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Background

The current standard of care for newly 
diagnosed GBM is maximal surgical 
debulking, followed by adjuvant RT (60 
Gy/30#) with concomitant and adjuvant 
TMZ chemotherapy. 
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ESTRO guideline committee 
on GBM target delineation 
recommends a single clinical 
target volume (CTV) as defined 
by an expansion of 2 cm from 
the residual tumor and 
resection cavity (GTV) without 
inclusion of peritumoral edema. 

This target approach has been 
used in several EORTC trials.



Target volume definitions utilized by cooperative 
groups in the United States and Europe

EORTC
Cavity + 
T1E + 2-3 
cm

RTOG/NRG
T2 + T1E + 
cavity + 20 
mm

ABTC
T2 + T1E 
+ cavity + 
5 mm
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Literature search strategy

ü The final literature review was conducted in April 
2022      1.013 abstracts were retrieved, 

ü 51 studies providing data on target delineation and 
radiation therapy details for glioblastoma were
selected for evaluation. 

ü Abstracts presented at the ESTRO and ASTRO 
conferences between 2015 and 2021 were analysed
separately. 



Delphi process: 2 
predefined rounds 
(modified)

Alaloul et al. 2016

65% consensus
80% strong consensus



Delphi process: 2 predefined rounds



Delphi process: 
2 predefined 
rounds



ESTRO-EANO 
guideline on 
target 
delineation 
and 
radiotherapy 
details for 
glioblastoma: 
an example of 
postoperative
contouring of a 
frontal GBM
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ESTRO-EANO guideline on target 
delineation and radiotherapy details 
for glioblastoma

Distinguishing infiltrating
non-enhancing tumour from 
oedema on T2/FLAIR can be 
challenging. The expert
panel agreed that it is not
necessary to include all T2/ 
FLAIR signal abnormality
where these are felt to 
represent oedema. 



ESTRO-EANO guideline on target 
delineation and radiotherapy details 
for glioblastoma

Changes that were felt to 
represent non-enhancing tumour
they should be encompassed in 
the CTV. 
However, based on currently
available evidence, no con-
sensus could be reached
regarding the margin that should
be added to the T2/FLAIR volume
(0 – 15 mm). 



La PET con F-DOPA identifica progressione di 
malattia in paziente con glioma di alto grado 
precedentemente sottoposto a radioterapia
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Guideline 2016 Current guideline

GTV Cavity + T1 CE Cavity + T1 CE, optionally 

PET-based BTV or FLARI 

alteration clearly visualized 

as tumour
Role of PET Lack of definite evidence Amino acid PET a valuable 

tool for target delineation
CTV Margin 20 mm 15 mm
PTV margin 3-5 mm, audit own IGRT 

capabilities

At maximum 3 mm advised

Anatomical adaptations falx/tentorium 5 mm falx/tentorium 0 mm

ESTRO-EANO guideline on target 
delineation and radiotherapy details 
for glioblastoma
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The ESTRO-EANO guideline committee 
proposes the following pragmatic algorithm



ü Is it possible further CTV margin reduction?

ü Use of positron emission tomography (PET) 
with aminoacid tracers and advanced 
physiology-based MRI techniques, such as 
MR spectroscopy, diffusion MRI and 
perfusion MRI, for target delineation with the 
aim of providing additional metabolic and 
structural information integrating the 
information of conventional MRI.

ü Special situations: target delineation for 
molecular IDH-wt gliomas, hipofractionated
schedules, reirradiation

What’s next?
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to that approach. Despite distant recurrences occurring
more frequently than marginal recurrences (ie, at edge of
high-dose volume), whole brain radiation therapy does not
afford any benefit in glioblastoma. In the 1990s and early
2000s, several studies suggested that smaller CTV expan-
sions would not compromise local control or survival, with
most recurrences still occurring within the surgical bed or
unresected primary tumor.5-9 Notably, the Adult Brain
Tumor Consortium endorsed 5-mm CTV expansions.9

Smaller CTVs can potentially improve quality of life, by
reducing acute and long-term toxicity, including lymphopenia
and neurocognitive decline, which must be balanced against
compromising tumor control and effectively covering micro-
scopic extension. Two broad approaches can be considered:
using tighter CTV expansions5-8 and using novel imaging to
be more selective and specific on what regions of the brain to
include.10,11 Both approaches have been studied.

We highlight 3 modern studies12-14 that incorporated
reduction of CTV expansions in glioblastoma to reduce
toxicity,12 escalate radiation dose,13 and hypofractionate,15

with each approach aiming to ultimately improve patient
outcomes.

Minniti G, Tini P, Giraffa M, et al. Feasibility of clinical
target volume reduction for glioblastoma treated
with standard chemoradiation based on patterns of
failure analysis. Radiother Oncol. 2022;181:109435.12

Summary: Similar to previous reports, Minniti et al12

reported on 207 patients with glioblastoma who were
treated with European Society for Radiotherapy and Oncol-
ogy target volume guidelines of CTV = GTV + 2-cm mar-
gin. The location of intracranial progression was in-field for
180 patients (87%), marginal in 5 patients (2%), and distant
in 22 patients (11%). In-field recurrences were defined as at
least 80% of the recurrent tumor intersecting the 95% iso-
dose line, and they were considered distant if less than 20%
of the recurrent volume was within the 95% isodose line
(20%-80% was considered marginal). Distant recurrences
were more common in patients with O6-methylguanine-
DNA-methyltransferase (MGMT) promoter-methylated
tumors than in those with unmethylated tumors (19% vs
6%, respectively; P = .0046) and also occurred sooner in
unmethylated tumors (P = .01).

These recurrence patterns were then compared with a
hypothetical volume of CTV = GTV + 1-cm margin. A new
(undelivered) radiation therapy plan was created for each
patient with these reduced margins, and the new plans dem-
onstrated a significant reduction to the normal brain and
hippocampi. Although this reduced CTV was not used in
patient care, this smaller volume was hypothesized as a rea-
sonable approach to reduce toxicity without affecting pat-
terns of recurrence in the modern era.

Commentary: In context, this recent report reflects one of
many similar papers in the intensity modulated radiation
therapy era that retrospectively demonstrate, among

patients treated for glioblastoma, that a reduction to 1 cm
in CTV expansion could have a dramatic effect on total
irradiated volume and subsequent treatment-induced
neuro-sequelae, particularly for larger tumors. Other
groups have published similar results with reduced margins
using the RTOG/NRG expansion method, including with
simultaneous integrated boost, demonstrating similar
results. Although Minniti and colleagues show that study-
defined patterns of recurrence are similar with the
reduced-CTV plans, with in-field and marginal recurrences
occurring in 86% and 13%, respectively, prospective valida-
tion is warranted because the larger margin actually used
for treatment may have affected the observed pattern of
recurrence. Comparative prospective assessments are also
needed to understand the clinical benefit of reduced mar-
gins, including patient-reported quality of life, clinical
symptoms, and other objective measures of neurologic
function.

An additional interesting component of this work is the
idea that tumors harboring MGMT promoter hypermethy-
lation may exhibit a different pattern of recurrence, consis-
tent with an older study using standard CTV margins,7 and
that perhaps margin expansions should be tailored to the
tumor’s molecular profile as opposed to World Health
Organization grade alone. Further research to flush this out
is important, however, as it is possible that MGMT methyl-
ated tumors are more sensitive to radiation therapy, thus
shifting the location from in-field to distant, or alternatively
that they exhibit a different natural history favoring else-
where progression.

Laack NN, Pafundi D, Anderson SK, et al. Initial results
of a phase 2 trial of 18F-DOPA PET-guided dose-
escalated radiation therapy for glioblastoma. Int J
Radiat Oncol Biol Phys. 2021;110:1383-1395.13

Summary: Laack et al13 provide a report of a phase 2 clini-
cal trial from the Mayo Clinic that enrolled 75 patients with
newly diagnosed glioblastoma and obtained a postoperative
positron emission tomography (PET) scan with an 18F-flu-
oro-dihydroxyphenylalanine radiotracer previously vali-
dated to have high specificity and sensitivity for
glioblastoma tissue.13,16 This radiotracer is currently US
Food and Drug Administration approved for use in Parkin-
son disease. The PET imaging was fused with conventional
magnetic resonance imaging (MRI) to determine 3 CTVs of
varying dose levels: 76 Gy to the highly PET-avid tumor,
surgical cavity, and residual tumor; 60 Gy to the GTV with
1-cm expansion; and 51 Gy to the fluid attenuated inversion
recovery signal abnormality with a 1-cm expansion. This
was delivered over 30 fractions using a simultaneous inte-
grated boost technique.

In this dose escalation study to 76 Gy in 30 fractions, the
rate of grade 3 central nervous system necrosis was 13%.
Compared with historical controls in the modern era,
among patients with MGMT unmethylated tumors, this

294 International Journal of Radiation Oncology ! Biology ! Physicsto that approach. Despite distant recurrences occurring
more frequently than marginal recurrences (ie, at edge of
high-dose volume), whole brain radiation therapy does not
afford any benefit in glioblastoma. In the 1990s and early
2000s, several studies suggested that smaller CTV expan-
sions would not compromise local control or survival, with
most recurrences still occurring within the surgical bed or
unresected primary tumor.5-9 Notably, the Adult Brain
Tumor Consortium endorsed 5-mm CTV expansions.9

Smaller CTVs can potentially improve quality of life, by
reducing acute and long-term toxicity, including lymphopenia
and neurocognitive decline, which must be balanced against
compromising tumor control and effectively covering micro-
scopic extension. Two broad approaches can be considered:
using tighter CTV expansions5-8 and using novel imaging to
be more selective and specific on what regions of the brain to
include.10,11 Both approaches have been studied.

We highlight 3 modern studies12-14 that incorporated
reduction of CTV expansions in glioblastoma to reduce
toxicity,12 escalate radiation dose,13 and hypofractionate,15

with each approach aiming to ultimately improve patient
outcomes.

Minniti G, Tini P, Giraffa M, et al. Feasibility of clinical
target volume reduction for glioblastoma treated
with standard chemoradiation based on patterns of
failure analysis. Radiother Oncol. 2022;181:109435.12

Summary: Similar to previous reports, Minniti et al12

reported on 207 patients with glioblastoma who were
treated with European Society for Radiotherapy and Oncol-
ogy target volume guidelines of CTV = GTV + 2-cm mar-
gin. The location of intracranial progression was in-field for
180 patients (87%), marginal in 5 patients (2%), and distant
in 22 patients (11%). In-field recurrences were defined as at
least 80% of the recurrent tumor intersecting the 95% iso-
dose line, and they were considered distant if less than 20%
of the recurrent volume was within the 95% isodose line
(20%-80% was considered marginal). Distant recurrences
were more common in patients with O6-methylguanine-
DNA-methyltransferase (MGMT) promoter-methylated
tumors than in those with unmethylated tumors (19% vs
6%, respectively; P = .0046) and also occurred sooner in
unmethylated tumors (P = .01).

These recurrence patterns were then compared with a
hypothetical volume of CTV = GTV + 1-cm margin. A new
(undelivered) radiation therapy plan was created for each
patient with these reduced margins, and the new plans dem-
onstrated a significant reduction to the normal brain and
hippocampi. Although this reduced CTV was not used in
patient care, this smaller volume was hypothesized as a rea-
sonable approach to reduce toxicity without affecting pat-
terns of recurrence in the modern era.

Commentary: In context, this recent report reflects one of
many similar papers in the intensity modulated radiation
therapy era that retrospectively demonstrate, among

patients treated for glioblastoma, that a reduction to 1 cm
in CTV expansion could have a dramatic effect on total
irradiated volume and subsequent treatment-induced
neuro-sequelae, particularly for larger tumors. Other
groups have published similar results with reduced margins
using the RTOG/NRG expansion method, including with
simultaneous integrated boost, demonstrating similar
results. Although Minniti and colleagues show that study-
defined patterns of recurrence are similar with the
reduced-CTV plans, with in-field and marginal recurrences
occurring in 86% and 13%, respectively, prospective valida-
tion is warranted because the larger margin actually used
for treatment may have affected the observed pattern of
recurrence. Comparative prospective assessments are also
needed to understand the clinical benefit of reduced mar-
gins, including patient-reported quality of life, clinical
symptoms, and other objective measures of neurologic
function.

An additional interesting component of this work is the
idea that tumors harboring MGMT promoter hypermethy-
lation may exhibit a different pattern of recurrence, consis-
tent with an older study using standard CTV margins,7 and
that perhaps margin expansions should be tailored to the
tumor’s molecular profile as opposed to World Health
Organization grade alone. Further research to flush this out
is important, however, as it is possible that MGMT methyl-
ated tumors are more sensitive to radiation therapy, thus
shifting the location from in-field to distant, or alternatively
that they exhibit a different natural history favoring else-
where progression.

Laack NN, Pafundi D, Anderson SK, et al. Initial results
of a phase 2 trial of 18F-DOPA PET-guided dose-
escalated radiation therapy for glioblastoma. Int J
Radiat Oncol Biol Phys. 2021;110:1383-1395.13

Summary: Laack et al13 provide a report of a phase 2 clini-
cal trial from the Mayo Clinic that enrolled 75 patients with
newly diagnosed glioblastoma and obtained a postoperative
positron emission tomography (PET) scan with an 18F-flu-
oro-dihydroxyphenylalanine radiotracer previously vali-
dated to have high specificity and sensitivity for
glioblastoma tissue.13,16 This radiotracer is currently US
Food and Drug Administration approved for use in Parkin-
son disease. The PET imaging was fused with conventional
magnetic resonance imaging (MRI) to determine 3 CTVs of
varying dose levels: 76 Gy to the highly PET-avid tumor,
surgical cavity, and residual tumor; 60 Gy to the GTV with
1-cm expansion; and 51 Gy to the fluid attenuated inversion
recovery signal abnormality with a 1-cm expansion. This
was delivered over 30 fractions using a simultaneous inte-
grated boost technique.

In this dose escalation study to 76 Gy in 30 fractions, the
rate of grade 3 central nervous system necrosis was 13%.
Compared with historical controls in the modern era,
among patients with MGMT unmethylated tumors, this

294 International Journal of Radiation Oncology ! Biology ! Physics

PET-guided dose escalation technique afforded improved
progression-free survival (8.7 vs 6.6 months; P = .017)
although not overall survival (16.0 vs 13.5 months; P = .13).
In contrast, among patients with MGMT methylated
tumors, this technique improved overall survival (35.5 vs
23.3 months; P = .049) but not progression-free survival
(10.7 vs 9.0 months; P = .26). Analysis of patterns of pro-
gression for this cohort is currently underway.

Commentary: This article highlights the idea that advanced
diagnostic imaging can be used to identify malignant cells
more accurately within brain that appears normal on con-
ventional MRI and better inform optimal radiation therapy
margins. As an example, while it is quite possible that a 2-
cm expansion is required in some patients to encompass
subclinical disease, this expansion may not need to be uni-
form. Additionally, it is quite conceivable that some patients
need much larger (or smaller) margins to encompass all
subclinical disease. Malignant glial cells are apt to follow
neural tracts within the brain, and some are more prone to
infiltration.10,17 This subtle point is often overlooked when
considering the standard isotropic European Organisation
for Research and Treatment of Cancer or RTOG/NRG
expansion approach, which is only delimited based on natu-
ral barriers to tumor spread (eg, falx, skull).

Novel metabolic and biologic imaging offers a clear
opportunity to individualize and potentially intensify ther-
apy for these patients. In a contemporaneous single-institu-
tion phase 2 trial in newly diagnosed glioblastoma,11 the use
of multiparametric MRI, combining high b-value diffusion-
weighted MRI and dynamic contrast-enhanced perfusion
MRI to target adversely prognostic and often nonenhancing
tumor regions to 75 Gy, demonstrated early evidence of
improved outcomes and an alteration in patterns of failure,
with 31% occurring central/in-field and 69% occurring out-
side of the boost region. Corollary 11C-methionine PET
imaging demonstrated varying concordance with the target
volumes defined using advanced MRI, suggesting that ade-
quate assessment of the phenotypic (and potentially molec-
ular) heterogeneity of glioblastoma may require a
combination of biologically informed imaging approaches
to optimally direct local therapy, which is the subject of a
developing cooperative group trial.

Mendoza MG, Azoulay M, Chang SD, et al. Patterns of
progression in patients with newly diagnosed
glioblastoma treated with 5-mmmargins in a phase 1/
2 trial of 5-fraction stereotactic radiosurgery with
concurrent and adjuvant temozolomide [e-pub ahead
of print]. Pract Radiat Oncol. doi:10.1016/j.
prro.2023.01.008, accessed August 3, 2023.14

Summary: As part of a follow-up to a recently reported
prospective phase 1/2 clinical trial from Stanford,15 Men-
doza et al14 reported on the pattern of progression of 27
patients with newly diagnosed glioblastoma treated with
escalating doses of postoperative 5 fraction stereotactic

radiosurgery from 25 to 40 Gy. The planning target volume
was defined as GTV with a 5-mm expansion. In this study,
marginal tumor progression was defined as tumor progres-
sion between 5 and 20 mm from the GTV (ie, outside of the
planning target volume on the study but would have been
included in more traditional glioblastoma planning vol-
umes). Of the 27 patients, 17 (63%) developed in-field pro-
gression, 3 (11%) marginal progression, and 7 (26%) distant
progression.

This report also includes information on radionecrosis
with this ablative technique. Specifically, 7 patients devel-
oped in-field radionecrosis (26%). However, these patients
were less likely to go on to develop in-field progression
(14% vs 80%; P = .003). Additionally, those with radionecro-
sis demonstrated numerically improved overall survival
compared with those without radionecrosis (median, 27.2 vs
11.7 months; P = .077).

Commentary: Although historic efforts at conventional
dose escalation have resulted in increased toxicity without
improvements in survival, the work of Mendoza et al con-
tributes another potentially viable strategy for CTV margin
reduction in glioblastoma, if it can be done safely. Specifi-
cally, smaller target volumes may open the door to more
convenient (hypofractionated) and more ablative (radiosur-
gery) techniques that could promote alternative modes of
cell kill and opportunity for synergy with novel systemic
therapies.

A critical caveat of this work includes the issue of con-
ventional diagnostic imaging accuracy after treatment of
glioblastoma. All clinicians are familiar with the challenge
of differentiating tumor progression from radiation treat-
ment effect, and efforts at biologic dose escalation and
radiosensitization could amplify and further confound any
radiographic endpoint. There are, however, several upcom-
ing advancements in this area as well,18 using novel PET
radiotracers to add in determination of radionecrosis versus
true tumor progression, and several promising agents are
currently being considered.

Conclusion

Several ongoing studies from early phase to late phase are
currently implementing advanced imaging biomarkers to
allow for “precision radiation therapy,” challenging the “one
size fits all” paradigm of radiation therapy for glioblastoma.
As these results emerge, we expect that such an approach
will identify patient and tumor populations for which radia-
tion therapy should be modified (smaller target volumes,
brachytherapy, high-linear energy transfer radiation ther-
apy, adaptive or even response-adaptive radiation therapy)
or controversially abandoned all together in favor of novel
drug therapies.

The treatment of glioblastoma in the modern era is com-
plex, and a key component of decision-making includes the
goals of patient care. Is the intent truly definitive or is it
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Analysis of tumor recurrences

In this regard, radionuclide imaging techniques, such as positron
emission tomography (PET) with amino acid tracers and advanced
physiology-based MRI techniques, such as MR spectroscopy, diffu-
sion MRI, and perfusion MRI have been increasingly used to

achieve additional metabolic and structural information with the
aim of improving CTV delineation [11,28–31].

The rate of distant recurrences around 15 % seen in our study is
consistent with those observed in other few series of patients with

Fig. 1. Examples of local, marginal, and distant failure in three patients with GBM who received postoperative standard chemoradiotherapy using a standard target
delineation. In-field recurrence of a right temporal GBM is shown in panels 1a-1d. Clinical target volume (CTV) was generated by a 2-cm (red line) expansion of the gross
tumor volume (GTV, pink). The planning target volume (PTV; blue) was generated by 3-mm geometric expansion of CTV. In-field tumor recurrence with more than 80 % of the
recurrence volume as covered by the 95 % isodose line (yellow line) is visible (white arrow, panels1c and 1d). A marginal recurrence of a left temporal GBM is shown in panel
2a-2 l. Target delineation including GTV (turquoise), CTV (red), and PTV (blue), together with 95 % isodose line (yellow) are visible in panels 2a-2d. A marginal failure with 20–
80 % of recurrent tumor inside of the 95 % isodose line is displayed in panels 2i-2 l (white arrows). A case of distant tumor recurrence is shown in panels 3a-3 l. A recurrence in
the frontal lobe (3 k,3l) outside the radiation field (3a-3d) occurred 18 months after postoperative radiotherapy (red arrows), with no evidence of in-field recurrence (3i,3j).
V50 Gy (green), V40 Gy (light green), and V30 Gy (turquoise) isodose lines are displayed in panels 3a and 3b.

CTV margin reduction in GBM
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There is a significant difference between standard-CTV and reduced-
CTV plans in CTV volume and radiation dose to normal brain 



target volumes. 
Upper panel: 
yellow = MTV51; 
fuchsia = MTV76. 
Lower panel: 
teal = GTV51_MR; 
purple = PTV51; 
blue = GTVMR_60; 
yellow = PTV60; 
red = PTV76.

18F-DOPA PET-Guided Dose-Escalated RT for GBM

Laack et al. IJROBP 2021

Initial Results of a Phase 2 Trial 



More accurate and precise target delineation guidelines for
glioblastoma would help to promote standardisation and uniformity
of treatments;

Reduced dose to normal brain and OARs (e.g. hippocampi) with
new target delineation strategies will help to reduce the incidence
of ARE and improve quality of life;

Future research priorities include the use of positron emission 
tomography (PET) with aminoacid tracers and advanced 
physiology-based MRI techniques, such as MR spectroscopy, 
diffusion MRI and perfusion MRI to integrate conventional MRI.
New approaches require validation in prospective trials before
being adopted into clinical practice.

Summary



Thank you for your attention 
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