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Primary tumors

Biology 

Glioblastomas are thought to arise from neuroglial stem
or progenitor cells and are characterized by molecular heterogeneity
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Pathology and classification  

The pathologic hallmarks of glioblastoma 
are:
- a diffusely infiltrative neoplasm with 

astroglial appearance (angulated nuclei 
and irregular chromatin), 

- microvascular proliferation
- and/or necrosis

Third update of c-IMPACT-NOW 
recommend diagnostic criteria for 
“diffuse astrocytic gliomas, IDH-wildtype, 
with molecular features of glioblastoma,
WHO grade IV.” → In the absence of IDH 
mutations, either TERT promoter 
mutations or EGFR amplification are 
now considered sufficient molecular
evidence of glioblastoma with similar
clinical outcome, even when histologic
examination meets only WHO grade II or 
III criteria.

Consortium to Inform Molecular and 
Practical Approaches to CNS Tumor
Taxonomy
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Pathology and classification  

Conversely, mutations in IDH1/2 in adult
diffuse gliomas allow prediction of extended
patient survival.

In keeping with the distinct biology
and clinical behavior of grade IV gliomas
as a function of IDH mutation status, the 
cIMPACT-NOW consensus group suggests
that the term “glioblastoma” no longer
apply to IDH-mutant tumors, and 
suggests instead the term “astrocytoma, 
IDH-mutant, WHO grade IV” for such
tumors, to distinguish them from IDH-wt
glioblastoma
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Pathology and classification → 2021  

In the updated fourth
edition CNS classification
from 2016, the common 
diffuse gliomas of adults
were divided into 15 entities, 
largely because different
grades were assigned to 
different entities

WHO CNS5, on the other hand, includes only 3 types: 
1 - Astrocytoma, IDH-mutant
2 - Oligodendroglioma, IDH-mutant and 1p/19q-codeleted;
3 - Glioblastoma, IDH-wildtype.
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In the current classification all IDH-
mutant diffuse astrocytic tumors are 
considered a single type
(Astrocytoma, IDH-mutant) and 
are then graded as
CNS WHO grade 2, 3, or 4.

- As a result, Glioblastoma, IDH-wildtype should
be diagnosed in the setting of an IDH-wildtype
diffuse and astrocytic glioma in adults if there is
microvascular proliferation or necrosis or TERT 
promoter mutation or EGFR gene amplification
or +7/−10 chromosome copy number changes. 
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Diagnosis and imaging

cerebral
blood volume 
(CBV)

apparent
diffusion
coefficient
(ADC)
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Diagnosis and imaging

Accurate determination of response and progression remains a challenge. 

- RANO criteria for highgrade gliomas is the most widely used standard in clinical trials.
- These criteria use 2D tumor measurements and provide guidance on evaluating

pseudoresponse, non-enhancing progression, and pseudoprogression.
- More recently, modifications to the RANO criteria have been suggested using a post-

RT baseline, and confirmation of progression on subsequent scans has been advised, 
especially for agents associated with pseudoprogression, to ensure that patients are not
removed from therapies prematurely. 

- Reduce the possibility that patients with spontaneously improving pseudoprogression
would be offered salvage options or placed inappropriately on clinical trials for 
presumed progressive disease
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Medical management and supportive care

dexamethasone
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Medical management and 
supportive care

Anti-epileptic drugs
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Medical management and 
supportive care

Venous thromboembolism
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Standard primary treatment
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Radiotherapy target volumes

Neurosurg Clin N Am 32 (2021) 211–223
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Primary tumors

Radiotherapy target volumes and doses 
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Radiotherapy target volumes – perspective 

Identify and perform a model of GB infiltration

Therefore, any mathematical model that
attempts to predict GB dynamics and 
reproduce the formation of these
evolutionary patterns must face these
challenges.

PLoS Comput Biol 2021; 17(1): e1008632.
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Radiotherapy target volumes – perspective 

Identify and perform a model of GB infiltration

Therefore, any mathematical model that
attempts to predict GB dynamics and 
reproduce the formation of these
evolutionary patterns must face these
challenges.

- The mathematical model is based on a non-linear system of evolution
equations in which the mechanisms leading chemotaxis, haptotaxis, and 
front dynamics compete with the movement induced by the saturated
flux in porous media. 

- This approach is able to capture the relative influences of the involved
agents and reproduce the formation of patterns, which drive tumor
front evolution. 

- These patterns have the value of providing biomarker information that
is related to the direction of the dynamical evolution of the front and 
based on static measures of proteins in several tumor samples.

- Furthermore, we consider in our model biomechanical elements, like
the tissue porosity, as indicators of the healthy tissue resistance to tumor
progression

PLoS Comput Biol 2021; 17(1): e1008632.



Primary tumors

Radiotherapy target volumes – perspective 

Different types of imaging 3 different advanced imaging strategies
seeking to redefine target delineation
for glioblastoma: 
- multiparametric magnetic resonance (MR),
- MR spectroscopy
- functional imaging.

A multi-institutional phase II trial (NCT02805179) → if
multiparametric advanced imaging approach to guide RT (75 
Gy/30#) → OS. 
- first 12 patients → advanced imaging target 2 times smaller than
the T1 enhancement volumes and 10 times smaller than the FLAIR 
volumes, with only a 57% overlap with the enhancement region on 
MRI alone

Neurosurg Clin N Am 32 (2021) 211–223
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Radiotherapy target volumes – perspective 

Different types of imaging 3 different advanced imaging strategies
seeking to redefine target delineation
for glioblastoma: 
- multiparametric magnetic resonance (MR),
- MR spectroscopy
- functional imaging

Integration of a dose-escalation (75 Gy/30 #) approach to 
sMRI-defined high-risk regions has been successfully tested;
- A phase II multiinstitutional pilot study using sMRI-
defined target volumes (NCT03137888) is also under way 
with co-primary endpoints of feasibility and incidence of 
adverse events; data from the first 18 patients have been
promising

Neurosurg Clin N Am 32 (2021) 211–223
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Radiotherapy target volumes – perspective 

Different types of imaging 3 different advanced imaging strategies
seeking to redefine target delineation
for glioblastoma: 
- multiparametric magnetic resonance (MR),
- MR spectroscopy
- functional imaging

trials are currently under way to
compare FET-PET with MRI alone in 
randomized settings (NCT01252459
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This study quantifies interfraction dynamics
(tumor size, position, and geometry) based on 
sequential MR imaging scans obtained during
standard 6-week chemoradiation

Int J Radiation Oncol Biol Phys, Vol. 109, No. 3, pp. 736e746, 2021

Target dynamics were quantified
by absolute volume (V), volume 
relative to Fx0 (Vrel), and the 
migration distance (dmigrate;
the linear displacement of the 
GTV or CTV relative to Fx0).

MR gadolinium-enhanced T1 (T1c) 
and T2/FLAIR axial sequences at
planning (Fx0), 
fraction 10 (Fx10), 
fraction 20 (Fx20), 
and 1 month after the end

Radiotherapy target volumes – MRI 



Primary tumors

Int J Radiation Oncol Biol Phys, Vol. 109, No. 3, pp. 736e746, 2021
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Radiotherapy target volumes – perspective 

Int J Radiation Oncol Biol Phys, Vol. 109, No. 3, pp. 736e746, 2021

- The GTV (CTV) migration distances were
greater than 5 mm in 46% (54%) of patients
at Fx10, 50% (58%) of patients at Fx20, and 
52% (57%) of patients at P1M. 

- with 40% of patients exhibiting a decreased
GTV (Vrel1) with a dmigrate >5 mm during
chemoradiation therapy.
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Int J Radiation Oncol Biol Phys, Vol. 109, No. 3, pp. 736e746, 2021

Clinical implication

- The attention to target volume is guided by → analysis of recurrence
→ treatment related toxicity
→ peritumoral at risk volume

- Extensive margin GTV_CTV (1.5-2 cm) → include the majority of intrafraction 
tumour dynamic change 
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Int J Radiation Oncol Biol Phys, Vol. 109, No. 3, pp. 736e746, 2021

Clinical implication

1) 58% and 68% of patients had a Dmigrate >5 mm for the GTV and CTV suggests that with a 
trend toward a decrease in the GTV and CTV, an isotropic margin of 3 to 5 mm for PTV is 
insufficient to accommodate inter-fraction tumour dynamics

2) GTV and CTV dynamics are correlated, strategies to adapt to changes in GTV morphology
during RT will translate to improved coverage of the CTV. Given that the predominant
pattern of volume change was a reduction in the GTV and CTV and that the majority
experience a decreasing Vrel, the therapeutic impact of adaptive radiation therapy as the 
GTV shrinks → reduction in the volume of brain irradiated.

3) the majority of target changes occur between Fx0 and Fx10; Between Fx0 and Fx10, 
absolute T1c GTV changed by a range of 33.2 to 33.2 cm3. Similarly, the GTV and CTV 
migration distance was as large as 17.3 and 16.2 mm, respectively.
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Primary tumors
Imaging and radiomics and AI

- Radiomics characteristics and prediction of survival



Cancers 2021, 13, 5047

Primary tumors
Imaging and radiomics and AI

- Radiomics characteristics and prediction of survival
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European Radiology (2021) 31:2084–2093

The optimal threshold, according to survival
differences, yielded 187 and 122 features for 
OS and PFS

Resulted in 13 and 17 features
associated with OS and PFS

Radiomics score (rad-score) was
calculated as the sum of the 
non-zero coefficients multiplied
by the selected radiomics fts
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European Radiology (2021) 31:2084–2093
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Radiotherapy and doses 

Standard dose → 60 Gy in 30#
→ 40.05 in 15#

- A total of 26 reports (prospective) were
included in the qualitative portion of the 
systematic review and 22/26 articles utilized
for quantitative meta-analysis.

- Comparison DeRT vs SoC-RT with/out TMZ

- both a PFS and OS benefit to patients with 
DeRT alone vs SoC-RT alone

- neither a PFS nor an OS benefit was found
with DeRT + TMZ vs SoC-RT + RT
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- Pulsed RT (PRT), also referred to as low-dose rate therapy, divides 2-Gy fraction into ten 0.2-
Gy pulses, separated by 3-minute intervals. 

- PRT may bypass the limitations of SRT and has proven to be efficacious in preclinical studies.
- PRT, while enhancing tumor kill, may also enhance the therapeutic index as it allows more 

time for repair of RT-induced damage within non-dividing normal cells compared with SRT

This is a single-arm, prospective study.

Patients received 60 Gy PRT utilizing VMAT/ single 
arc. 
PRT was delivered in daily 2-Gy fractions, given in 
ten 0.2-Gy pulses;  separated by 3-minute “beam-
off” intervals→ 40 min daily treatment
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21 patients

20.9 months 10.7 months
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Radiotherapy - technique 



- Different retrospective studies →
SRS as sequential boost → POS

Primary tumors

Radiotherapy – technique – temptations to increase RT efficacy  

Radiosurgery - Stereotactic radiosurgery (SRS) allows spatially precise targeted delivery 
of high-dose radiation with sub-millimeter accuracy. 
- It is commonly used for treatment of small-to-moderate volume discrete 
brain lesions residing in deeper and/or functionally eloquent brain regions

Recurrent GBL

- Small volumes
- Small margin
- Limited fractions

Primary GBL → boost
- Small volumes
- Small margin
- Higher dose

- RTOG 93–05 ® SRS boost delivered
upfront of FRT +BCNU vs FRT + BCNU
- 203 patients with GBM with a 
tumor→ NEG IJROBP 2004; 60(3):853

Neurosurg Clin N Am 32 (2021) 117–128
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Standard 
treatment
at recurrence



Primary tumors – recurrence 



Primary tumors – recurrence 



Primary tumors – recurrence 

Regorafenib

Lancet Oncol 2019; 20: 110–119



Radiotherapy – reirradiation 
(RI)

Primary tumors – recurrence 

Relevant clnical questions
- the appropriate patient selection
- radiation technique
- optimal dose fractionation
- reirradiation tolerance of the brain and
- the risk of radiation necrosis.

Radiat Oncol (2021) 16:36

Target definition
GTV → the visible lesion on MRI contrast-
enhanced T1; CTV→ potential suspected
microscopic tumor infiltration and potential
paths of microscopic spread, is adding a 
variable margin of 0–5 mm to the GTV
- PET/CT with radiolabeled aa may help

Brain toxicity
- For conventional fractionation (2Gy/#), 5%-10% risk of 

symptomatic RN → (BED) of 72 Gy (range, 60–84 Gy) -
90 Gy (range 84–102 Gy)

- SRS, the risk increases rapidly → brain to 12 Gy is >5–10 ml
- In RI → consider: dose, fractionation, treated volume, 

combined CHT, and interval between radiation
treatments

- No RN if BED EqD2 cumulative < 96 Gy
- risk → 0–3% after conventional fractionation at

cumulative EQD2 < 101 Gy; → 7–13% after hypoSRT at
cumulative EQD2 of 102–130 Gy; →and up to 24.4% after
SRS cumulative EQD2 of 124–150 Gy



Radiotherapy – reirradiation (RI)

Primary tumors – recurrence 

Radiat Oncol (2021) 16:36

Survival benefit 
SRS →
- 15-18 Gy volume 4-10 ml → PFS 4.4-6 mo;  OS 7.5-13 mo
- SRS + TMZ → slightly better
- Risk of RN is related to dose and volume (value around

120 Gy risk <10% when volume <10ml)

Hypo →
- 30-45 Gy in 2.5-4Gy/# → 7.5-12.5 mo
- Association with TMZ can improve results

Conventional →
- 36 Gy in 18 # → PFS 2.5-5 mo; OS 6.7-11.5 mo
- RN risk is low also in volumes 100 ml or bigger

Prognostic factors

- age; KPS; histology are 
confirmed as prognostic factors

- salvage surgery before
reirradiation and the time 
between radiation courses did
not emerge as independent
prognostic factors
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Radiotherapy – integration with medical treatment - immunotherapy 

Journal of Neuro-Oncology (2021) 151:375–391
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Radiotherapy – integration with medical treatment - immunotherapy 

Journal of Neuro-Oncology (2021) 151:375–391
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Radiotherapy – integration with medical treatment - immunotherapy 

Journal of Neuro-Oncology (2021) 151:375–391
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ClinicalTrials.gov as “recruiting” or “not yet recruiting” as of 2/2021
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Radiotherapy and doses 


