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THE STANDARD OF CARE

Stupp R 2005

3D conformal RT (TD = 60 Gy, 2Gy / fx):

– CTV: GTV plus 2-3 cm margin

– Planning on CT images

No analysis of the pattern of recurrence



• 105 pts with GBM
• 3D-CRT & TMZ: 60 Gy fr 2 Gy/die
• Postoperative MRI scans were fused with the planning CT images
in each patient. 
• GTV : resection cavity and any residual tumor as seen on a c.e. T1 

postoperative MRI. 
• CTV1: GTV plus 2-cm margins. EORTC guidelines

– For CTV more than 250 cm3 the prescribed dose was 50 Gy in 25 
fractions to the CTV, and a boost to the GTV plus 1-cm margin (CTV2) 
of 10 Gy in 5 fractions. 

– The CTV margins were reduced to 0.5 cm around natural barriers to 
tumor growth (the skull, ventricles, falx, etc.), and also to allow sparing 
of the optic nerve/chiasm, if necessary. 

• PTV1 and PTV2 : CTVs plus 0.3 cm

Minniti et al, 2010

•105 Pts, planning on CT-MRI (EORTC Guidelines)

• Recurrence :

central in 79 pts 75%
in-field in 6 pts 5.7% 
marginal in 6 pts 5.7%
outside in 14 pts 13%

• Central/in-field recurrence: 64% of MGMT methylated pts
91% of MGMT unmethylated pts

80.7%





GBM- Dose escalation



ARCON IN GLIOBLASTOMA
(EORTC 22933), 

Miralbell, JCO, 1999

• Pts: 115 (23 ARCO, 28 ARN, 56 ARCON)

• Dose: 60 Gy Bid (1.5 x 2)

• Median survival: 10.1 months ARCO

9.7 months ARN

11.1 months ARCON

• Main toxicity: gastrointestinal (Nicotinamide)



Rationale

�Dose intensification

�Shorter treatment time

�Less cell repopulation

�Less influence of shoulder in cell
survival curves

�Better quality of life

Curran W, in The Gliomas, 1999
Glinski B, Journal of Neuro-Oncology, 1993

Sayin M. Y, Medical Oncology, 2007
Hulshof MCCM, Radiotherapy and Oncology, 2000



� 342 pts enrolled (2000 – 2009)

� Newly diagnosed GBM

� Age: ≥ 60 years

�Histological pattern: Glioblastoma multiforme (WHO IV)
�Age> 60 yrs
�342 pts

RT 60 Gy (2 Gy x 30)

RT 34 Gy (3.4 Gy x 10)

TMZ x 6 (200 mg/m2 d 1-5 q 28 d)

119 pts

100 pts

123 pts

A. Malmstrom, Lancet Oncology 2012

The NORDIC TRIAL



All pts Pts age 60-70 yrs Pts age > 70 yrs

RESULTS: Standard RT 60 Gy was in no case 
superior to RT 34 Gy or TMZ alone 

Both TMZ and hypofractionated RT 
should be considered as standard 
treatment options in elderly patients 
with GBM





� 25 pts; HGG (2 AA & 23 GBM), median age 60; IMRT

� PTV-1 = enhanced lesion with 5-mm margin

PTV-2 = area with 15-mm margin surrounding the PTV-1

PTV-3 = area of perifocal edema.

�IMRT in 8 fxs: dose for PTV-1 was escalated from 48 Gy to 68 Gy

while maintaining dose for PTV-2 (40 Gy) and PTV-3 (32 Gy).

� Outcome of IMRT was compared with 60 HGG treated by

conventional RT

Iuchi, et al; IJROBP,2006



IMRT – Dose escalation

Iuchi, et al; IJROBP,2006

The effect of dose-escalation 
on local control (a) and 
patients’ survival (b). 

BED<72 Gy= 60Gy 
With conventional fx



Stereotactic radiosurgery

Binello E, Surgical Neurology International, Review 2012



• 31 pts with GBM

• median prescribed EBRT dose was 59.7 Gy

(range, 45–70.2 Gy) with fractionation of 1.8 to

2.0 Gy/d.

• Planned GK-SRS boost (17.1 Gy) within 4 

weeks after EBRT

• Planning on MRI

• 33 pts in the group who underwent EBRT only

Nwokedi E.C, Neurosurgery 2002

OS 25 m

OS 13 m



How to improve RT dose delivery ?

IMRT - IGRT



R&O 2010

There is no case in which IMRT seems to be worse than 3DCRT,

From the dosimetric point of view, IMRT appears adequate for the treatment of GBM. 

In GBM patients with good prognosis, SIB IMRT allows to deliver hypofractionated 

regimens that, in association with CHT, suggests the possibility to achieve results that 

are even superior to those obtainable by the standard treatment.

3D-CRT and IMRT techniques provide similar results in terms of target coverage;

IMRT is better than 3D-CRT in reducing the maximum dose to the organs at risk, 

although to an extent that varies considerably from case to case;

IMRT is clearly better than 3D-CRT in terms of dose conformality and sparing of the 

healthy brain tissue at medium to low doses;



• A putative source of glioma stem cells is the subventricular
zone (SVZ), the largest area of neurogenesis in the adult
human brain. Multipotent neural progenitor cells (NPCs) 
line the lateral wall of the lateral ventricles (LVs).

• To analyse the relationship between RT dose to the 
SVZ and patient outcome (DFS and OS)

Chen L, Johns Hopkins University, IJROBP 2013



SVZ & RADIATION DOSE

• 116 GBM pts

• 41 GTR

• IMRT

10.3 months

15.1 months 17.5 months

15.6 months

• PFS & OS in patients whose ipsilateral
subventricular zone (SVZ) received > 40 
Gywere significantly different from that

in pts who received a dose of > 40 Gy





IMRT

p+ passive

p+ active

C ions

(Krengli et al, ASTRO, 2006)

PTV2

PTV1



Fx: b.i.d. (1.8 GyE x 2), 50 fxs, 5 wks

3 volumes: V1 (90 GyE), V2 (64.8 GyE), 

V3 (50.4 GyE)

Tumor progression: 16/23 (1 in 90 GyE vol.)

Toxicity: necrosis in all 23 pts

PROTONTHERAPY IN GBM
(Fitzek, MGH-HCL, 1999)

Tumor progression: 16/23 (1 in 90 GyE volume)

Open issue: Identification of target volume ?



Carbon ions and Angiogenesis

• Comparison of 290 MeV carbon ion beam and photons

• Carbon ions are able to inhibit angiogenic factors like matrix

metalloproteinese-2 even at subclinical doses (0.1 GyE)

Takahashi, Cancer Res, 2003

Effects of irradiation on the formation of capillary-like tube structures
assessed in a collagen-embedded culture.





Mizoe et al., IJROBP, 2007

Results

� Prolungation of OS with higher doses
� No grade 3-4 acute and late toxicity and

no evidence of dose – toxicity correlation



They projected the potential increase in outcome when
combined C12 and TMZ would have been applied. 

A generated hypothetical curve based on the above
mentioned outcome suggests there might be a benefit from
the addition of C12 in patients with high-grade gliomas.

GBM AA



Protocol for GBM @ CNAO (to be activated)

Total dose: 74 Gy[RBE], 2 Gy[RBE]/fx

Assessment: acute toxicity, local response, DFS, OS, late toxicity





NCCN Guidelines Version 2.2013

High Grade Gliomas (Grades III/IV)

• The gross tumor volume (GTV) is best defined using pre-

and postoperative MRI imaging using enhanced T1 
and FLAIR/T2. The GTV is expanded by 2-3 cm (CTV) 

to account for sub-diagnostic tumor infiltration. Fields are 

usually reduced for the last phase of the treatment 

(boost).

PRINCIPLES OF BRAIN TUMOR RADIATION THERAPY



Decreased anisotropy (q) = gross tumor margin
Increased isotropy (p) = infiltrating tumor margin

(Price, Eur Radiol 2007)



• 17 pts: 14 M, 3 F

• surgery+RT (60 Gy) + TMZ

• Timing of image acquisition:

� MR DWI and MR PWI pre 

RT (T0)

� MR DWI and MR PWI after 

RT (2 months) and during 

F/U (every 4 months)

� @ PD: MR DWI and MR 

PWI (T1) 

(Stecco et al, J Neurooncol, 2011)

Can imaging by PW and DW MR help 
in identification of radiation target ?

MR DWI @ T1

MR PWI @ T1



Retrospective study on marginal
recurrence with MET-PET

Retrospective study on marginal
recurrence with MET-PET

• 26 pts, GTV contoured with MRI, 5 had MET 
enhancement outside GTV;
• 5/5 marginal recurrences when the area MET+ was not
included in the GTV vs. 2/21 in the others.

Lee et al. IJROBP 2009



Einstein DB, IJROBP 2012

� 35 patients with surgical resection or biopsy

� RT treatment: SRS directed toward areas of MRS-determined high biological

activity within 2 cm of the postoperative enhancing surgical bed.
�The median survival was 15.8 months. 

� For the 16 /35 pts who received concurrent TMZ, the 
median survival was 20.8 months (historical controls of

14.6 months).

� The treatment is feasible, with acceptable toxicity and 

patient survivals higher than in historical controls.



To study the feasibility of incorporating functional fMRI information for
IMRT treatment planning of brain tumors.
Three glioma patients were retrospectively replanned for radiotherapy
(RT) with additional fMRI information.

Medical Dosimetry 2008

Conclusion:  

IMRT can reduce the RT dose to the primary
motor cortex (PMC) without compromising the 
PTV coverage or sparing of other critical organs. 
IMRT planning allows a significant reduction in 
RT dose to the PMC regions.





Does technique/dose/fractionation

matter in Clinical Practice ?

• Technique: IMRT may be better than CT 
at least in selected cases

• Imaging: need for MRI in planning (T1 and 
T2 flair)

• Dose/Fractionation: Hypofractionation
preserves QoL in pts with worse prognosis



• Technique: Highly sophisticated techniques, IMRT (SRT), 

protons, ions, have the potential to improve results.

• Treatment volume defined on biological and not only

morphological data showed a potential improvement of

results.

• Dose: Higher doses also with high-LET radiations showed

promising results and sould be explored further. 

• Fractionation: Different dose per fraction also by SIB and 

LET-painting are also very promising.

Identification of patients who my benefit from more 
aggressive treatments (age, PS, MGMT, IDH1-2, EGFR)

Does technique/dose/fractionation

matter in Clinical Trials ?


