully selected cases, and 

the choice of irradiation method between standard fractionation, stereotactic hypo-fractionated 

radiotherapy, and stereotactic radiosurgery must take into account technical and patient-related 

factors and relapse pattern. The use of alkylating agents TMZ and lomustine, in combination with 

re-irradiation, seems to be a strategy with benefi ts especially after a selection of therapy based on 

the methylation status of the O6-methylguanine-DNA-methyltransferase promoter. Neo-adjuvant 

immunotherapy and identifi cation of molecular bio markers, more precise delineation of the target 

volume, based on amino-acid positron emission tomography/ CT (PET-CT), but also the use of 

glycolytic inhibitors in association with anti-vascular endothelial growth factor agents are future 

research directions. Limiting the cumulative equivalent dose in 2 Gy (EQD2) received by the brain 

tissue to 100 Gy in the case of ultra-hypo-fractionated regimens and to < 120 Gy EQD2 in the case 

of other fractionation schemes could limit the risk of cerebral radio-necrosis below 10%.

Souhrn
I po maximální standardní léčbě, která zahrnuje maximální chirurgickou resekci, adjuvantní 

radioterapii a souběžnou a následně adjuvantní chemoterapii alkylační látkou temozolomidem 

(TMZ), což je režim ověřený klinickými studiemi fáze III, zůstává celkové přežití u glioblastomu 

(GB), nejčastějšího a nejmalignějšího podtypu gliomu vysokého stupně, omezené. Pětileté přežití 

je nižší než 10 %, přičemž obvyklou příčinou úmrtí je lokální recidiva. Nejčastěji navrhovanými 

alternativami čistě paliativní léčby jsou reoperace, opětovné podání alkylačních látek včetně 

TMZ nebo léčba relapsu lomustinem a opakované ozařování. Opakované ozařování se jeví být 

možností pro GB v pečlivě vybraných případech a volba ozařovací metody mezi standardní 

frakcionací, stereotaktickou hypofrakcionovanou radioterapií a stereotaktickou radiochirurgií musí 

zohledňovat technické a s pacientem související faktory a průběh relapsu. Použití alkylačních látek 

TMZ a lomustinu v kombinaci s opakovaným ozařováním se zdá být strategií s přínosem zejména po 

výběru terapie na základě metylačního stavu promotoru O6-metylguanin-DNA-metyltransferázy. 

Budoucími směry výzkumu jsou neoadjuvantní imunoterapie a identifikace molekulárních 

biomarkerů, přesnější vymezení cílového objemu na základě pozitronové emisní tomografi e/

výpočetní tomografi e s aminokyselinami, ale také použití inhibitorů glykolýzy ve spojení s látkami 

proti cévnímu endoteliálnímu růstovému faktoru. Omezení kumulativních ekvivalentních dávek po 

2 Gy (EQD2) na mozkovou tkáň parenchym do výše 100 Gy v případě ultrahypofrakcionovaných 

režimů a do výše < 120 Gy EQD2 v případě jiných frakcionačních schémat by mohlo omezit riziko 

mozkové radionekrózy pod 10 %.
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Introduction
Primary tumors of the CNS, including glioma, 

astrocytoma, embryonal tumors, menin-

gioma, and medulloblastoma, aff ect 7 out 

of 100,000 people, with glioblastoma (GB) 

being the most malignant form of a high-

grade glioma (HGG) [1– 4].

The current standard treatment is the re-

sult of phase III trials including maximal sur-

gical resection fol lowed by radiotherapy in 

combination with temozolomide (TMZ), fol-

lowed by TMZ as adjuvant treatment for 

another 6– 12 cycles. However, the 5-year 

survival rate is low, currently estimated 

at < 10% [5,6]. This narrative review aims to 

evaluate the main aspects, challenges, ther-

apeutic options, and research directions in 

re-irradiation of relapsed HGG.

Current standard in the GB 
multimodal approach
As demonstrated by the ETERNITY study, 

rapid progression of GB is a predictor of 

lower overall survival (OS). Treatment is also 

a prognostic factor, with bio psy without de-

bulking resection being associated with me-

dian OS of 6.8, 4.7, and 8 months in 3 diff er-

ent cohorts. In the case of surgery in the 

same cohort of patients, the median OS was 

17.2, 14.9, and 15.6 months. In the absence 

of any oncological treatment, the median 

OS was 1.8 months in a study from France, 

but it is generally accepted that the median 

OS in the absence of any active oncologi-

cal treatment is 3– 4 months. Regarding ra-

diotherapy, a net advantage was if a dose 

of 50– 60 Gy was administered during post-

surgical resection, without any benefi t if the 

dose is escalated beyond this value. How-

ever, a dose above 60 Gy was associated 

with a signifi cant increase in the rate of tox-

icities without any diff erences in OS [7– 11].

The use of modern radiotherapy tech-

niques that have reduced the dose to 

healthy tissue in the vicinity of the target vol-

ume could limit the rate of treatment-related 

toxicities. Administration of treatment using 

the intensity modulated radiation therapy 

(IMRT) technique reduced the volume of 

a healthy brain receiving 18, 24, and 45 Gy 

by 10%, 14%, and 40%, respectively, com-

pared to cases in which 3D-conformal radia-

tion (3D-CRT) was administered. In the case 

of the brainstem, IMRT technique reduced 

the volume receiving > 45 Gy by 31%. The 

use of radiobio logical models also demon-

strated an increase in the rate of tumor con-

trol probability and a decrease in normal tis-

sue complication probability by using IMRT. 

Initially, the indication of the IMRT technique 

was for cases where there is overlap be-

tween the target volume and critical organs 

in order to better spare at least part of the 

organ at risk. In elderly patients, short-course 

hypo-fractionated radiotherapy (40 Gy in 

15 fractions) plus TMZ demonstrated a ben-

efi t and this has become a standard of care, 

both in cases with methylated O6-methyl-

guanine– DNA methyl-transferase (MGMT) 

and in cases with unmethylated MGMT, al-

though the benefi t is higher in cases with 

methylated MGMT. For the category of pa-

tients with unmethylated MGMT, an acceler-

ated hypo-fractionated protocol of 52.5 Gy in 

15 fractions is also safe and eff ective [12– 15].

The objective of the GRIPS study, a multi-

center trial that includes 326 cases, is to com-

pare the IMRT technique in the standard 

arm with the Proton beam therapy experi-

mental arm. The study also includes data on 

the standard or hypo-fractionated regimen 

and the target volume inclusion of the sub-

ventricular zone and on the administration 

of concurrent chemotherapy. The stand-

ard regimens include 30 fractions of 2 Gy or 

33 fractions of 1.8 Gy, while the hypo-frac-

tionated regimen consists of 15 fractions of 

2.67 Gy. This trial is still ongoing and results 

will likely be available at the end of 2027. The 

primary objective of the study is the cumu-

lative toxicity rate in the fi rst 4 months after 

therapy and secondary objectives are OS, 

progression-free survival (PFS), quality of life 

(QoL), and neurocognition [16].

Glioblastoma –  options beyond 
dis ease progression
At the time of dis ease progression, thera-

peutic options are limited. There are sev-

eral factors that could be considered in the 

decision to perform surgical re-interven-

tion, including Karnofsky Performance Score 

(KPS) > 70 and more than 6 months inter-

val between surgeries being prognostic 

factors for survival, where data are already 

being confi rmed by meta-analyses. Recur-

rence volume < 50 cm3 and KPS ≥80 were 

also correlated with survival. In the article 

“Recurrent glioblastoma multiforme, when 

should we reoperate?” Barbagallo et al. men-

tioned an age ≤ 50 years, but also KPS as fac-

tors associated with a survival benefi t if sur-

gical re-intervention was performed; this 

also delays relapse, with a reduction in the 

need for corticosteroids and with an im-

proved QoL. While there is no consensus re-

garding the decision to re-operate for recur-

rence in GB, there is a consensus that the 

possibility of performing a total gross resec-

tion and the initial subtotal operation should 

be deciding factors for reoperation. France-

schi et al. noted a minimal benefi t of the sec-

ond operation, with MGMT methylation sta-

tus and PFS being identified as prognostic 

factors [8,17,18].

The Food and Drug Administration (FDA) 

approved an anti-angiogenic agent, bev-

acizumab, in the treatment of relapsed GB 

in 2009. The validation studies were phase 

II trials, where initially bevacizumab was 

being associated with a topoisomerase in-

hibitor (irinotecan). With a 6-month PFS rate 

of 42.6% and 50.3% in the bevacizumab 

arm as a single agent or in combination 

with irinotecan, the BRAIN study also iden-

tified higher rates of adverse events, 46% 

and 66% in the monotherapy arm and the 

dual combination arm including irinotecan, 

respectively. The phase II trial conducted in 

14 hospitals in the Netherlands called BELOB 

identified a benefi t only when bevacizumab 

was associated with the alkylating nitrosou-

rea compound administered orally named 

lomustine, which also mentioned the futility 

of launching trials investigating the benefi t 

of bevacizumab alone. Although the EORTC 

26101 trial identified a 2.7-month benefi t in 

PFS (4.2 months vs 1.5 months) in favor of 

the combination of bevacizumab and lo-

mustine, the EORTC 26101 trial did not re-

port a benefi t in OS by adding bevacizumab 

to lomustine, but reported a 63.6% rate of 

grade 3– 5 toxicities in the case of treatment 

with both agents. In this study, MGMT meth-

ylation was identified as a prognostic fac-

tor. Also, the generation of a hypoxic envi-

ronment by suppressing angiogenesis may 

lead to an activation of glycolysis and tumor 

proliferation, possibly requiring the asso-

ciation of a glycolytic inhibitor in the study 

protocols [1,19– 22].

Temozolomide, the most widely used 

alkylating agent in GB, has proven benefi ts 

especially in cases where the O6-MGMT pro-

tein promoter is methylated; these cases are 

being associated with an increased sensitiv-

ity to chemotherapy compared to GB cases 

with un-methylated MGMT status. Re-chal-

lenge with TMZ at the time of progression 

was the subject of a study proposed by 

Franceschi et al. The trial included 106 cases 

that had at least 8 weeks between the com-

pletion of radio-chemotherapy and adju-

vant chemotherapy with TMZ, and cases 
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without progressive dis ease at the fi rst im-

aging fol low-up [23].

The randomized phase III placebo-con-

trolled, partially blinded REGAL trial was 

evaluating another inhibitor of vascular en-

dothelial growth factor (VEGF), Cediranib alone 

or in combination with lomustine in recurrent 

GB. The primary endpoint of the study was 

PFS, and the secondary endpoint was OS. The 

study objectives were not met, but the group 

that combined lomustine with cediranib re-

ported 80% of grade 3 or higher toxicities com-

pared to 60% in the arm treated with lomus-

tine alone or cediranib alone. However, this 

trial also has some positive aspects. Anti-VEGF 

therapy could lead to a reduction in the need 

for corticosteroids and a delay in neurological 

decline, identifying subgroups that will ben-

efi t from anti-VEGF therapy at recurrence re-

mains the subject of future research. The 

AGILE translational trial aims to identify possi-

ble bio markers for stratifying therapy in recur-

rent GB [24,25].

To identify patients with recurrent GB 

after TMZ concurrent with radiotherapy and 

subsequent adjuvant which might bene-

fi t from re-challenge with TMZ at the time 

of dis ease progression, the study compared 

TMZ-based chemotherapy and nitrosourea-

based chemotherapy in cases with a treat-

ment-free interval of ≥ 5 months, with the 

median OS being 17.7 vs 11.6 months in 

favor of TMZ. In conclusion, the authors note 

that a treatment-free interval of ≥ 5 months 

is a predictor of response to re-challenge 

with TMZ. Continuous daily treatment with 

TMZ at 50 g/ m2 at the time of progression 

appears to be a feasible option with an ac-

ceptable toxicity profi le including lympho-

penia. Wick et al. noted a benefi t in re-chal-

lenge with TMZ whether re-challenge was 

proposed after initial failure of TMZ therapy 

or there was a progression-free interval and 

an initial response [26,27].

Alternating electric fields of interme-

diate frequencies, also called tumor treat-

ing fields (TTFields or TTF), are based on ac-

tion at the cell cycle level by interfering with 

the metaphase-anaphase transition, result-

ing in mitotic catastrophe or cell death by 

aberrant exit from mitosis. Alteration of cy-

tokinetic cleavage induces immunogenic 

cell death, which could enhance the anti-

tumor response of the host. The combina-

tion of TTF with TMZ in the adjuvant setting 

was beneficial compared to the adminis-

tration of TMZ as a single treatment. With 

a net benefi t (11.8 vs 9.2 months) for patients 

who were treated with TMZ plus TTF or 

TMZ alone and received 2nd line chemother-

apy + TTF after progression, the EF-14 trial 

(NCT00916409) demonstrates the role of TTF 

in association with systemic treatment after 

recurrence [28,29].

Epidermal growth factor receptor (EGFR) 

amplification expresses mutant receptor 

EGFRvIII identified in approximately 40% of 

GB cases which justifies the evaluation in 

clinical trials of EGFR inhibitors such as er-

lotinib and gefi tib, but also third-genera-

tion agents such as osimetrinib. Neither the 

EGFR inhibitors of generation I nor the bev-

acizumab/ osimetrinib association gener-

ated notable results, where the blockade of 

the PI3K/ AKT/ mTOR pathway was a new re-

search direction due to the potential eff ect 

of increasing TMZ cytotoxicity and decreas-

ing resistance to alkylating agents [30,31].

Regarding immunotherapy, the results are 

mainly summarized in terms of tolerance and 

toxicity profi le without specifi c data regard-

ing survival benefit. For the programmed 

death 1 (PD-1) inhibitor nivolumab, a possi-

ble benefi t is outlined for patients who as-

sociate the methylated status of MGMT with 

the association of pembrolizumab, another 

PD-1 inhibitor with bevzicumab that seems 

to increase the dis ease control rate. A fa-

vorable safety profi le was reported by as-

sociating radiotherapy with a dual angio-

genic and immune checkpoint blockade. 

However, neoadjuvant administration of im-

munotherapy seems promising, with ev-

idence of a benefit in the immune-me-

diated tumor response and possibly in OS. 

The programmed death ligand 1 (PD-L1)

inhibitors atezolizumab, durvalumab, and 

avelumab have been evaluated from the point 

of view of safety profi le, but to date there are 

no conclusive data on OS benefi t. avelumab, 

which was tested in association with another 

VEGF inhibitor (axitinb) demonstrated a ben-

efi t, but without statistical signifi cance, in the 

development of new brain metastases. The 

anti-CTLA4 antibody, ipilimumab, combined 

with the PD-1 inhibitor nivolumab adminis-

tered intratumorally has demonstrated safety 

and a favorable outcome even in OS, open-

ing horizons for intratumoral administration 

of immunotherapy [32,33].

Re-irradiation of recurrent GB – 
between controversies and 
challenges
The number of studies reporting data on the 

option of re-irradiation with a potentially cu-

rative goal provides a solid basis for establish-

ing the safety and feasibility of re-irradiation. 

Both conventional and hypo-fractionated 

radiation regimens have been proposed, 

with doses generally ranging from 15 to 

36 Gy. Median survival generally ranges from 

7 to 13 months, and the risk of radio-necrosis 

is considered low, generally < 10% [34].

Analyzing seventy published articles, 

which included 3302 patients that were all 

initially irradiated with a curative intent for 

a total dose of 60 Gy in 30 fractions, a correla-

tion was identified between median OS and 

irradiation technique after adjustment for 

age, re-irradiation dose, and equivalent bio-

logical dose in standard fractionation (EQD2). 

The interval between irradiation and re-irra-

diation sessions was also a factor involved in 

prognosis. Superior results in OS were iden-

tified in the case of using single fraction ste-

reotactic radiosurgery (SRS), (12.2 months), 

fol lowed by hypo-fractionated stereotac-

tic radiotherapy (10.1 months). In the case of 

using conventional fractionation in the re-ir-

radiation regimen, the median OS was only 

8.9 months. Even though the study argues 

for a benefi t of single fraction radiosurgery in 

recurrent GB re-irradiation, the authors men-

tion that there could be a selection bias and 

it cannot be stated with certainty whether 

there is superiority of the SRS technique in 

this case. The study validates the option of 

re-irradiation by any of the 3 techniques 

mentioned above, where the results and tox-

icity profi le are favorable. Using SRS and frac-

tionated stereotactic radiotherapy (fSRT) for 

salvage therapy of recurrent GB, Gigliotti et 

al. reported a median OS of 9 months and 

a 29% OS rate at 1 year, with re-irradiation 

being delivered with a linear accelerator 

(LINAC) for a total dose of 25 Gy in 5 fractions. 

This study also reports low toxicity rates and 

advocates the use of these techniques in re-

irradiation of recurrent GB [35,36].

Almost 20 years ago, Grosu et al. pro-

posed the fi rst clinical trial including re-irra-

diation using fSRT and TMZ, where image-

-guided radiotherapy was used in all cases. 

Target volumes were delineated using (11)

C-methionine positron emission tomogra-

phy (MET-PET) or 123I-alpha-methyl-tyrosine 

(IMT) single-photon computed emission to-

mography (SPECT)/ CT fused with simula-

tion CT. Radiotherapy was administered for 

a total dose of 30 Gy in 6 fractions of 5 Gy 

for 6 consecutive days, preceded by 2 cy-

cles of TMZ 200 mg/ m2. Even though the 

median OS was 8 months in the study, sig-
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nifi cant diff erences (9 months vs. 5 months) 

were observed in OS between cases for 

which treatment planning was performed 

based on PET-CT/ SPECT fusion with CT plan-

ning compared to cases in which radiother-

apy planning was based on MRI-CT fusion, 

respectively. Longer interval between fi rst 

treatment and recurrence, and interval to re-

treatment and TMZ were identified as prog-

nostic factors. Amino-acid PET (AA-PET) and 

the concept of bio logical dose painting for 

delineation of the target volume of re-irra-

diation was exploited in a phase II trial (NOA 

10/ ARO 2013-1). The study has multiple end-

points, from the evaluation of the re-irradia-

tion benefi t in term of OS, in the toxicity pro-

fi le, to comparative evaluation of QoL using 

the EORTC QLQ-C15 PAL questionnaire and 

to the comparison of the of re-irradiation 

target volume delineated on AA-PET versus 

MRI [37– 39].

Analyzing the tolerance of treatment 

with re-radiation fSRT or SRS treated with 

second-line chemotherapy, Gregucci et 

al. analyzed the outcomes of patients with 

HGG. It is important to note the heteroge-

neity of tumor types, but also of the treat-

ment for relapse, including multifocal form 

of GB. At 13 months after relapse, 33% of 

patients were alive, and of the deaths, 75% 

were due to dis ease progression. Even if the 

toxicity profi le regarding radio-necrosis was 

favorable, the authors mentioned hema-

tological toxicity, septic or thromboembo-

lism-associated deaths and even wound de-

hiscence in a case treated with regorafenib. 

However, the study advocated for the pos-

sibility of using second-line chemother-

apy after relapse in association with local

treatment [40].

Limiting the cumulative dose around the 

EQD2 value of 120 Gy is considered a dosi-

metric endpoint that reduces the risk of cere-

bral radio-necrosis to < 10%, but an increase 

in the cumulative EQD2 dose to 132 Gy in-

creases the risk of toxicity to 24%. Taking 

this into account, most cases were treated 

with a total dose in the fi rst therapeutic se-

quence of 60 Gy in a standard fractionation 

regimen, so we could consider as a recom-

mendation to limiting EQD2 to a maximum 

of 60 Gy in the second treatment sequence. 

Limiting the volume treated in SRS to 10 ml 

for doses of 15 Gy is associated as an accept-

able risk of brain necrosis to approximately 

8%. Also, limiting the margin from the clini-

cal target volume to the planning target vol-

ume to 2 mm is acceptable to reduce the risk 

of cerebral necrosis. However, if SRS or ul-

tra-hypo-fractionated regimens are admin-

istered, a cumulative EQD2 dose of a maxi-

mum of 100 Gy is recommended; this fi nding 

is based on the concept that the linear quad-

ratic model cannot provide an accurate dose 

equivalence at fractions > 10 Gy, and using 

the 120 Gy EQD2 threshold value in this 

situation could underestimate the risk of late 

toxic eff ects [41– 44].

Rahman et al. identified several factors for 

and against re-irradiation, among those ad-

vocating for re-irradiation, a long interval be-

tween recurrence and the first treatment, 

Tab. 1. Studies that include diff erent approaches to radiation in recurrent high-grade gliomas.    

Tumor type Number 
of cases

Fractionation 
regimen/re-irradiation 
technique

Endpoints/respons References

grade IV gliomas 25
25 Gy / 5 fractions; 

LINAC based SRS

median OS – 39 months after (initial) diagnosis; 1, 3, and 

5-year OS rate of 88, 56, and 30%, respectively. 

Gigliotti 

et al. (2018) 

[36] 

high-grade gliomas 

(anaplastic oligodendro-

glioma, anaplastic as-

trocytoma glioblastoma 

multiforme, gliosarcoma)

44 30 Gy / 6 fractions; FSRT

biologic imaging optimized FSRT using amino acid PET 

(SPECT)/CT/MRI image fusion plus temozolomide in recu-

rrent high-grade gliomas.

Grosu 

et al. 2005 

[37]

high grade gliomas (ana-

plastic oligodendro-

glioma, glioblastoma 

including cases of mul-

tifocal form, anaplastic 

astrocytoma)

30 SRS and WBRT

safety and effi  cacy evaluation of re-irradiation by SRS or 

FSRT in association to chemotherapy; median OS and PFS 

after recurrence – 12.1 and 11.2 months respectively. Six-

-month and one-year OS, 81% and 51% respectively, no grad 

≥ 2 neurological toxicity and radinocrosis reported

Gregucci 

et al. 2022 

[40]

anaplastic astrocytoma, 

WHO III and glioblastoma, 

WHO IV

161

re-irradiation with be-

vacizumab (10 mg/kg 

bodyweight) concomi-

tantly on days 1 and 15 

evaluation of bevacizumab role in re-irradiation setting; 

concomitant bevacizumab eff ectively reduces treatment 

toxicity

Fleis-

chmann 

et al. 2019 

[44]

high grade gliomas

phase II

trial 

(NOA 

10/ARO 

2013-1);

271 

cases

FSRT

amino-acid PET vs. MRI guided FSRT regarding tumor re-

sponse and toxicity/ no discernible advantage of PET-ba-

sed re-irradiation when compared to GdT1-MRI-based have 

been reported

Oehlke et al. 

2016 [38]; 

Popp et al. 

2024 [44]; 

Grosu et al.  

2024 [45]

LINAC – liniar accelerator; OS – overall survivor; PFS – progression free survival; FSRT – fractionated stereotactic radiotherapy; SPECT – single 

photon emission tomography; SRS – stereotactic radiosurgery; WBRT – whole brain radiation therapy
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a limited recurrence in volume, a favorable 

performance status, and good tolerance to 

the fi rst treatment. Anatomical location of 

target volume related to severe risk of toxic-

ity after re-irradiation is also a decisive fac-

tor. Multifocal recurrences, frail patients and 

poor performance status, the patient‘s de-

sire to receive other active treatment or pal-

liative treatment, and alternative options 

with a lower risk of side eff ects are also fac-

tors against re-irradiation [34]. Studies that in-

clude diff erent approaches to radiation in re-

current HGG have been summarized in Tab. 1.

Re-irradiation in GBs - steps 
towards standardization
Recently, the European Association for 

Neuro-Oncology/ European Society for Ra-

diotherapy and Oncology (ESTRO/ EANO) 

recommendations regarding re-irradia-

tion of GB were published. The main pro-

posed directions are based on expert con-

sensus and statistical data analysis and are 

discussed in 9 questions. KPS is considered 

a major factor in the decision to initiate re-

irradiation, a minimum interval of 6 months 

since the last irradiation is recommended. 

T1-weighted MRI is the recommended im-

aging, being complemented by other pro-

tocols including MR perfusion, MRI spectros-

copy, and PET-CT imaging with amino acids. 

The use of 3– 5 mm margins from the gross 

tumor volume to the clinical target volume 

and a fractionation of 35 Gy in 10 fractions is 

also proposed. For small tumor recurrences, 

the authors recommend hypofractionated 

regimens of 30 Gy in 5– 6 fractions and even 

stereotactic irradiation [47]. Dose summa-

tion using EQD2 and /  values = 3 are pro-

posed for dose summation to risk organs, 

and the use of alkylating agents such as lo-

mustine and temodolomide, but also antian-

giogenics such as bevacizumab is accepted. 

Regarding fol low-up, it is recommended to 

use the initial plan to diff erentiate radione-

crosis from progression and avoid declar-

ing a progression on MRI performed at 

6 weeks [48].

Conclusions
Re-irradiation is an option for GB in care-

fully selected cases, and the choice of tech-

nique between standard fractionation, hipo-

fractionated stereotactic radiation therapy, 

and SRS should take into account techni-

cal and patient dis ease-related factors. The 

use of alkylating agents TMZ and lomustine 

in combination with re-irradiation seems to 

be a benefi cial strategy especially after a se-

lection of therapy based on MGMT meth-

ylation. Neo-adjuvant immunotherapy and 

the identifi cation of molecular bio markers as 

well as more precise delineation of the tar-

get volume based on amino-acid PET-CT, 

but also the use of glycolytic inhibitors in 

combination with anti-VEGF agents are fu-

ture research directions.
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