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Programme 
 

TIME TITLE SPEAKER 
DAY 1 SUNDAY   4-OCT- 2015 
Introduction   
 8:45 Introduction Michael Brada 
 9:00 Modern imaging of CNS tumours Ranj Bhangoo 
10:00 What is new in brain tumour classification Paola Cassoni 
10:30 Coffee break / Expo   
11:00 Current surgical approaches  Ranj Bhangoo 
 Practical radiotherapy 
 
11:30 Radiotherapy –preparing the patient for treatment Michael Brada 
11:50 Radiotherapy – treatment techniques, wide field 

irradiation 
Cristina Mantovani 

12:10 Radiotherapy – treatment techniques, localised 
treatment 

Michael Brada 

12:30 Discussion Michael Brada 
13:00 Lunch / Expo   
14:00 Radiation tolerance of of the CNS Damien Weber 
14:30 Systemic therapy issues – current chemotherapy Patrick Roth 
15:00 Systemic therapy issues – novel therapies Anthony Chalmers 
15:30 Coffee break / Expo    
16:00 Debate/cases – proton therapy for CNS tumours Damien Weber  
17:00 Quality of life issues in neuro-oncology Riccardo Soffietti 

 

 



DAY 2 MONDAY   5-OCT- 2015 
Evidence based management of individual tumour types   
 8:30 Management of grade II astrocytic tumours Anthony Chalmers 
 9:00 Management of 1p;19q co-deleted tumours 

(oligodendrogliomas) 
Patrick Roth 

 9:30 Management of grade III & IV astrocytomas Anthony Chalmers 
10:00 Coffee break / Expo   
10:30 Management of ependymoma of the brain and spinal 

cord 
Damien Weber/Ranj 
Bhangoo 

11:00 Management of cranial germ cell tumours Umberto Ricardi 
11:30 Management of CNS lymphoma Patrick Roth 
12:00 debate/cases – management of high grade glioma in 

the elderly 
Anthony Chalmers 

13:00 Lunch / Expo   
Evidence based management of individual tumour types – childhood tumours 

14:00 Management of high grade glioma and brain stem 
tumours  

Darren Hargrave/ 
Umberto Ricardi 

14:30 Management of medulloblastoma Darren Hargrave/ 
Umberto Ricardi 

15:00 Management of low grade gliomas Darren Hargrave/ 
Umberto Ricardi 

15:30 Coffee break / Expo    
16:00 Radiotherapy outlining / planning exercise Cristina 

Mantovani/Michael 
Brada/Umberto 
Ricardi 

 

 



DAY 3 TUESDAY   6-OCT- 2015 
 Clinical trials and evidence based management 

 8:45 Clinical trials in neuro-oncology Anthony Chalmers/Darren 
Hargrave 

 9:45 Management of skull base tumours Damien Weber 
10:30 Coffee break / Expo   
11:00 Management of other benign intracranial 

tumours 
Michael Brada 

11:45 Management of brain metastases Michael Brada 
12:30 Debate Michael Brada 
13:00 Lunch / Expo   
14:00 Medical therapy and care of brain tumour 

patients 
Patrick Roth 

 14:30  Debate – cranial reirradiation & 
Systemic therapy for brain metastases 

Anthony Chalmers  
Michael Brada 

15:30 Coffee break / Expo   
16:00 Radiotherapy outlining / planning 

exercise/case discussion 
Cristina Mantovani/Michael 
Brada/Umberto Ricardi 
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Modern Imaging  
of Brain Tumours 

Ranj Bhangoo, Christian Brogna, Francesco Vergani 
Department of Neurosurgery 

King’s College Hospital - London 



• CT and routine MRI protocol 

• Anatomic Imaging 

• Metabolic Imaging 

• Physiological Imaging 

• Functional Imaging 

• Pros and Cons Imaging followup 



• CT: acute symptomatology, first line 
assessment 

•to exclude: -  intracranial hemorrhage 

         -  brain herniation 

         -  acute hydrocephalus 

 

 
Urgent Neurosurgical Treatment 

CT  



MRI ROUTINE PROTOCOL FOR BRAIN TUMOURS 

• MRI: routine protocol 
 

•T1-weighted sequence before IV contrast medium 

•Axial T2 weighted 

•Axial T2 weighted FLAIR sequence (for lesions within 
the cortex or paraventricular - useful in low grade 
gliomas) 

•Axial Diffusion Weighted 

•Axial T2*-weighted sequence (sensitive to blood and 
calcifications) 

•Contrast enhanced T1 weighted sequences 

 



MRI: ANATOMIC IMAGING 

•Intraxial or extra-axial 
•Anatomical location  

Oligodendroglioma Lymphoma Meningiomas Multiple Mets 



MRI: ANATOMIC IMAGING 

•Pattern of enhancement 

 
 
 

 
  

Pitfall:  
Non enhancing 

astrocytoma grade 
III IDH1 negative, 

1p 19q non 
codeleted 

GBM LYMPHOMA HEMANGIOBLASTOMA 



MRI: ANATOMIC IMAGING  
TUMOR MARGINS 

Pitfall: the non enhancing signal alteration  
around a high grade brain tumor does not differentiate  

between brain edema and infiltrating tumor 



MRI: ANATOMIC IMAGING 
TUMOR MIMICS 

• Bacterial/fungal abscess 
• Herpex simplex encephalitis 
• Subacute infarction 
• Tumefactive demyelination 
• Sarcoidosis 
• Radiation Necrosis 



ANATOMIC IMAGING 
EARLY POSTOP MRI 

Enhancing granulation tissue begins to develop  
3 days after surgery, persist for weeks  

to month, and mimics tutor 
 

Post op imaging  should be performed  
within 48h of surgery, the sooner the 

better 

Pitfall: when comparing studies, the size and shape of a tumor can appear  
substantially different due to differences in the angle of imaging, slic  
thickness and gaps between slices 



MRI: ANATOMIC IMAGING AND  
PSEUDO-PROGRESSION 

PSEUDO-PROGRESSION is a self-limited type of treatment-related 
tissue injury that is common in the first 3-6 months after TMZ and 
radiation therapy, and mimics tumor progression, but then stabilises and 
decreases (Brandsma D et al. Lancet oncol 2008) 

Differ from classic radiation necrosis, which can also mimics tumour progre  
but is typically more severe and delayed in onset. 

Before RT+TMZ Before adjuvant TMZ After 2 cycles adj TMZ 



MRI: ANATOMIC IMAGING AND  
PSEUDO-RESPONSE 

PSEUDO-RESPONSE: Angiogenetic inhibitors can cause a decrease in 
contrast enhancement due to reduction in blood-brain barrier permeability 
rather then true reduction in volume (Clarke JL et al. Curr Neurol Neurosci Rep 
2009) 

A 47-year-old man with GBM. A reduction of the enhancing portion of the lesion is observed 1 day after initiation of cediranib 
treatment. Four weeks later, besides a continuing reduction in the enhancing portion, an expansion is observed in the FLAIR 
images. Expansions in both the enhancing area and abnormal hyperintense areas consistent with tumor progression were 
observed subsequently (L.C. Hygino da Cruz Jr et al. AJNR 2011) 



 METABOLIC IMAGING 

 
 

PET  provides metabolic in vivo measurement  
of local tracer activity at a very high sensitivity 

(Best if coupled with MRI scan) 

• [(18)F]-FDG-PET 
• [11C]Methionine (MET) 
• [(18)F]-FLT-PET fluorothymidine 



 METABOLIC IMAGING 

 [(18)F]-FDG-PET 

 
 

Pitfalls of [(18)F]-FDG-PET 
 
•  LGG uptake is similar to normal white matter 
•  HGG uptake is similar to normal gray matter 
 
•  Cannot differentiate tumour vs inflammation vs acute stroke 
•  Radiation necrosis may be indistinguishable from recurrent tumour   

(Due to accumulation of  [(18)F]-FDG in macrophages that may infiltrate the sites having received radiation therapy) 

 
 
 
 
 

High pretreatment glucose metabolic rate is higher in responders to TMZ  
than non responders in patients with high grade glioma (Brock CS. Br J  Cancer 2000) 



 METABOLIC IMAGING 
PET [11C]Methionine (MET) 

 
 

 
• Marker for ACTIVE TUMOR PROLIFERATION AND ANGIOGENESIS (Correlates with Ki-67 

expression, proliferating cell nuclear antigen expression and micro vessel density) 
 
• TRUE TUMOR EXTENSION? [11C] MET uptake ratios compared with the background is 

favourable. 
 
 
 
 
 
 
 
 
 

GBM MARGINS IN PET-MET WELL BEYOND THE ENHANCING COMPONENT 



 METABOLIC IMAGING 
PET [11C]Methionine (MET) 

 
 

 
• The highest uptake is observed in anaplastic oligodendrogliomas WHO grade III 
 
• LGG are better detected by aminoacid tracers due to increased uptake in the absence of blood-

brain barrier damage 
 

• LGG: useful for differentiation from nonntumorous lesions, detection of recurrences, indication of 
progressing disease 

 
 
• Can differentiate better between Recurrent tumour and Radiation Necrosis with high 

sensitivity and specificity (~75%): necrosis and glioses after therapy show a 
reduction of ammoniated uptake in contrast to recurrent and residual tumour growth. 
 

• Deactivation of aminoacid transport is a early sign of response to chemotherapy 
(Galldicks N et al Mol Imaging 2010). PET responders with a decrease of tumour 
brain/ratio of >10% had a significant longer TTP and OS than patient with increase  
tracer uptake after RT and CHT in GBM. 

 
 
 
 
 



 METABOLIC IMAGING 
PET [11C]Methionine (MET) 

 
 

PITFALLS OF PET-MET 
 

• some low grade astrocytomas demonstrates only low tracer uptake 
 

• acute inflammation or ischemic stroke might present with increased aminoacid 
uptake 

 
• NOT POSSIBLE TO PREDICT HISTOLOGICAL GRADE which is paramount in 

treatment decision making 

 
 
 
 
 



 METABOLIC IMAGING 
IMAGING TUMOR PROLIFERATION 

[(18)F]-FLT-PET fluorothymidine 

 
 

• Uptake of FLT correlates with 
Thymidine kinase-1 activity 
expressed during DNA synthesis 

• High correlation with Ki-67 
expression (Yamamoto J Nucl Med 
2012) 

• Might be superior to MET for 
tumour grading 

• The kinetics of FLT uptake are 
closely related to prognosis, 
early efficacy of treatment and 
to outcome (Wardak Clin Cancer 
Research 2011) 

 
• PITFALLS:  

• less sensitivity than MET for 
low grade gliomas 

• CANNOT PREDICT GRADE 
 
 

 

 

Oligodendroglioma Grade II 

Astrocytoma Grade II 

Anaplastic  
Oligodendroglioma Grade II  

GBM Grade IV 



PHYSIOLOGICAL IMAGING 

 
 

•  DWI-MRI 
 

•  Dynamic Contrast-enhanced Perfusion MRI 
 
•  Spectroscopy  



PHYSIOLOGICAL IMAGING 
DWI MRI 

 
 

•  Differential diagnosis of cerebral abscess, 
epidermoid cyst, traumatic shearing injury, 
toxic and infectious encephalitis, immediate 
post brain injury 

 
•  Postoperative ischemia 
 

• Accurate interpretation of new abnormal 
contrast enhancement developing soon after 
tumor resection 

 
 
PITFALL: Para or ferromagnetic materials such 
as blood products or calcium within the brain 
can simulate pathology on DWI as well as 
perfusion MRI 

Brain abscess 

Epidermoid 



 PHYSIOLOGICAL IMAGING 
DWI- MRI 

 
 

 
 
 DWI 24h postop DWI 6 wk postop 



 PHYSIOLOGICAL IMAGING 
DWI- MRI 

 
 

 
 
 

M. Berger et al. Neurosurgery 2000 



 PHYSIOLOGICAL IMAGING 
PERFUSION MRI 

 
 

• Provides hemodynamic information and estimates the cerebral blood volume that 
reflect the underlying microvasculature 

• Exploit signal changes that accompany the passage of a paramagnetic contrast 
agent thorugh the cerebrovascular system 

•   Useful if patients receive antiangiogenetic cancer therapies to monitor its 
efficacy 

•   Maps of cerebral blood volume can serve as an additional targets for brain 
tumour biopsies 

•   May help in differentiating radiation necrosis and recurrent tumour 
•   May help differentiating tumor infiltrated edema (high grade gliomas) and 
vasogenic edema (in case of metastases) 

 
PITFALL: 
NO CORRELATION  
WITH TUMOR GRADING 

Di Stefano et al. 2014 



 PHYSIOLOGICAL IMAGING 
 MRI SPECTROSCOPY 

 
 

 
 
 

 

 

• NAA: marker of neural integrity 
• Choline: membrane turnover 
• Creatine: energetic 
• Myoinositol: astrocytic marker 
• Lipid: tissue destruction/necrosis marker 
• Lactate: hypoxia marker 
• Glutamine and Glutamate: excitatory markers 

High choline correlate with high tumor 
proliferative index 

Pitfalls: - min 1 cm3 voxel size 
              - not suitable for posterior fossa lesions and lesions  
              - common aspecific spectral findings 

   
 
  



 PHYSIOLOGICAL IMAGING 
FUNCTIONAL IMAGING - fMRI 

 
 

• Pitfalls: 
• Does not monitor the neural response but a “surrogate” hemodynamic 
response 

• Cannot distinguish essential hubs -> need for intraoperative monitoring 
• Low localisation accuracy 
• Neurovascular uncoupling (tumor infiltration zone, neovascularity) 
with reduced fMRI signal in perilesional cortex 

• More accurate for motor mapping than for speech 
• Not giving any functional information about subcortical white matter 
pathways 
 

 
 

 

Finger Tapping Semantic speech 



Trans-Cranial Magnetic Stimulation 



Trans-Cranial Magnetic Stimulation 



WHITE MATTER TRACTS 



WHITE MATTER TRACTS - fMRI+DTI 







MODERN IMAGING OF BRAIN TUMOURS 
TAKE HOME MESSAGE 

• Modern imaging offers a series of extraordinary 
complementary tools in diagnosis, treatment and follow up 
of brain tumours 
 

• Unfortunately most of them still need to be validated 
 
• Functional imaging and DTI in a clinical setting do not 

substitute cortical and subcortical intraoperative mapping 
 
• Despite advancement in multimodality imaging, definitive 

diagnosis of brain tumours still requires histopathology 
and molecular analysis in the vast majority of cases. 



MODERN IMAGING OF BRAIN TUMOURS 
 

Thank You! 



What is new in brain tumor classification 

Paola Cassoni 
 
Dept of Medical Sciences 
University of Turin  



2000 2007 



Brain tumor diagnosis:  
a challenge step by step 

• Histology  and beyond 
• The molecular background 
• Handling Histo-molecular criteria 
• Constructing an integrated diagnostic 

report 



Histological Parameters 
for Grading 

Nuclear  
atypia 

Mitoses 
 

Vascular 
 prolif 

Necrosis 

Grade II Grade III 
 

Grade IV 
 

Grade IV 
 

Increased cellularity AND: 

H
is

to
lo

gy
  a

nd
 b

ey
on

d 

LG HG 



Criteria to look at for grading  

Still 
TRUE 



Histological Parameters 
for Histotyping 

• Eight new entities (including 
2  glio-neuronal tumors) 
 

• Many new variants (i.e. 
anaplastic  medulloblastoma) 
and  patterns (i.e. small cell 
GBM, GBMO) 



1930s-1980s 

Astrocytoma 
Oligodendroglioma 

1990-1995 

Astrocytoma 
DNET Oligodendroglioma 

Neurocytic Neoplasms 

1995-2000 

Astrocytoma 

DNET 
Oligodendroglioma 

?2005 

DNET 
Oligodendroglioma 

Neurocytic Neoplasms Neurocytic Neoplasms 

Burger PC: What is an oligodendroglioma? Brain Pathol; April 2002 



Still 
TRUE 
????? 

astrocytic oligodendroglial 



A grade IV glioma is histologically 
diagnosed in presence of: 

a. Mitoses 
b. Necrosis 
c. Vascular 

proliferation 
d.  b and c 

a. b. c. d.

25% 25%25%25%



Brain tumor diagnosis:  
a challenge step by step 

• Histology  and beyond 
• The molecular background 
• Handling Histo-molecular criteria 
• Constructing an integrated diagnostic 

report 
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Chromosomal and genetic aberrations involved in the genesis of glioblastoma 

Furnari F. B. et.al. Genes Dev. 2007;21:2683-2710 

©2007 by Cold Spring Harbor Laboratory Press 
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http://et.al/


PN Mes Prol 

76 AIII+GBM 

173 GMB 

III and IV astrocytic grades have 
specific, prognostic molecular 
signatures 

Th
e 

m
ol

ec
ul

ar
 b

ac
kg

ro
un

d 



Classical Proneural Mesenchymal Neural 
Cr 7 Ampl 
Cr 10 loss 

p16 deletion 

IDH1 mut 
p53 mut 

PDGFRA mut 

NF1 del 
YKL-40 expr 

Met expr 

Neuron 
markers 

expression 

grade III/IV Grade IV 

No necrosis Necrosis 
Inflammation 

Younger (<40y) older 

better OS poor OS 

Verhaak R. et al 2010 and Phillips et al. 2006 

 same histology and grade BUT 
different prognosis 

Secondary GBM 
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2009 
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e 
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Grade II 

Grade III 
 

Grade IV 
 

Low Grade 

High Grades 

G 
Lower Grades 

Grade II       Grade III 

vs 

vs 
Grade IV 

Before 

After 
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1p/19q losses 
IDH1 mut 

EGFR A EGFR A 

IDH1 mut 

276 gliomas 
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Neuropathology report should: 
a. Low grades versus   

grade III and IV 
b. Lower grades together 

with grade III, versus 
grade IV 

c. Potentially aggressive 
as grade III if specific 
molecular 
characteristics are 
present 

d. b and c 
e. a and c 

a. b. c. d. e.

20% 20% 20%20%20%



Brain tumor diagnosis:  
a challenge step by step 

• Histology  and beyond 
• The molecular background 
• Handling Histo-molecular criteria 
• Constructing an integrated diagnostic 

report 



Handling Histo-molecular criteria 



Lower-grade gliomas with an IDH 
mutation and 1p/19q codeletion were of 
the oligodendroglioma histologic class 
and were associated with favorable 
outcomes. 

Tumors with wild-type IDH were 
molecularly and clinically distinct from 
subtypes with mutated IDH, with most 
showing a striking resemblance to primary 
glioblastoma on all analytic platforms 

It may transpire that distinct therapeutic 
strategies are required for effective disease 
control in molecular subtypes of lower-grade 
glioma. 
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Brain tumor diagnosis:  
a challenge step by step 

• Histology  and beyond 
• The molecular background 
• Handling Histo-molecular criteria 
• Constructing an integrated diagnostic 

report 



Brain Pathology 24 (2014) 429–435 
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Neuropathology report should: 
a. Include molecular 

characterization, only in 
GBM 

b. Include molecular 
characterization, 
especially for lower 
grade gliomas 

c. Avoid the use of mixed 
histological oligo-
astrocytic categories 

d. a and b 
e. b and c 

a. b. c. d. e.

0% 0% 0%0%0%



Current Surgical 
Approaches for Brain 

Tumours 

Ranj Bhangoo, Francesco Vergani, Christian Brogna 
Neurosurgery Department 

King’s College Hospital - London 



 

• Introduction 

• Intra-operative mapping 

• Fluorescence-guided tumour resection 

• Intra-operative imaging 

• Illustrative cases 

• Future directions 

 



 Emerging intraoperative technologies and 
state-of-the-art microsurgical techniques, 
can facilitate extent of resection while 
minimizing the associated morbidity profile. 

 

 What is the current role of surgery in the 
management of brain tumours? 

Introduction 



Volumetric extent of resection studies 
in High-Grade Glioma 

High grade gliomas 



Volumetric extent of resection studies 
in Low-Grade Glioma 

Low grade gliomas 



Jakola et al. JAMA, 
2012 

Low grade gliomas 



Patient age (P≤ 0.001), subtotal (P = 0.007) and total (P≤ 0.001) resections were independent 
predictors of total epileptic seizure control after oncological treatment. Patients 

diagnosed with epileptic seizures andthose with complete and early surgical resections have 
better oncological outcomes. 

Early and maximal surgical resection is thus required for diffuse low-grade 
gliomas, both for oncological and epileptological purposes. 

Pallud et al. Brain, 
2014 

Low grade gliomas 



3 trials comparing WBRT alone vs Surgery + WBRT (for 
single brain metastasis) 

 
2 positive (Patchell and Vecht); 1 negative (Mintz) 

Brain metastases 



Cochrane review 

Hart MG, et al. 2014 (revised edition)  

Brain metastases 



Difficult to draw conclusions from 
small trials 

OS no different in pooled analysis – 
possible improvement in FIS and 
reduction of neurological deaths 

Pts likely to benefit: young age, good 
neurological function and controlled 
primary disease 

Decision should be made in MDT 

Brain metastases 



INTRA-OPERATIVE 
MAPPING 

Wilder Penfield, 1958 



Cortical and subcortical mapping strategies 

• Stimulation done either awake or asleep 

• Always done awake for Speech 

• Stimulation either  

• Inhibitory – speech 

• Stimulatory – Motor Movement 

• Continuous EcoG and SSEPS , MEPS running in background if patient 
asleep 

• Continuous Movement and Speech if patient awake 

• Can stimulate both Cortex and Sub- Cortical White Matter Tracts 

CC 



Motor mapping 

Monopolar stimulation 

Monophasic pulse 50 Hz 

Intensity: 1mA- 

Continous EMG recording 

Continuous EcoG and SSEPs . MEPs 
running in background if patient 
asleep 

Subcortical stimulation to 5 mA 



EEG Electrodes 



Cortical Strips – Ecog and Tonic 
Stimulation 



Cortical Strip over Upper Limb Representation  



EMG Outputs - Subcortical 



EMG Output - Subcortical 



Cortical and subcortical motor mapping 

• Stimulation mapping of cortical and subcortical 
motor pathways enables the surgeon to identify 
descending motor pathways during tumour removal. 

• New immediate postoperative motor deficits 
documented in 59.3% of patients in whom a 
subcortical motor tract was identified intra- 
operatively and in 10.9% of those in whom sub- 
cortical tracts were not observed. 

• Permanent deficits observed in 6.5 and 3.5%, 
respectively  

 Carrabba G, Fava E, Giussani C, et al. Cortical and subcortical motor 
 mapping in rolandic and perirolandic glioma surgery: impact on postoperative           
morbidity and extent of resection. J Neurosurg Sci 2007; 51:45 – 51 



Language mapping 

• Bipolar stimulation  

• Cortical mapping started at low stimulus (1 mA)  

• Constant-current generator delivers biphasic square wave 
pulses in 4-s trains at 60 Hz across 1 -mm bipolar 
electrodes separated by 5 mm 

• Stimulation sites marked with sterile numbered tickets 

• Throughout motor and language mapping, continuous ECoG used 
to monitor after discharge potentials 



Counting task - “speech arrest” 

Denomination task : 

•anomias 

•semantic paraphasias 

•phonological paraphasias 

Spontaneous speech 

Reading 

 

Language mapping 



250 pts 
1.6% of patient with language deficits at 6 

months 

Negative sites for 
language of the dominant 

hemisphere 



Intraoperative stimulation mapping – cinical 
relevance  

Meta-analysis including 8091 patients 

De Witt Hamer PC, Gil Robles S, Zwinderman AH, et al.  
Impact of & intraoperative stimulation brain mapping on 

glioma surgery outcome: a meta-analysis.  
J Clin Oncol 2012; 10:2559 – 2565. 

“Glioma resections using ISM are associated with fewer late severe 
neurologic deficits and more extensive resection, and they involve 
eloquent locations more frequently. This indicates that ISM should 

be universally implemented as standard of care for glioma surgery”. 

Late Severe Neurological Deficits 
observed in 3.4% of ISM vs 8.2% 



Beyond motor and language 

Fernandez-Coello et al. J Neurosurg, 2013 



Fluorescence-guided 
resection 



 5-ALA 

Porphyrin that 
cannot be 
metabolised in 
Tumour Cells 

 

Fluoresces when 
exposed to 400nm 
Light 

 

Given Orally 2-4 
hour before Surgery 



 Intraoperative use of 5-ALA 

Residual 
tumour 

Tumour 
sampling 

Tumour 
Identification 

HGG 



 Fluorescence-guided surgery 



Ependymoma 

Lymphoma 

Malignant 
Meningioma 

Fluorescent tumours… 



322 pts 
Complete resection in 65% vs 36% 

(p<0.0001) 



Level 2 evidence that 5-ALA-guided surgery is more effective 
than conventional neuronavigation-guided surgery in 

increasing diagnostic accuracy, extent of resection and PFS 

10 studies included for Systematic 
review 

5 studies included for met analysis 



Intraoperative confocal microscopy can visualize cellular 5-ALA–induced tumor 
fluorescence within LGGs and at the brain-tumor interface. 

10 LGG pts 
Evaluation of tumour 
surface,  
Midpoint tumour resection 
and 
Brain-tumour interface 

Ongoing BALANCE trial 



Intra-operative 
imaging 



Intra-operative 
neuronavigation 

Neuro-
Navigation 

Tailored craniotomy 

Help to access deep-seated lesions 

Help in maximize the extent of 
resection (?) 



Intra-operative MRI 

MRI 



Prospective randomized 
study 

58 pts with enhancing 
glioma 

Greater extent of resection (96% vs 68%, 
p=0.023) 

No difference in neurological outcome 



Pre-operative planning in ACS view 

Ultrasound 



First and second US acquisition 

Note brain 
shift! 

Ultrasound 



Towards end of resection 

Ultrasound 



Towards end of resection 

Ultrasound 



Illustrative 
cases 



55, male 
 
presented in October 
2014 with generalised 
tonic clonic seizure.  
 
CT and MRI showed left 
SMA tumour,  suggestive 
of low grade glioma 

Illustrative case 
I 



face 

4: hand 
 
3: hand and forearm 
 
2: hand 

hand 

Spontaneous speech and object 
naming continuously assessed 

Case I – intraop 
monitoring 



Pt developed transient SMA 
syndrome 
 
Akinesia recovered within 1 
week 
 
Language recovered within 3 
weeks 
 
Physiotherapist involved at an 
early stage in the postop 
recovery 
 
Pt transferred to rehab unit 
 
90% resection on postop MRI 

Case I – postop course 



66, male 

Numbness and mild right weakness, 
improved with steroids 

Preop assessment: 4/5 right power 

CT and MRI: SOL in left post-
central gyrus; suggestive of 
high grade glioma 

Illustrative case 
II 



 Hand and forearm response 

Postcentral gyrus expanded by tumour. The 
corticotomy is performed at this level 

Central sulcus. SSEP run between 3 and 4 
demonstrated “phase reversal” 

case II – cortical 
mapping 



Subcortical stimulation under normal light (left) and with GLIOLAN 
(right). A positive motor response, corresponding to stimulation of the 
cortico-spinal tract, was elicited at this level. This represented the 

most anterior margin of resection  

case II – subcortical 
mapping 



Transient worsening of prep 
weakness 

Physiotherapy treatment from 
day 1 postop 

Discharged to rehab unit, 
full recovery in 3 weeks 

95% resection on postop MRI 

 

case II – postop course 



43 yrs female 

Previous debulking of WHO 
grade II olygoastrocytoma 
in 2011 

Slow progression/recurrence 
over the years 

Complex temporal seizures 
well controlled with 
levetiracetam 

Illustrative case 
III 



  

Tumour boundaries 

Vein of Labbe’ 

3,4 &5: anomias and 
phonological paraphasias 

1&2: speech arrest 

 

Case III – cortical 
mapping 



Resection cavity 
 
 
Labbe’ vein 
 
 
6: site inducing 
positive visual 
phenomena 

Case III – subcortical 
mapping 



Case III – postop course 

No language 
deficits 

80% tumour 
resection 

Pt awaiting 
discharge 



30 year old male – Left Hemiparesis  



Immediate Post –Op Scan 



3 Years Later 



Future 
directions 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJ7n4b65osgCFYIEGgodA-YKNw&url=http://silver-rockets.com/2007/01/science-fiction-movie-poster-2001-a-space-odyssey/&psig=AFQjCNE4DOE_4cVK-tHct2nUSCFSSG4Vow&ust=1443829080668740


Dendritic-cell immunotherapy (DC-
VAX) 

Schematic illustration of the biology underlying DC-based 
vaccination against GBM. Key: Ags, Antigens; DCs, dendritic 
cells; GBM, glioblastoma multiforme; MCs, monocytes. 



DC-Vax Production 



Median overall survival ranged between 16.0 and 38.4 months for ND-GBM and 
between 9.6 and 35.9 months for Rec-GBM. 

 Vaccine-related side effects were in general mild (grade I and II), with 
serious adverse events (grade III, IV and V) reported only rarely.  

DC immunotherapy appears to have the potential to increase the overall 
survival in patients with HGG, with an acceptable side effect profile. The 
findings will require confirmation by the ongoing and future phase III 
trials. 

59 

DC-Vax 



Use the Genomics 



Genetics 



Gliomas were classified into five 
principal groups on the basis of 
three tumor markers.The groups had 
different ages at onset, survival, 
and associations with germline 
variants, which implies that they are 
characterized by distinct mechanisms 
of pathogenesis. 

Eckel-Passow et al. NEJM, 2015 

Genetics 



Genetics 



Planning ahead - Radiosurgery / Reconstructive Surgery 
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Planning ahead - Radiosurgery / Reconstructive Surgery 



Planning ahead - Radiosurgery / Reconstructive Surgery 



Take-home Message 

Neurosurgical intervention remains the first step in effective 
glioma management.  

With intraoperative mapping techniques, aggressive 
microsurgical resection can be safely pursued even when 
tumours occupy essential functional pathways.  

With the development of tumour-specific fluorophores, such 
as 5- aminolevulinic acid, real-time microscopic visualization 
of tumour infiltration can be surgically targeted prior to 
adjuvant therapy. 
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which OARs need delineating? 
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• technique of delivery 

3DCRT planar/non-coplanar 
IMRT static/dynamic (VMAT) 

• collimator leaf width 
3 , 5, 10 mm 
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 Principles of plan evaluation 

What is important in evaluating plans for these tumours? 

target 
 GTV coverage (mean/min dose) 
 CTV coverage 
 PTV coverage 
 dose homogeneity 
OARs 
 max dose & volume 
 mean dose & volume 



cochlea 

brain stem 

hypothalamus 

hippocampus 

What is important in evaluating plans for this tumour? 

 Principles of plan evaluation 

target 
 GTV coverage (mean/min dose) 
 CTV coverage 
 PTV coverage 
 dose homogeneity 
OARs 
 max dose & volume 
 mean dose & volume 
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“Irradiation of the entire CSF compartment 

from the top the skull to the end of the 

thecal sac in primary CNS tumours that 

have a propensity to spread via the CSF 

pathway” 

Cranio-spinal irradiation (CSI)  



Radiotherapy technique 

• Cranio-spinal irradiation  
 

 Clinical target volume = whole brain + 
spinal cord with overlying meninges 

 

 



A complex technique…. 

Carrie M-SFOP 98 1998-2001 
14/48 patients found on pre-RT review to have major targeting 

errors 
9 for eye blocks 
5 for spinal field width  

 (Carrie, Int J Rad Onc Biol Phys 2005) 

Packer A9961 1996-2000 
421 eligible patients 
21% with RT deviations  
 (Packer, JCO 2006) 

QARC ACNS0331 April 2004-August 2005 
Modifications requested in 40% of the first 53 cases 



That has to be done properly…. 

o Targeting deviations correlate with outcome          

 (Hardy 1978, Jereb 1982… Carrie 1992, Miralbell 1997, Taylor 2004, 
 Oyharcabal-Bourden 2005) 

 

 

o Dose reductions to 23.4 and 18 Gy make optimal coverage even more 
critical 



A standard CSI technique 

Patient prone in a head rest with 
neck extended 

Junction of non-coplanar fields 
over the cervical spine 

Extended SSD or second posterior 
field to cover whole length of 
spine/second junction over the 
spinal cord 

 

Van Dyk, 
IJROBP 1977 



CSI in 2015: new/improved tools  

o Better imaging for target volume definition 

 
• CT simulation 
• MRI and CT-MRI co-registration 

 
 

o CT-based treatment planning 

o Improved delivery techniques 

 



CSI  

  

 Target volume definition   
 



Target volume definition 

Target definition: is necessary to outline the cranio-spinal axis  whole 
brain, spinal cord and thecal sac 
 
  
 
The whole brain should include the entire frontal lobe and cribriform 
plate region 



Target volume definition 
Frontal region/cribriform plate  

CTV for whole brain field: 
 
« …shall extend anteriorly to include the entire frontal region and cribriform plate 
region. The volume shall cover the superior orbital tissue (but not the posterior 
globe as in leukemia protocols)» 

Problem area:  
frontal region/cribriform plate 



Coverage of the target volume: cribriform plate 

•Lateral radiographs are not 
adequate for target volume 
delineation 

•5 radiologists and 5 radiation 
oncologists:  

o Correct within 2mm in only 
39% of cases 

o Mislocations  
 2-5mm in 34%  
 5-10mm in 20% 
 >10mm in 7% 

Gripp IJROBP 2004 



Coverage of the target volume: cribriform plate 

CT is essential for target volume definition 

In most children, it is impossible to shield the eyes and cover the 
target volume 



Especially  in very young children…. 

JL, 
female 
age 34 
months 



Coverage of the target volume: cribriform plate 
- To include the cribriform fossa 

in the CTV and allowing an 
additional appropriate margin 
to the PTV, the PTV frequently 
includes the lenses. 

- We consider it necessary to 
frequently deliver a higher dose 
to the lens (accepting an 
increased probability of later 
cataract development) than not 
adequately cover the cribriform 
plate. 

- SFOP group suggested that the 
edge of the shielding block/ 
MLCs is at least 5 mm below 
the cribriform fossa as this 
field edge definition is not 
associated with an increase risk 
of frontal recurrence 



A new problem: the optic nerves 

Subarachnoid space ends  at the lamina cribrosa  

Dose to optic nerve PTV (V95%): 
 
 
-3DCRT 99% (95%-100%) 
 
-Tomotherapy 81% (49.9%-96%) 

Optic nerves need to be contoured 



Another new problem… extension of subarachnoid 
space around cranial nerves 

Use T2-weighted MRI for contouring 

Difficult or impossible to spare cochlea 

Post op 
MRI 



The lower cranial nerves too… 



Coverage of the target volume: the spine 

ACNS0331: 
«…laterally on both sides to cover the recesses 
of the entire vertebral bodies, with at least 1 cm 
margin on either side 
 
 
 
 
Lower limit: 2 cm below the termination of the 
subdural space….. At least to the inferior 
border of the 2° sacral segment (S2-S3 
interspace) 



Coverage of the target volume: the spine 

Now spine is contoured slice by slice  



Coverage of the spine: lateral borders 

oDural root sleeves extend to 
envelop the spinal ganglia 

 
oLateral aspect of the spinal 
ganglia have been related to 
the pedicles as seen on 
conventional radiographs/ 
simulation films 

 
oLateral limit well seen on 
axial T2- weighted images 
 



Why is this important? 

•Use of optimal imaging/CT simulation/ 3D 
planning/field  shaping allows ↓ width  of 
the spine field 

o Reduces dose to the heart and 
lungs, other OARs 

o Reduces integral dose 
 



Coverage of the spine: caudal extent of thecal sac 

 Dural sac “generally” ends at 
S1/2 

 But: 
 ~50% by bottom S1 
 >90% by bottom S2 
 <10% above L5/S1 



Why is this important? 

•Accurate determination of the caudal 
limit of the thecal sac 

o Reduces risk of geographic 
miss/ recurrence 

o Minimizes dose to OARs, 
especially the ovaries   



Coverage of the spine: caudal extent of thecal sac 

oMRI is essential for 
accurate determination of 
the caudal extent of the 
thecal sac 

Mid-sagittal T2-
weighted MRI 



Contouring the distal thecal sac  



Bottom line… 

• Contouring for CSI is time consuming but 
absolutely critical 

o Optimal definition of target volumes  
o Maximum sparing of normal tissues 

 
• Context of new techniques, lower doses 



Radiotherapy technique: CSI 

CSI: technical issues 



A standard CSI technique 

Patient prone in a head rest with 
neck extended 

Junction of non-coplanar fields 
over the cervical spine 

Extended SSD or second posterior 
field to cover whole length of 
spine/second junction over the 
spinal cord 

 

Van Dyk, 
IJROBP 1977 



Conventional technique 

o Reproducibility of 
positioning/margins required to 
account for set-up errors 
o Safety of anaesthesia for infants 
treated in the prone position 
o Time taken for simulation and for 
each daily treatment 
o Dose inhomogeneities in the target 
volume, especially at the junctions and 
along the length of the spinal axis 

Van Dyk, 
IJROBP 1977 



Just some of the issues… 



Just some of the issues… 

o Placement of centre of brain fields 
o Posterior angulation of lateral fields to spare contralateral lens 
o MLC vs custom blocks for shielding 
o High vs low junction in the cervical region 
o Use of couch rotation or match line wedge for junction in the cervical 

region 
o Use of a gap/feathering of junction in the cervical region 
o Second field vs extended SSD for spinal axis 



Evolution of CSI technique 

o Supine position 

o CT simulation 

o Simplification of beam geometry 

o Better junction planning 

o New delivery options (e.g., Tomotherapy, VMAT) 



From prone to supine…. 



McGill technique 

o Supine position, neck extended 
o Isocentre of brain fields at 
junction with spine field 
o Isocentre of (upper) spine field 
at fixed distance from centre of 
brain field/fixed collimator angle 
of 11° for brain fields 

Parker and Freeman, Radiotherapy and Oncology 2006; 78:217-222 



McGill technique: junctions 

11o 
20 cm 30 cm 

40 cm 10 + x cm 20 cm 
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McGill technique: junctions 

11o 
20 cm 30 cm 

36 cm 12 + x cm 22 cm 



Comparison with other CT-based techniques 

• Advantages of McGill technique 
o Supine position → greater comfort, reproducibility, safety if 

anaesthesia required 
o Clean junction/no couch rotation 
o Fixed distance longitudinal couch movements only 
o MLC compensation for spinal axis, automated delivery 

• Fulfills requirement for a technique “as simple and practical as possible” 
(Van Dyk, 1978)! 



 
Rationale: to reduce long term complications of treatment   

Other options for CSI  
 



Long-term complications of radiotherapy 

Due to radiotherapy to the brain 
Neuro-cognitive deficits/effects on social interactions 
Hypopituitarism 
Alopecia 
Cataracts 
Hearing loss 

Due to radiotherapy to the spine 
Short stature 
Primary hypothyroidism 
Impaired lung function 
Effects on the heart 
Primary ovarian failure 

Both  
Second cancers… 



Other options for CSI  

- Electrons for the spinal axis  

- IMRT (tomotherapy, VMAT) 

- Proton therapy  



Electrons for spinal irradiation 



Electrons for the spinal axis 



 
Problems: 
 
- Limitations on length of field (20-25 cm) 
- Dosimetry at junctions  
- Possible variations in dose to CTV because of attenuation by bone  
- Dose gradient in vertebrae  
- Increased dose to lungs 
- Use of energies < 22 MEV are associated with an excess of failures  (Carrie, 

1992) 
- Use with care ! 

Electrons for the spinal axis  
 



IMRT for the spinal axis  

- IMRT reduces high dose exposure to all OARs:  
Thyroid,lungs,heart,liver,kidneys,ovaries  
 
….. At the expense of increased low dose exposure  



Tomo 

2D 

Dose to the heart 

2D 3D Tomo 

V30Gy 17 10 0 

V20Gy 70 58 0 

V10Gy 76 66 63 

V5Gy 82 73 100 



  
New technical approaches 

- Tomotherapy for CSI with IGRT 
 

- VMAT planning using a conventional LINAC with IGRT 

No junctions or field matching 



No junctions or field matching 

 Less dose posterior to 
the target 

 No overlap/less dose 
anterior to the target 

 Bath dose (?) 





Protons 

Thanks to Nancy Tarbell MD 



Proton therapy 

Attractive for… 
 
•Dose escalation 
 

•Potentially reducing adverse 
effect of treatment 
 

•Focal treatment and large 
volumes (i.e. CSI) 

Caution for….  
-Deviations  (organ motion, set-up errors, density changes..) 
-Metal implants 
-High weighted spots 
-Beam arrangements  

Barney CL et al., Neuro-oncology, 2014  



CSI: concluding remarks 

o CSI is a complex treatment that for optimal results must be done 
properly, using modern technology including CT simulation with 
additional information provided by MRI for target volume definition 

o Newer techniques address many of the technical issues that were 
associated with older techniques, as well as being much simpler to plan 
and treat 

o Reduced dose to OARs is possible using IMRT + IGRT  
o The future: protons for all? 



CSI: concluding remarks 

PRO 
- Fewer acute toxicity 

 
- Substantial reduced risk of radiation related  secondary neoplasm 

 
CON 
- No sufficient clinical data to argue that proton therapy is the only acceptable 

treatment 
 

-  Future study is required to better characterize the long-term clinical benefit of     
proton therapy  



Radiotherapy: treatment techniques wide field 

irradiation  

Whole Brain Radiation Therapy 

 



 
 WBI: technical aspects 
 

WBI 



 
Technical considerations:  
Modern conventional CNS RT: 
- conformal 
- conventional fraction size 

Good RT technique also for 
palliation 
 



To evaluate the potential benefits of CT simulation 
in WBI  comparing field-shaping based on 3D CT 
simulation to conventional 2D simulation. 

• CT head scans were obtained from 20 patients. 
• Conventional 2D planning was obtained by drawing 

the block contours on digitally reconstructed 
radiographs (DRR) as in conventional simulation  

• 3D-planning was obtained by contouring target 
volume on the CT slices. 
 

• To assess the adequacy of margins, the minimal 
distance from the field edge to the contoured organ 
was measured for both planning situations at six 
sites (the subfrontal region (midline), both ocular 
lenses, both temporal lobes, and the medulla) 

Portal design in WBI by conventional  
simulation 

3D block shaping in 3D-planning   



RESULTS 
In conventional planning using DRR 
 
- major geographic mismatches (>3 mm) occurred in the subfrontal region 
- minor mismatches (-3 to 0 mm) predominantly occurred in the contralateral 
lens (21%), ipsilateral lens (10%), and subfrontal region (9%) 
- close margins (0–5 mm) were most frequently noted at the contralateral lens 
(49%), ipsilateral lens (35%), and the subfrontal region (28%)  
 
In 3D planning  
 
- mismatches were not found 
- close margins were inevitable at the ipsilateral lens (5%), subfrontal region 
(30%), and contralateral lens (70%) 



CT simulation in WBI is significantly superior to 

conventional simulation with respect to complete 

coverage of the target volume and protection of the 

eye lenses  



Dementia after WBI 

 

 

Risk factors 

- Treatment volume 

- Fraction size >2 Gy 

- Total dose: less important than fraction size 

- Concurrent chemotherapy: possible 

- Age: elderly patients (> 60 yrs) at higher risk  

Neurocognitive effects of WBRT 



Neurocognitive effects of WBRT 

- HRQOL was assessed at baseline, at 8 weeks, and then every 3 months for 3 years 
(EORTC Quality of Life Questionnaire C30 and Brain Cancer Module).  
 

- The following six primary HRQOL scales were considered: global health status; 
physical, cognitive, role, and emotional functioning and fatigue.  
 

- Overall, patients in the observation only arm reported better HRQOL scores than did 
patients who received WBRT.  

- The differences were statistically significant mostly during the early follow-up period 
(for global health status at 9 months, physical functioning at 8 weeks, cognitive 
functioning at 12 months and fatigue at 8 weeks).   



Hippocampal avoidance and WBI 



Hippocampal avoidance 



WBI  with hippocampal sparing 
Remarks 

 Hippocampus plays a fundamental role in immediate or long-term memory and 
the spatial learning and is rarely involved by metastasis 
 

 Sparing hippocampi during WBI becomes possible with volumetric modulated 
arc therapy (VMAT) or with helical tomotherapy 

  
 The delineation of the structures should be performed after co-registration of 

gadolinium-enhanced T1-weighted MR-images with the planning CT 
 
 The D40 to both hippocampi should not be greater than 7.3 Gy  

 
 Preliminary informations of a possibile neurocognitive sparing effect (delayed 

recall as assessed by HTVL-R)  
 



Hippocampal avoidance and WBI 



Hippocampal avoidance and WBI 
 

-  Eligible adult patients with brain metastases received HA-WBRT (30 Gy/10 fr). 
- Standardized cognitive function and quality-of-life (QOL) assessments were 

performed at baseline and 2, 4, and 6 months.  
- The primary end point was the Hopkins Verbal Learning Test–Revised Delayed 

Recall (HVLT-R DR) at 4 months. 
 

- 42/113 pts  were analyzable at 4 months. Mean relative decline in HVLT-R DR 
from baseline to 4 months was 7%, significantly lower in comparison with the 
historical control (p< .001).  

- No decline in QOL scores was observed. 



 Whole Brain Radiation Therapy: 

A simple technique still quite useful in the clinical arena 
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 Localised radiotherapy for intracranial tumours 

terminology evaluation 



 Techniques of local radiation delivery 

3D conformal radiotherapy 
IMRT 
stereotactic radiotherapy  
stereotactic radiosurgery 
volumetric arcing IMRT (VMAT/RapidArc) 
tomotherapy 
image guided radiotherapy 
particle therapy 



precision 
conformality 
   photons  
  protons 
time factor (4D RT) 
  intrafraction patient and tumour motion 
  interfraction changes in tumour & normal tissue 
quality assurance 
  imaging closer to treatment delivery (IGRT) 

Attributes of modern local RT delivery 
 refinements of conformal radiotherapy 

 Classification of radiotherapy technologies 
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Attributes of modern local RT delivery 
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 Classification of radiotherapy technologies 

accurate tumour localisation 
precise dose targeting 
  immobilisation 
  image guidance 
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1.9.10 30.11.07 1.9.10 
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accurate tumour localisation 
precise dose targeting 
  immobilisation 
  image guidance 



Methods of immobilization 

Frame system 
GTC relocatable frame 



Mask system 

Methods of immobilization 



Mask system 
with on line correction 

Methods of immobilization 



 Comparison of immobilisation techniques 

Specialized mouthbite (dentist) 
Expensive 
4 visits for planning (incl. CT verification) 
Relocation accuracy < 2 mm 

No specialist equipment 
Inexpensive 
3 visits for planning 
Relocation accuracy 3-5 mm 

CTV-PTV margins 4mm 

CTV-PTV margins 3mm 



 Comparison of immobilisation techniques 

The ExacTrac kV stereoscopic image verification system 



 Comparison of immobilisation techniques 
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IGRT with ExacTrac kV stereoscopic image verification system 

Rosenfelder et al 2013, Clin Oncol 25 (1); 66–73 



 Comparison of immobilisation techniques 

SETUP MARGIN (mm) Lateral Longitudinal Vertical 

Pre-
correction 

Frame 1.3 1.0 1.0 

Shell 1.0 4.5 4.0 

Post-
correction 

Frame 0.4 0.6 0.4 

Shell 0.4 0.6 0.7 

IGRT with ExacTrac kV stereoscopic image verification system 

Rosenfelder et al 2013, Clin Oncol 25 (1); 66–73 
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 Deconstructing stereotactic radiotherapy 
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 Dose 
 Fractionation 

Stereotactic radiotherapy attributes 

High precision localised radiotherapy 
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Rosenfelder et al 2013, Clin Oncol 25 (1); 66–73 



  Intrafraction motion in CK radiosurgery 
Ki Mun Kang et al 2013, Medical Physics 40, 051716 

example of intrafraction movement 



  Intrafraction motion in CK radiosurgery 
Ki Mun Kang et al 2013, Medical Physics 40, 051716 

statistical distribution of mean position  
(262 radiosurgery fractions) 
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IGRT - adaptive radiotherapy 
adjusting for interfraction motion 



 High grade glioma 

IGRT - adaptive radiotherapy 
adjusting for interfraction change in size and shape 



 High grade glioma 

IGRT - adaptive radiotherapy 
adjusting for interfraction change in size and shape 



 Craniopharyngioma 

IGRT - adaptive radiotherapy 
adjusting for interfraction change in size and shape 



 Craniopharyngioma 

IGRT - adaptive radiotherapy 
adjusting for interfraction change in size and shape 



 Localised radiotherapy for CNS tumours 

terminology evaluation 



Conformal radiotherapy techniques 
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Localised radiation delivery 
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Physical endpoints – target dose 

optimise target dose 

 Evaluation of local radiotherapy techniques 



Physical endpoints – normal tissue avoidance 

reduce normal tissue volume & dose 

 Evaluation of local radiotherapy techniques 



reduce normal tissue volume & dose 

all normal tissue 
central nervous system 
critical structures (OARs) 

 Evaluation of local radiotherapy techniques 
OAR – organ at risk 

Physical endpoints – normal tissue avoidance 



reduce normal tissue volume & dose 

all normal tissue 
central nervous system 
critical structures (OARs) 

 Evaluation of local radiotherapy techniques 

Physical endpoints – normal tissue avoidance 



dose 

volume 

50% 100% 

central nervous system DVH Physical endpoints 

 Evaluation of local radiotherapy techniques 



reduce normal tissue volume & dose 
Avoidance in the treatment of skull base tumours 

central nervous system 
critical structures (OARs) 

optic nerves 
& chiasm 

pituitary 

brain stem 

hypothalamus 

 Evaluation of local radiotherapy techniques 

temporal 
lobes 



Conformal radiotherapy techniques 

 Localised radiotherapy for CNS tumours 

multiple conformal fixed fields 
multiple isocentres (gamma knife/Linac) 
multiple small beams (Cyberknife) 
IMRT 
  static 
  arcing (VMAT/RapidArc/Tomotherapy) 
 
protons 
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Comparison of conformal fixed field & multiple isocentre techniques 
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Conformal radiotherapy techniques 

 Localised radiotherapy for CNS tumours 

multiple conformal fixed fields 
multiple isocentres (gamma knife/Linac) 
multiple small beams (Cyberknife) 
IMRT 
  static 
  arcing (VMAT/RapidArc/Tomotherapy) 
 
protons 



Comparison of conformal radiotherapy techniques 
Cozzi et al 2006 
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Comparison of conformal radiotherapy techniques 



Conformal radiotherapy techniques 

 Localised radiotherapy for CNS tumours 

multiple conformal fixed fields 
multiple isocentres (gamma knife/Linac) 
multiple small beams (Cyberknife) 
IMRT 
  static 
  arcing (VMAT/RapidArc/Tomotherapy) 
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 IMRT for meningioma 

Avoidance of critical structures 

cochlea 

brain stem 

hypothalamus 

hippocampus 



 physical endpoints 
 standards for comparison 
 clinical relevance 

Localised radiation delivery 

 Evaluation of local radiotherapy techniques 



Comparison of conformal radiotherapy techniques 

Acoustic neuromas 

Dutta et al 2011 J Neurooncology 

Linac Cyberknife 

Linac CK 

conformity index no difference 
maximum brain stem dose no difference 
mean cochlear dose higher lower 
mean mesial temporal dose higher lower 



Comparison of conformal radiotherapy techniques 

Acoustic neuromas - standards for comparison 

Dutta et al 2011 J Neurooncology 

Linac Cyberknife 

Linac CK 

conformity index no difference 
maximum brain stem dose no difference 
mean cochlear dose higher lower 
mean mesial temporal dose higher lower 

single isocentre  
multiple non-coplanar arcs 



Comparison of conformal radiotherapy techniques 

Acoustic neuromas 

Dutta et al 2011 J Neurooncology 

Linac Cyberknife 
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Localised radiation delivery 
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 Evaluation of local radiotherapy techniques 

Clinical relevance of complex techniques 

increased tumour dose 
 

clinical relevance of  



 Evaluation of local radiotherapy techniques 

Clinical relevance of complex techniques 

increased tumour dose 
reduced normal tissue/OAR dose 

clinical relevance of  



multi-leaf collimator leaf size 
 Collimation 

conformal treatment delivery – 3DCRT or IMRT 

5 mm 2.5 mm 



<1 cm3  

≥1 cm3 <5 cm3 

≥5 cm3 

PTV 

 Collimation 

PTV coverage 5mm vs 2.5 mm MLC 

differences 

Tanyi et al 2011 



 Collimation 

PTV coverage 5mm vs 2.5 mm MLC  (DVH) 

% difference in conformity index 

PTV size (cm3) 

Tanyi et al 2011 



precision 
imaging/immobil

isation/image 
guidance 

dose distribution 
target normal 

tissues 

linac fixed field ++ ++ + 
linac IMRT/arcing IMRT ++ ++ + 
GK multiple isocentres ++ + + 
cyberknife ++ +/- + 

Comparison of conformal radiotherapy techniques 

technique of high precision conformal radiotherapy 
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  protons 
time factor (4D RT) 
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Attributes of modern local RT delivery 
 refinements of conformal radiotherapy 

 Classification of radiotherapy technologies 

accurate tumour localisation 
precise dose targeting 
  immobilisation 
  image guidance 
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Radiation tolerance of the CNS: acute and late 
effects 

Prof. Dr.med. Damien Charles Weber 

Center for Proton Therapy 

Paul Scherrer Institute 
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Why high-dose delivered to the brain? 

03/01/13 



Acute toxicity 

• Fatigue 
• Alopecia 
• Skin erythema 
• Headache 
• Nausea/vomitting 

03/01/13 



Alopecia 

03/01/13 

• Hair follicles located 5 mm below the scalp 

• Follicle-avoidance RT 



Alopecia 
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Reduction of 20% - 42% dose reduction of follicule voulme (vertex-frontal-occipital) 



Alopecia 
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Late toxicity After Radiotherapy…. 

03/01/13 



Type of  Late Toxicity (CNS) 

• Brain necrosis 
• Brainstem damage 
• Pituitary dysfunction 
• Cochlear toxicity 
• Optic apparatus 
• Hippocampal toxicity 
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Factors affecting toxicity (General) 
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Brain Toxicity 
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Brain Toxicity QUANTEC 

Dose Incidence radio-
necrosis* 

> 60 Gy < 3% 
> 72 Gy 5% 
90 Gy 10% 

03/01/13 

Normal fractionation and a/b ratio of 3 
Marks LB et al. IJROBP 2010;76:S20-27 



Brain Toxicity QUANTEC 
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Brain necrosis Introduction 

• Coagulation necrosis 

• Vascular Thickening 

• Peri-vascular fibrosis 

• Infiltartion of chr inflammatory cells 

Therory 

1. Vascular hypothesis: lesions of small to medium vessels, necrosis is 
secondary to ischemia. 

2. Glial hypothesis: irradiation damage glial cells (oligodendrocytic +++) 
leading to white matter cavitation and demylenisation 

3. Immunologic hypothesis: radiation necrosis and vascular change in 
response to Ag release from damaged glial cells 

03/01/13 



Brain necrosis (0) 
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Brain necrosis (1) 
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Brain necrosis (2) 

Number of patients N=96 

Tumor CS & Chordoma 

Dose PRT RTOG 85-26 
66.6 vs. 72 Gy RBE 

Unilater(bilateral) BN 80% (20%) 

BN @ 5 years 13.2% 

03/01/13 
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Brain necrosis 

03/01/13 

Number of 
patients 

N=62 

Tumor CS & 
Chordoma 

Dose Median 71.7 
GyRBE 

Unilater(bila
teral) BN 

40% (60%) 

BN crude 11.3% 

No clear 
association 
with DVH 
metrics 
74 Gy CGE 
to 2 cm3 



Brainstem tolerance 
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Number of patients N=367 

Tumor CS & Chordoma 

Dose Median 67.8 Gy RBE 
(63.0 vs. 79.2) 

Constraints 64/53 GyCGE 
Toxicity-free BS Survival @ 5-10 years 94-88% 



Brainstem tolerance 
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Pituitary  

Number of patients 748 
FU period 27.3 years (range, 10.8-47.7) 
Prevalence GHD 46.5% 
Prevalence LH/FSHD 10.8% 
Prevalence TSHD 7.5% 
Prevalence ACTHD 4% 
Treatment of GHD 0.3% 
Treatment LH/FSHD 21.5% 

03/01/13 



Pituitary 

03/01/13 

Study 41’000 patients/9 studies (pituitary-
hypothalamic tumors) 

NFPA 10y TPFS 70% vs. 74% (NS) 
Craniopharyngioma TP not affected by GHR 

(Significant factor: residual tumor, RT) 
NFPA GH not predictor of tumor progression 

after ajusting for gender, resction, age, 
invasion cav. Sinus) 

Secondary tumors in patients with RT +/- 
GHR (match pait analysis) 

No difference observed 



Pituitary 
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Hearing Loss 
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Hearing Loss 

Grade POG Decription 
0 Normal 
1 20 to 40 dB loss at >4 KHz 
2 >40 dB loss at 4 KHz 
3 >40 dB loss at >2 KHz 
4 40 dB loss at <2 KHz 

03/01/13 

https://www.childrensoncologygroup.org/index.php/sensory/hearingproblems 

https://www.childrensoncologygroup.org/index.php/sensory/hearingproblems


Hearing Loss 

Dose Rate 
Mean dose < 45 Gy < 30% of non-serviceable hearing 
< 14 Gy Single fraction (SRS) < 25% of non-serviceable hearing 

03/01/13 

N=42 MB patientd 
Treated with CDDP and 

IMRT 



Hearing Loss 
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Grade 3-4 POG toxicity: 25% 
No patient had grdae 3-4 tox if mean dose < 43 Gy 



Visual toxicity 
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Visual toxicity 
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Visual toxicity 
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Visual toxicity 
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Visual toxicity 
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Visual toxicity 
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4.5% of grade 1-4 visual toxicity 



Memory loss 
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Memory loss 
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Memory loss 
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Memory Loss 
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Memory loss 
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Memory loss 
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5% of patients had 
BM in HR  
(CI95% 0-10%) 



Conclusions (late toxicity) 

1. CNS toxicity is dose dependant and volume dependant 

2. Metrics/dose constraints are based on studies with varying parameters 
(target volume, sample size, radiation modality, brain region, etc…) 

3. Brain necrosis after (very) high-dose RT frequent: 10-15% @ 5 years 

4. Is usually symptomatic and requires therapy 

5. Risk factors: Gender?, DVH metrics 

6. Pituitary dysfunction: very common for GHD but not treated in the majority 
of cases 

7. GH replacement for cancer patient: no evidence of tumor recurrence 

8. Constraints mean dose to cochlea to < 43-45 Gy 

9. Constraint dose to 60 and 55-56 Gy to the ON and OC, respectively. 

10. Correlation between hippocampal irradiation and neuro-cognitive toxicity 

11. Hippocampal avoidance in young patients with LGG or benigh tumors? 
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03/01/13 



17/11/2013 

SYSTEMIC THERAPY ISSUES 
 

ESTRO teaching course 
Management of brain tumours 

 
Patrick Roth 

 

Department of Neurology and Brain Tumor Center 
University Hospital Zurich 



« On the treatment of brain masses » 

„The art of surgery has been used with varying luck on brain neoplasms. 
Hygenic life style, preservation of strength and phlebotomy to minimize 
blood flow to the head are our only aids.“ 
 
  

Dr. Anna Fischer-Dückelmann, 1905 



Why systemic therapy? 

anti-IDH1 R132H 

Sahm et al, Arch Neurol 2012 



Systemic therapy: blood-brain barrier 
 

Gerstner et al. Nat Rev Clin Oncol 2009 

Tumor-derived 
mediators of BBB 
disruption: 
 

• VEGF 
• Nitric oxide (NO) 
• Leukotrienes 
• Prostaglandins 



Chemotherapy and the BBB 
Drug CSF penetration 
Nitrosoureas 
(ACNU,BCNU; CCNU, Fotemustine) 

++ 
  

Procarbazine ++ 
Thiotepa + 
Dacarbazine 
Temozolomide 

(+) 
++ 

Cyclophosphamide, Ifosfamide +/- 
AraC ++ 
Methotrexate -/+ 
5-FU (++) 
Anthracyclins 
Liposomal doxorubicine 

- 
++ 

VM26 -/+ 
Etoposide -/+ 
Vincaalkaloids, Taxanes - 
Topotecan ++ 
Cisplatin, Carboplatin - 

Müller et al., Malignant brain tumors 1995 



Systemic therapy for glioma: the early days 



Temozolomide to the rescue 

2005 



Temozolomide 

03/01/13 

• Imidazotetrazine derivative of dacarbazine 
 

• Conversion in the systemic circulation at physiological pH to the active 
compound, 3-methyl-(triazen-1-yl)imidazole-4-carboxamide (MTIC) 
 

• Good BBB penetration 
 

• Oral application (note: there is also an i.v. formulation) 
 

• Methylation of O6 guanine:  

Tumor cell death 



Toxicity 



MGMT 



What is MGMT? 

• O6-Methylguanin-Methyltransferase (= MGMT) 
 

• DNA repair protein 
 

• MGMT  removes methyl group from O6 position of guanine („protects 
tumor cell DNA from damage by chemo- and radiotherapy“) 



Inactivation of MGMT gene by promoter methylation 

„Responder“ 

„Non-Responder“ 

unmethylated MGMT promotor 

MGMT gene 
Transcription/translation 

MGMT promotor active 

Chemo- 
resistance 

MGMT gene 
Transcription/translation 

CH
3 

CH
3 

CH
3 

CH
3 

CH
3 

MGMT promotor 

MGMT promotor methylation 

inactive 

Chemosen- 
sitivity 



Prognostic effect 

Hegi et al, NEJM 2005 



Predictive effect in elderly GBM 

Wick et al, Lancet Oncol 2012 

MGMT-methyl + TMZ 

MGMT-unmethyl + TMZ 

MGMT-unmethyl + RTX 
MGMT-methyl +  RTX 



Beware! Before you start testing…. 

03/01/13 

… you need a reliable MGMT test! 



Clinical performance 
 
= the prognostic or predictive value of a given 
candidate biomarker 
 
 
Analytical performance 
 
= the reliability of the results yielded by a particular 
assessment or test 
 
 

Essential properties of clinical biomarkers 

Problem: results may vary between tests and investigators 



PCV  

• Established in 1980s 

• Used in 1p/19q co-deleted tumors 

• Combination not used in other tumor entities  

• Differing schedules 

– PCV +/- radiation therapy 

– PCV before/after radiation therapy 

– Dose intensity 

 



What is PCV? 

Procarbazine Lomustine (CCNU) Vincristine 
p.o. p.o. i.v. 
Alkylating agent 

Breaking of DNA strands 
 

Alkylating nitrosourea 
compound 

Breaking of DNA strands 
 

Vinca alkoid 
Mitotic inhibitor – 
inhibiting the assembly 
of microtubule structures 

 
Good penetration trough 
blood-brain-barrier 

Good penetration trough 
blood-brain-barrier 
 

Moderate to low penetration 
trough blood-brain-barrier 

Molecular weight: 258 Da Molecular weight: 233 Da 
 

Molecular weight: 923 Da 
 

Dose limiting side effects: 
Hematotoxicity 
High (>90%) emetogenic 

 

Dose limiting side effects: 
Hematotoxicity 

 

Dose limiting side effects: 
Peripheral neuropathy 

 



What is PCV? 



PCV toxicities EORTC 26951 vs RTOG 9402 

Toxicities  (Grade 3/4) EORTC 
26951 

RTOG 
9402 

Hematologic, any 46% 56% 
Neutropenia 32% 42% 
Thrombocytopenia 21% 37% 
Anemia 7% 5% 
Peripheral neuropathy 2% 8% 
Nausea/vomiting 6% 8% 
Toxicity leading to treatment stop 38% 20% 



Systemic treatment of brain mets 
 

There is no specific chemotherapy (or any specific medical 
treatment) for brain mets 

Most brain mets derive from chemo-resistant primary 
tumors 

The best chemotherapy for the primary tumor is also the 
best choice for brain metastases 

Brain mets have (probably) no blood-brain barrier (BBB)  

Drugs that cross the BBB may be helpful for the prevention 
of metastasis to the brain and/or for the treatment of 
„micrometastases“ 

Basic considerations 



Good old chemotherapy 



Chemotherapeutic drugs used to treat brain 
mets in NSCLC patients 

• Cisplatin / Carboplatin 

• Vinorelbine 

• Paclitaxel / Docetaxel 

• Gemcitabine 

• Pemetrexed 



Treatment of brain mets 

• Cerebral response rates of about 40% have 
been reported for NSCLC patients with BM 
following treatment with platinum and 
pemetrexed  

• These results are not inferior to the local 
response rates typically seen with WBRT 

 
Barlesi et al. Ann Oncol 2011 
Bailon et al. Neuro Oncol 2012 



Deeken and Löscher, Clin Cancer Res 2007 

=> but: drug levels in brain mets lower than in extracranial mets  

Chemotherapeutic drugs: BBB crossing 



Chua et al. Clin Lung Cancer 2014 
Kouroussis et al. Oncology 2009  

WBRT + Temozolomide 

WBRT +/- temozolomide: 
• Patients with NSCLC and > 1 newly 

diagnosed brain metastasis 
• Poor accrual 
• WBRT alone: median OS: 5.7 months 
• WBRT + temozolomide: median OS 4.4 

Daily low-dose temozolomide: 
• Patients with advanced NSCLC; many of them 

with brain mets 
• “minimal activity as salvage therapy in patients 

with advanced NSCLC” 
 



Targeted therapy 
 

…the ultimate solution? 



Targeted therapy 

• Bevacizumab  
 => probably no need to cross the BBB 

• EGFR inhibitors (erlotinib, gefitinib…) 
 => only in patients with sensitizing EGFR mutation 

• ALK inhibitors (crizotinib, ceritinib…) 
 => only in patients with EML4-ALK translocation 



Socinski et al. J Clin Oncol 2009 
De Braganca et al. J Neurooncol 2010 
Lévy et al. Ann Oncol 2014 
 

• Only low risk for CNS hemorrhage in patients with NSCLC 
and brain mets who are treated with bevacizumab 

• Potentially strong anti-edema activity 

• Bevacizumab alone or in combination with chemotherapy 
in patients with brain mets from NSCLC: 
• Median PFS: 7.8 months 
• Median OS: 14.1 months  

• WBRT + bevacizumab in patients with brain mets 
(REBECA): 
• Safe, but clinical benefit remains unclear 

 

Bevacizumab 



Lynch et al. N Engl J Med 2004 
Paez et al. Science 2004 
Matsumoto et al. Int J Cancer 2006 
Park et al. Lung Cancer 2012  
Maemondo et al. N Engl J Med 2010 
Rosell et al. Lancet Oncol 2012 
 

• Activating EGFR mutations particularly commmon in 
adenocarcinomas of the lung 

• EGFR mutations may be overrepresented in brain mets 
of lung cancer patients 

• Clinical activity of EGFR inhibitors in patients with 
activating EGFR mutations has been shown in several 
large trials 

• Modest BBB penetration of EGFR inhibitors 

EGFR inhibitors 



Berger et al. Lung Cancer 2013 

CNS response rates in NSCLC patients treated 
with EGFR-TKI 
 



WBRT + gefitinib or temozolomide 
• Gefitinib: median OS 6.3 months  
• Temozolomide: median OS 4.9 months 
• Fatigue as major side effect 
 
WBRT and SRS + erlotinib or temozolomide in patients 
with < 3 brain mets 
• WBRT and SRS: median OS 13.4 months 
• Addition of temozolomide: median OS 6.3 months 
• Addition of erlotinib: median OS 6.1 months 
• Increased toxicity in the gefitinib and temozolomide arm 
 

Pesce et al. Eur J Cancer 2012 
Sperduto et al. Int J Radiat Oncol Biol Phys 2013 

Addition of EGFR inhibitors to WBRT does 
(probably) not prolong survival 
 



ALK fusion genes 

• Found in around 5% of NSCLC 

• Encountered more frequently in never smokers, the 
adenocarcinoma subtype, and in younger patients  

• NSCLC patients with ALK rearrangement have improved 
OS after radiotherapy for brain metastases compared 
with EGFR or KRAS mutations  

    => Subsequent receipt of targeted therapy is associated 
with additional improvement in OS 

 

Shaw et al. J Clin Oncol 2009 
Mak et al. Neuro Oncol 2015 
Shaw et al. New Engl J Med 2013 

• Crizotinib:first approved ALK inhibitor  



Brain mets: a particular challenge? 

• Novel ALK inhibitors: ceritinib and alectinib which are 
both active against ALK-positive NSCLC 

• Ceritinib concentration in the CNS may reach 
approximately 13% of systemic levels in preclinical 
models 

 Shaw et al. New Engl J Med 2014 
Gadgeel et al. Lancet Oncol 2014 
Kim et al. ASCO 2014 

=> Crizotinib: very limited CNS penetrance (< 1%) 
Costa et al. J Clin Oncol 2011 



ASCEND-1: ceritinib in patients with brain mets 

Shaw et al. ESMO 2014 

=> Promising treatment for patients with brain mets? 



Conclusions 

• Systemic therapies can improve outcome in brain tumor 
patients 

• Blood brain barrier can be a limiting factor 

• Insufficient understanding of tumor biology as one 
limiting factor 

• Emerging targeted agents with putative activity in brain 
tumors 

• Predictive factors may help to tailor systemic therapies 

• Need for more research 
 



Systemic treatment for gliomas: 
Novel therapies 
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ESTRO Brain Tumour Course 
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CGARN glioblastoma study, Nature 2008 



CGARN glioblastoma study, Nature 2008 CGARN glioblastoma study, Nature 2008 





CGARN glioblastoma study, Nature 2008 CGARN glioblastoma study, Nature 2008 



EGFR 

• Growth factor receptor 
 erbB encodes the EGFR 

receptor 
• oncogenic mutations generate 

EGFR that is activated even in 
the absence of EGF 

• amplification of erbB  gene(s) 
increases membrane 
expression of EGFR 

Over-activity of RAS - MAPK pathway induces over-expression of genes 
promoting proliferation and the malignant phenotype 



commonest mutation is deletion of exons 2 - 7: 

• mutant protein (EGFRvIII) cannot bind ligand but is constitutively activated 

• common in high grade gliomas (25-30%) 



monoclonal antibodies 

farnesyl 
transferase 
inhibitors 

Raf kinase 
inhibitors 

antisense 
strategies 

tyrosine kinase 
inhibitors 

Targeting the EGFR 
pathway 



EGFR inhibitors show efficacy in vitro but are ineffective in patients 

Van den Bent et. al., J Clin Oncol, 27(8); 2009 

Randomised phase II 
study in recurrent GBM: 

PFS-6 
Erlotinib 11% 

TMZ 24% 

Erlotinib TMZ 

Perreboormtet. al., J Neurooncol, 2010 

Phase II study of erlotinib with radiotherapy and temozolomide in 
newly diagnosed GBM: 

• No improvement in outcome compared to historical controls 
• Worse toxicity 



New EGFR targeting strategies showing more promise 



• EGFRvIII mutation detected in 26% of patients 
• Anti-EGFRvIII antibody titre increased >4x in 85% of patients 



• 62% of EGFRvIII patients 
MGMT unmethylated 

ACT IV phase III 
randomised controlled trial 

completed recruitment 
very rapidly 



A phase 1 study evaluating ABT-414 in combination with 
temozolomide (TMZ) for subjects with recurrent or unresectable 

glioblastoma (GBM). 
 

2014 ASCO Annual Meeting 

• Antibody targeting EGFR or mutant EGFRvIII conjugated to a cytotoxic anti-
microtubule agent  

• Preclinical activity against GBM tumor models - either amplified wild type 
EGFR or EGFRvIII 

• Preliminary safety data demonstrate unique toxicity - corneal epithelial 
microcysts 

• Preliminary responses in 3/9 pts with TMZ refractory GBM; 1 CR 
• Phase 2 studies of ABT-414 in GBM underway: 

– With TMZ in recurrent GBM (EGFR amplified or EGFRvIII mutated) 
– With RT-TMZ in first line GBM (EGFR amplified or EGFRvIII mutated) 

 



• Is MGMT a prognostic or predictive biomarker? 

• Can we target MGMT to overcome TMZ resistance? 



MGMT 

guanine 

O6-benzylguanine 



Trial stopped early for futility 





Mutations in IDH1 and IDH2 

Is mutant IDH a 
therapeutic target? 







Bartkova et al, Oncogene 2010 

DNA damage levels and DNA damage response elements are 
upregulated in GBM 





PARP inhibitors increase sensitivity of 
GBM xenografts to TMZ and IR 

PARP-1 is overexpressed in GBM and is 
not expressed in normal brain 

More tomorrow….. 



Summary 

• GBM exhibit multiple genetic abnormalities 
• Inter- and intra-patient heterogeneity 
• Targeting single pathways ineffective to date 
• Tumour specificity essential 
• Immunological/vaccine therapies have potential 
• DNA damage response also a potential target 
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OUTLINE 
 

• Instruments to evaluate Quality of Life (QoL). 

• Quality of Life in glioma trials. 

• Quality of Life in brain metastasis trials 

• The issue of cognitive dysfunctions in brain metastases 

• Conclusions 



Armstrong and Gilbert, Curr Treat Options Oncol, 2014 



MEASURING HRQoL AND COGNITIVE 
FUNCTIONS IN BRAIN TUMORS PATIENTS:  

CRITICAL ISSUES 
 

• Timing  

• Compliance            missing data 

• Post-progression assessment 

• Usefulness as early indicators of disease progression 





Taphoorn  et al, Lancet Oncol 2005 







Taphoorn  et al, JCO 2015 







Boele et al, JCO 2015 





WBRT MAY NEGATIVELY IMPACT HEALTH-RELATED 
QUALI TY OF LIFE (HRQL) IN BRAIN METASTASIS 
 

• Increasing interest for HRQL as an endpoint for treatment 
comparisons in many cancer types, especially in advanced  
stages (Bottomley et al, Eur J Cancer 2005) 

• After PCI for SCLC significant, but reversible, short-term (3 
months) negative impact on selected HRQL scales, such as 
fatigue, hair loss, or cognitive functioning (Slotman et al,  JCO 2009). 

• After PCI for NSCLC significant decline in memory at 1 year (Sun 

et al, JCO 2011) 
• No data available so far regarding the impact of adjuvant WBRT 

on HRQL of patients with brain metastases. 
 
 



EORTC 22952-26001  
Quality of Life results of an EORTC phase III 

randomized trial of adjuvant Whole Brain Radiotherapy 
versus Observation after Radio surgery or Surgical 

Resection of 1-3 Cerebral Metastases of solid tumors 
HRQOL results 

 
R. Soffietti1, M. Kocher2, M. U. Abacioglu3, S. Villa4, F. Fauchon5, B. G. 

Baumert6, L. Fariselli7, R. P. Mueller2, G. Tridello8, A. Bottomley8 
 

1.Azienda Ospedaliera San Giovanni Battista, Neurology, Universita di Torino, Torino, Italy – 2.University of 
Cologne, Radiation Oncology, Koeln, Germany – 3.Marmara University Hospital, Radiation Oncology, Istanbul, 

Turkey – 4.Hospital Germans Trias i Pujol, ICO, Radiation Oncology, Barcelona, Spain – 5.Centre Haute Energie, 
Nice, France – 6.Radiation-Oncology (MAASTRO), Maastricht University Medical Centre (MUMC), GROW (School 

for Oncology), Maastricht, Netherlands – 7.Fondazione Istituto Neurologico “Carlo Besta”, Milano – 8.EORTC 
Headquarters, Brussels, Belgium 

J Clin Oncol. 2013 Jan 1;31(1):65-72 



Results: Global health status / QoL 

 

Timepoint WBI 
Estimate 
(Std.Err.) 

No WBI 
Estimate 
(Std.Err.) 

Treatment 
difference  

p-value 

Baseline 58.3 
(1.8) 

60.0 (1.8) 0.5 

8 wks 54.9 
(2.1) 

56.8 (2.2) 0.5 

3 mths 58.0 
(2.4) 

58.6 (2.5) 0.9 

6 mths 58.7 
(2.9) 

62.1 (2.9) 0.4 

9 mths 52.2 
(3.2) 

63.2 (3.2) 0.01 

12 mths 56.8 
(3.9) 

58.7 (3.5) 0.7 

Overall post 
baseline 

0.1 
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Results: secondary QoL endpoints 
Cognitive Functioning

Means + 95% CI
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Role Functioning
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Fatigue
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Physical functioning: 
significant differences detected at 8 weeks 

and on the overall post baseline assessments 

Cognitive functioning: 
significant differences detected at 8 weeks, at 

12 months and on the overall post baseline 
assessments 

Role functioning: 
significant difference detected at 8 weeks 

Fatigue: 
significant differences detected at 8 weeks and at 

3 months 

Emotional functioning: no differences were detected  
 



NEUROCOGNITIVE FUNCTIONING IN ADULT WHO 
GRADE II GLIOMAS : IMPACT OF OLD AND NEW 

TREATMENT MODALITIES 

 
• Surgery : conventional vs awake surgery 

• Radiotherapy : large fields vs conformal techniques 

• Chemotherapy  

• Antiepileptics 





Douw et al, Lancet Neurol 2009 



IMPACT OF WBRT ON COGNITIVE FUNCTIONS : 
GENERAL CONCEPTS IN BRAIN METASTASIS 

• A radiation-induced dementia with ataxia and urinary incontinence 
has been reported in up to 30% of patients by 1 year from 
receiving unconventional large size fractions of WBRT (6-8.5 Gy) 
(De Angelis et al, Neurology, 1989). 
 

• When using more conventional size fractions (up to 3 or 4 Gy per 
fraction) the incidence of cognitive deficits in long-term survivors is 
unknown. 
 

• Long-term survivors frequently develop overtime changes on MRI, 
such as cortical atrophy, hyperintensity of the white matter in 
T2/FLAIR  images and hydrocephalus, but the clinical concomitants 
are poorly known. 
 



WHAT HAVE WE LEARNED FROM CLINICAL TRIALS : 
EARLY DECLINE AFTER WBRT FOR BRAIN METASTASIS 

• Two phase III trials in patients with 1-3 brain metastases 

comparing SRS + WBRT with SRS alone. 

• A significant decline in learning and memory function at 4 months 

in patients receiving WBRT (Chang et al, Lancet Oncol 2009).  

• A significant decline at 3 months in immediate recall, delayed recall 

and verbal fluency (Brown et al 2015, Irradiance trial, ASCO 2015). 

• Unknown whether this early decline is associated with long-term 

and/or permanent decline 
 





NEW APPROACHES TO MINIMIZE 
COGNITIVE DECLINE FOLLOWING WBRT 

(“GENTLER WBRT”) 

• Use of “protective” drugs (memantine) (RTOG 0614) 

• Hippocampus avoidance with intensity modulated radiotherapy  

    (RTOG 0933) 

• Anti-inflammatory compounds 

• Identification of subgroups of patients at higher risk of developing 
cognitive deficits 

Gondi and Mehta, Curr Opin Neurol 2010;  
Steeg et al, Nat Rev Cancer 2011 

 



RATIONALE FOR NEUROPROTECTIVE DRUGS IN 
ASSOCIATION WITH WBRT 

• The pathogenesis of the radiation-induced damage could be 
similar to that of the small vessel disease of vascular dementia: 
injury of the endothelium → accelerated atherosclerosis →   
chronic ischemia  

                                                       ↓ 
To investigate compounds with efficacy in vascular dementia 

 
• Memantine is a non-competitive, low affinity antagonist of the N-

methyl-D-aspartate (NMDA) receptor, which is activated by 
glutamate, and has the potential to block the excessive NMDA 
stimulation following ischemia. 
 
 





Brown et al, Neuro Oncol, 2013 



RATIONALE FOR HIPPOCAMPAL AVOIDANCE IN 
ASSOCIATION WITH WBRT 

• Hippocampus has a central role in learning and memory functions, 
especially in the episodic memory (process  of forming new 
memories of events or facts). 
 

• Neuronal stem cells in the subgranular zone of the hippocampus 
are responsible for maintaining neurogenesis, which is critical for 
preserving memory functions. 
 

• Irradiation of the hippocampus in patients receiving radiation 
therapy for nasopharingeal, maxillary, pituitary and skull base 
tumors is associated with impairment in the learning and memory 
domain. 
 
 

Gondi et al, JCO 2010; Gibson and Monje, Curr Opin Oncol 2012  



Hippocampal Injury from Cranial RT 

• Preclinical evidence 
– 97% reduction in 

hippocampal  
neurogenesis 2 
months after cranial 
RT 
 

– Up-regulation of 
microglial 
differentiation and 
activation 

 
 

Blue: 
GCL, 
 
Green: 
SGZ 

Monje et al, Nat Med 2002; Gondi  et al, JCO 2010. 

Black: 
Cranial RT 
 
White:  
Control 

 





MRG-CC 101 TRIAL IN BRAIN METASTASES 

• Phase III trial comparing WBRT (30x10) + memantine vs 

WBRT (30x10) + memantine + hippocampal avoidance 

•  Primary endpoint : time to cognitive deterioration. 
 

 
 

 



RATIONALE FOR NON-STEROIDAL ANTI-INFLAMMATORY THERAPY 

• The radiation-induced blockade of hippocampal neurogenesis is not 
attributable to a direct depletion of stem cell populations, but instead of 
an inflammatory perturbation of the normal microenvironment  that 
support neurogenesis 

↓ 
Microglia activation and increase of proinflammatory cytokines 

↓ 
Inhibition of neuronal differentiation of stem cells 

• The inflammatory cascade can be mitigated in rodent models by 
nonsteroidal anti-inflammatory drugs (pioglitazone, fenofibrate, 
angiotensin type 1 receptor antagonists) or other proneurogenic 
strategies (aerobic exercise). 
 
 

Monje et al, Science 2003; Ramanan et al, Int J Radiat Oncol Biol Phys 2009  



HOW TO TREAT RADIATION-ASSOCIATED 
NEUROCOGNITIVE SYMPTOMS ? 

• Modafinil and fluoxetine as psychostimulants. 
 

• Animal studies have shown that irradiation of the brain adversely 
affects cholinergic neurons → rationale fro the use of cholinergic 
neurotransmitter modulators. 
 

• Donepezil is a drug that reversibly inhibits acethylcholine esterase, 
thus  enhancing the cholinergic transmission. 
 

• Donepezil increases cerebral perfusion in brain regions critical to 
cognitive processing. 

Howard et al, N Engl J Med, 2012 





NEW APPROACHES TO AVOID COGNITIVE 
DECLINE FOLLOWING WBRT 

• Stereotactic radiosurgery to the resection cavity 
 
 

• Targeted agents to treat asymptomatic small brain 
metastases 

 
 



RISK OF RADIONECROSIS FOLLOWING SRS  
TO THE RESECTION CAVITY 

• The reference value is 2.6% following WBRT (EORTC study, Kocher et al, JCO 

2011). 

• The values following SRS range between 9% and 17.5% in recent 

papers (Minniti et al, J Neurooncol 2013; Brennan et al, Cell 2014; Ling et al, Neurosurgery  2015). 

• More often the reported values are based on both biopsy and MRI : 

thus, the distinction between true radiation necrosis and 

pseudoprogression is unknown. 

   



RISK OF RADIONECROSIS FOLLOWING SRS  
TO THE RESECTION CAVITY 

• Not always the clinical relevance of the so called “radionecrosis” is 

detailed. 

• Some papers do not mention toxicity or simply state that “no toxicity 

was observed”. 

• The actuarial risk could increase over time: 7% at 1 year ; 16% at 2 

years (Minniti at al,  J Neurooncol  2013). 
   



RISKS OF NEUROLOGICAL COMPLICATIONS  
OTHER THAN RADIONECROSIS FOLLOWING SRS  

TO THE RESECTION CAVITY 

• Seizures, headache and hemorrhage as acute complications in 
individual patients (Minniti et al, J Neurooncol 2013). 

• Increased T2 signal changes on MRI around the resection cavity 
(radiation-related edema) in 10.8% of patients (Mathieu et al, 

Neurosurgery  2008). 
• A steroid dependency can occur, and both frequency and duration 

have not been recorded. 
• Overall, the incidence of both radionecrosis and other neurological 

complications is underestimated.  
   



Armstrong and Gilbert, Curr Treat Options Oncol, 2014 



Management of low grade astrocytoma 

Anthony Chalmers 
Chair of Clinical Oncology 

University of Glasgow 





Patients with grade 2 astrocytomas require 
treatment if: 

A. Age <40 

B. Incomplete neurosurgical resection 

C. Presented with seizures 

D. Tumour ≥6 cm diameter 

E. WHO performance status ≥2 

 



Consructed on 322 patients 
Validated on 288 patients 



Immediate v. 
delayed 

radiotherapy 
 

54 Gy in 30f 
 

Karim et al, 
IJROBP 2002 



Immediate v. 
delayed 

radiotherapy 
 

54 Gy in 30f 
 

Van den Bent et al, 
Lancet 2005 



50.4 Gy in 28f v. 64.8 Gy in 36f; 203 patients with low grade glioma 
  Shaw et al, JCO 2002 

Radiation necrosis 
Grade ≥3  





So how should we be treating grade 2 gliomas WITHOUT 1p19q codeletion? 



For patients with grade 2 astrocytoma WITHOUT 1p19q 
codeletion who DO require treatment, I would recommend: 

A. Radiotherapy alone 

B. Radiotherapy with concomitant TMZ 

C. Radiotherapy with concomitant and adjuvant TMZ 

D. Radiotherapy with adjuvant PCV 

E. PCV followed by radiotherapy 



For patients with grade 2 astrocytoma WITHOUT 1p19q 
codeletion who require radiotherapy, I would recommend: 

A. 45 Gy in 25 fractions 

B. 50.4 Gy in 28 fractions 

C. 54 Gy in 28 fractions 

D. 60 Gy in 30 fractions 





Need more and better studies on impact of 
radiotherapy on QoL and neurocognitive function 





Management of 1p/19q co-deleted tumors 
 

ESTRO teaching course 
Management of brain tumours 

 
Patrick Roth 

 

Department of Neurology and Brain Tumor Center 
University Hospital Zurich 



1p 19q deletion due to early unbalanced translocation 
t(1;19)(q10;p10) 

Griffin et al. J Neuropathol Exp Neurol 2006 

Chr 1            Chr 19 
short arm         long arm 

1p/19q deletion 



2x centromere 

1x 1p 

2x centromere 

2x 1p 

1p deletion 1p non-deleted 

FISH (fluorescent in situ hybridization) 

Maternal  
chromosome 

Paternal  
chromosome 

Maternal  
chromosome 

Paternal  
chromosome 



Where do we find 1p/19q co-deletion? 

Oligodendroglioma (grade II) Anaplastic oligodendroglioma (grade III) 



Yan et al, NEJM 2009 

1p/19q and IDH status 



J Nat Cancer Inst 1998 

1p/19q deletion and response to chemotherapy 



1p/19q co-deletion: what is the therapeutic impact? 

Two trials – one result: 
 
Adjuvant procarbazine, lomustine, and vincristine chemotherapy in 

newly diagnosed anaplastic oligodendroglioma: long-term follow-up of 

EORTC Brain Tumor Group Study 26951. 

van den Bent et al., J Clin Oncol 2013 

 

Phase III trial of chemoradiotherapy for anaplastic oligodendroglioma: 

long-term results of RTOG 9402. 

Cairncross et al., J Clin Oncol 2013 
 
 



RTOG 9402 

AO or AOA, age >=18, KPS >=60 
 
Intensive PCV followed by immediate involved-field RT (experimental 
arm) or RT alone (control arm). 
 
RT: 59.4 Gy in 33 fractions (1.8 Gy each), 5 days a week. Patients 
randomly assigned to PCV plus RT began RT within 6 weeks of the last 
chemotherapy dose.  

Cairncross et al., JCO 2013 



EORTC 26951 

Van den Bent et al., JCO 2013 

AO or AOA, age 16-70, ECOG 0-2 
 
RT was to begin within 6 weeks from surgery and consisted of a dose 
of 45 Gy to be delivered to the planning target volume (PTV-1). 
Thereafter, a boost of 14.4 Gy (up to a cumulative dose of 59.4 Gy) 
was delivered to PTV-2 
 
PCV chemotherapy consisted of up to six cycles of standard PCV 
chemotherapy and had to start within 4 weeks after the end of RT. 



EORTC 26951 
Standard PCV 

RTOG 9402 
Intensive PCV 

PCV regimens EORTC 26951 vs RTOG 9402 



PCV toxicities EORTC 26951 vs RTOG 9402 

Toxicities  (Grade 3/4) EORTC 
26951 

RTOG 
9402 

Hematologic, any 46% 56% 
Neutropenia 32% 42% 
Thrombocytopenia 21% 37% 
Anemia 7% 5% 
Peripheral neuropathy 2% 8% 
Nausea/vomiting 6% 8% 
Toxicity leading to abbreviation of 
therapy 

38% 20% 



van den Bent, ASCO 2012 

Reasons for discontinuation of PCV in EORTC 26951 

n=185* Reason for Early 
Discontinuation: 

33% 

21% 

25%# 

 8% 

*13% (n=24) randomized to RT/PCV did not receive any adjuvant PCV. 
#32% of the 161 patients who started PCV completed 5 or 6 cycles PCV 



OS in patients with 1p/19q co-deleted tumors 

1p/19q co-deleted 1p/19q co-deleted 

=> RT plus PCV as standard of care (?) 



Can we avoid RT and use chemotherapy alone? 



Time to treatment failure – by therapy 
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Wick et al., ASCO 2015 



Time to treatment failure – by therapy/histology 
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Time to treatment failure – by molecular diagnosis 
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Overall survival – by therapy 
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Overall survival – by molecular diagnosis 
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Efficacy outcomes – by molecular diagnosis/therapy 

RT (A) ChT (B/C) RT (A) ChT (B/C) RT (A) ChT (B/C) 
IDHwt IDHmut 

(n=28) (n=30) 
Non-Codel 

(n=40) 
Non-Codel 

(n=43) 
Codel 
(n=35) 

Codel 
(n=31) 

PFS 
[years] 

0.8 (0.4-
1.2) 

0.8  
(0.7-1.4) 

3.0  
(1.6-4.6) 

2.1 
(1.5-3.1) 

8.7 
(3.9-11.1) 

7.5 
(4.0-9.4) 

TTF 
[years] 

1.5  
(0.9-3.3 

1.2 
(0.8-3.2) 

4 
(2.6-6) 

4.5 
(2.6-5.3) 

10.1 
(6.5-nr) 

8.1 
(5.0-nr) 

OS [years] 
4.7 

(1.9-5.9) 
3.1  

(1.1-5.7) 
7 

(4.8-9.2) 
7.3 

(4.7-8.6) 
nr  

(10-nr) 
nr  

(6.6-nr) 



Efficacy outcomes – across trial 
RTOG 94022 EORTC 269511 NOA-04 

RT PCV+RT RT RT+PCV RT CT 

PFS, 
IDHwt/1p/19
q intact 

1.0 1.2 0.6 0.8 0.8 0.8 

OS, 
IDHwt/1p/19
q intact 

2.7 2.6 1.8 2.1 4.7 3.1 

PFS, 1p/19q 
codel 

2.9 8.4 4.2 13.1 8.7 7.5 

OS, 1p/19q 
codel 

7.3 14.7 9.3 Not  
reached 

Not 
reached 

Not 
reached 

1. van den Bent et al. J Clin Oncol 2013 
2. Cairncross et al. J Clin Oncol 2013 



CODEL trial: initial design 

Central pathology 
 O/OA 
 1p19q codeletion 

R Radiotherapy + TMZ followed by TMZ 

TMZ 

Radiotherapy 

Estimated Enrollment: 520 
Study Start Date: October 2009 
Estimated Primary Completion Date: December 2018 

 
 



CODEL trial: updated design 

1p/19q co-deleted 
glioma (grade II and III ?) R Radiotherapy + TMZ followed by TMZ 

TMZ 

Radiotherapy followed by PCV 

 
 

Estimated Enrollment: 520 
Study Start Date: October 2009 
Estimated Primary Completion Date: December 2018 

Proposed design of revitalized CODEL trial 



Conclusions: anaplastic gliomas 

1p/19q co-deleted tumors: 
 
• The combination of RT and PCV may be regarded as standard of care for 

newly diagnosed anaplastic oligodendroglial tumors with 1p/19q co-
deletion 

• RT -> PCV and PCV -> RT are both feasible options 

• Temozolomide instead of PCV? => no final answer so far 

 
Non-1p/19q co-deleted tumors: 
 
• RT as current standard for newly diagnosed cases 

• Role of temozolomide to be defined in CATNON trial 



Feasible options: 

- Watch and wait 

- Surgery 

- Radiotherapy 

- Chemotherapy 

- Combined radiochemotherapy 

And in patients with low-grade gliomas…? 



And in patients with low-grade gliomas…? 

RTOG 9802 

Buckner, ASCO 2014 



RTOG 9802: histology 

Buckner, ASCO 2014 



RTOG 9802: PFS long-term follow-up 

Buckner, ASCO 2014 



RTOG 9802: OS long-term follow-up 

Buckner, ASCO 2014 



RTOG 9802: Prognostic factors 

Buckner, ASCO 2014 



Conclusions 

 Long-term data from EORTC 26951 and RTOG 9402 
suggest RT + PCV as standard of care for patients with 
anaplastic glioma and 1p/19q co-deletion  

 NOA-04 data do not support an attempt to achieve 
comparable outcomes with monochemotherapy in patients 
with 1p/19q co-deleted tumors 

 RTOG 9802 long-term data suggest a benefit from RT/PCV 
compared to RT alone in the entire cohort of grade II tumors 

 PFS and OS gain in the RTOG 9802 dataset is most 
prominent in patients with oligodendroglial (= 1p/19q co-
deleted?) tumors 

 Whether PCV can be replaced by temozolomide remains 
unclear 



Management of high grade glioma 

Anthony Chalmers 
ESTRO Brain Tumour Course 

2015 



Prognostic factors 

• tumour grade 

• age 

• performance status 

• molecular markers: 
– 1p19q co-deletion; MGMT promoter methylation; IDH1 mutation 

• extent of surgical resection 
 







Conformal RT IMRT 



Pre-radiation 18 months  
post-radiation 



Cairncross, J Clin Onc 2014  

1p19q codeleted 

1p19q intact 

1p19q codeleted 
1p19q intact 

PCV - 
RT 

RT 

Grade 3 
glioma 



All patients without 
1p19q codeletion 
 
HR = 0.85 
p = 0.39 

IDH1 mutated patients 
without 1p19q 
codeletion 
 
HR = 0.56 
p = 0.05 

HR = 0.83 
p = 0.185 



The treatment I would recommend for a patient with 
grade 3 glioma without 1p19q codeletion is: 

A. Radiotherapy alone 

B. PCV followed by radiotherapy 

C. Radiotherapy followed by PCV 

D. Radiotherapy with concomitant TMZ 

E. Radiotherapy with concomitant and adjuvant 
TMZ 

 



CATNON  
grade 3 gliomas WITHOUT co-deletion of 1p19q 



Glioblastoma 



Glioblastoma patients 
aged > 70 yrs 

Keime-Guibert NEJM 2007 

Debate later… 



Survival of GBM patients did not improve between 1978 and 2005.... 



Temozolomide 

Radiotherapy Surgery 

Stupp NEJM 2005 

Glioblastoma patients 
aged < 70 yrs 



‘Stupp’ regime 

• radiotherapy to enhancing tumour or resection cavity plus 2-3 cm 
margin 

• daily temozolomide 75 mg/m2 during radiotherapy 

• standard radiotherapy dose (60 Gy 30#) 

• 6 cycles of adjuvant temozolomide (5/28 days) 

– 1st cycle 150 mg/m2 

– escalate to 200 mg/m2 if tolerated 

– about 50% of patients completed 6 cycles 

 



Mature data 



who benefits from TMZ-RT? 

RPA III 

p=0.006 

RPA V 

p=0.054 

RPA IV 

p=0.0001 



48 year old patient with MGMT unmethylated GBM, >90% 
resection, PS=1 post-op. Completes RT-TMZ. She attends for 1st 

cycle adjuvant TMZ; PS now 2: fatigue, poor short term memory. 
Your recommendation is: 

A. Commence adjuvant TMZ as protocol 

B. Defer adjuvant TMZ until PS = 1 or better 

C. Commence adjuvant TMZ but reconsider after 
cycle 1 

D. Decision to proceed with adjuvant TMZ depends 
on result of MRI scan after RT/TMZ 

E. Advise patient no benefit from adjuvant TMZ 

 



61 year old science journalist from Los Angeles. MGMT methylated multifocal GBM, 
biopsy only. PS=1 post-op. Completes 1st cycle adjuvant TMZ with marked fatigue 

and ongoing mild cognitive deficit. Patient and wife seek your advice on (a) whether 
to go ahead with planned 5 week holiday to Italy for 30th wedding anniversary, 
visiting relatives, and (b) whether to continue with adjuvant TMZ. You advise: 

A. Cancel trip to Italy and continue adjuvant TMZ 

B. Travel to Italy, continue TMZ while away and on return 

C. Travel to Italy, take a break from TMZ, continue on 
return 

D. Decision to proceed with adjuvant TMZ depends on 
result of MRI scan 

E. Advise patient that benefit from adjuvant TMZ is 
insufficient to justify fatigue and other toxicities 

 



Chemoradiation for GBM 

• continuous temozolomide associated with lymphopenia 

– exacerbated by prior and concomitant steroid treatment 

– prophylactic co-trimoxazole or pentamidine recommended if lymphocyte count <0.5 

• adjuvant temozolomide associated with neutropenia, thrombocytopenia and fatigue 

• occasional patients experience pancytopenia during concomitant treatment 

• no increase in late neurotoxicity documented to date 

• ‘pseudoprogression’ on post-RT imaging 

– may reflect treatment related inflammation or necrosis 

– no validated imaging methods for discriminating progression from pseudoprogression 



Post-op, pre-CRT 

1 month post-CRT 

6 months post-CRT 



• Can we overcome TMZ resistance by 
increasing dose intensity? 



MGMT 
unmethylated 



AVAGLIO trial 



RTOG 0825  



Does bevacizumab maintain QoL? 



Recurrent GBM: 
BR12 trial: PCV v TMZ (5/28) v TMZ (21/28)  

Michael Brada et al. JCO 2010;28:4601-4608 
©2010 by American Society of Clinical Oncology 



OS TTF TMZ 7/14 days 
v. 21/28 days 

Improved survival 
in MGMT 

methylated 



Relapsed GBM after RT-TMZ 

• No established standard  
– re-resection +/- carmustine wafers? 
– PCV? 
– various studies of chemo + bevacizumab 

• High response rates but no clear survival benefit 

 
– cediranib (VEGFR inhibitor) +/- CCNU:  

• no benefit 

 
– other studies of EGFR TK inhibitors 

• erlotinib associated with reduced PFS (van den Bent JCO 2009) 
 

– TMZ rechallenge +/- altered temozolomide scheduling? 

Opportunity to test novel agents 



• 35 patients, median 2 progressions 

• Median time from diagnosis 14 months 

• 57% RR 

• 6 month PFS 46% 

• 11 patients discontinued because of toxicity 

 



Response v. pseudoresponse? 



42 year old patient with MGMT methylated GBM, >90% resection, RT-
TMZ. Recurrent, inoperable disease 14 months after completing 

adjuvant TMZ; PS=1. I would recommend: 

A. TMZ rechallenge, 5/28 day schedule 

B. TMZ rechallenge, 21/28 day schedule 

C. PCV 

D. TMZ + bevacizumab 

E. Bevacizumab + irinotecan 

 



61 year old patient with MGMT unmethylated GBM, >90% resection, 
RT-TMZ. Recurrent, inoperable disease 5 months after completing 

adjuvant TMZ; PS=1. I would recommend: 

A. TMZ rechallenge, 5/28 day schedule 

B. PCV 

C. TMZ + bevacizumab 

D. Bevacizumab + irinotecan 

E. Best supportive care 

 



Management of ependymoma 

of the brain and spinal cord 

Prof. Damien Charles Weber 

Prof. Ranjeev Bhangoo 

03/01/13 



03/01/13 



Introduction (1) 

• Originate from ependymal cells lining the 
ventricules and central canal 

• Classified according to the WHO classification 
(i.e. grade 1*-2-3) 

• 30% of change of grading after centreal review 
UKCCR/SIOP (50%/50%) 

• Can arise anywhere in the CNS but show a 
preference for the posterior fossa 
(Children+++) 

• In older patients, ependymoma often arise 
within the brain parenchyma 

03/01/13 



Introduction (2)  

Posterior fossa ependymoma 
• 69% occur in children 
• 3rd most common pediatric brain tumor 
• 50% occur before the age of 5 years  
• 58% presents in IV ventricule 
• 5-6% of all intracranial tumors 

03/01/13 



Differential diagnosis of ventricule tumors 

• Ependymoma 
• Subependymoma 
• MB 
• Astrocytoma 
• Epidermoid 
• Choroid Plexus tumors 
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Introduction (3) 

Treatment 
• Goal: Gross total resection 
• Recurrence frequent 
Aduvant therapy 
• RT beneficial 
• Chemotherapy: no proven benefit 

03/01/13 



Outcome 
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EP Prognostic factors 
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Prognostic factors 

03/01/13 
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EP and chemotherapy 

• Direct evaluation of the response of EP to several chemotherapy 
agents has failed to demonstrate significant chemosensitivity 

• However, given the concern of radiation-related neurotoxicity in 
(very) young children, several trials of postoperative 
chemotherapy have been undertaken 

• Response rate to single agents is 11%, with < 5% complete 
responses, CDDP  being the most active agent in phase II studies 

03/01/13 



EP and chemotherapy 
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EP and chemotherapy 

Number of patients N=19 
Age 3-14 years (median, 7.5 years) 
Regimen carboplatin, 560 mg/m2, with vincristine, 

1.5 mg/m2, weekly for 3 weeks, 
alternating at 4-week intervals with 
ifosfamide, 1.8 g/m2, and etoposide, 100 
mg/m2, for 5 consecutive days for a total 
of 4 cycles 

5 years PFS  74% 
Prognostic  factors The extent of surgical resection was not a 

significant prognostic factor in this study 
PD with non-R0 20% 

03/01/13 

Cancer. 1997 Jul 15;80(2):341-7. 
Adjuvant chemotherapy for the treatment of intracranial ependymoma of childhood. 

Needle MN1, Goldwein JW, Grass J, Cnaan A, Bergman I, Molloy P, Sutton L, Zhao H, Garvin JH Jr, Phillips PC. 
 

http://www.ncbi.nlm.nih.gov/pubmed/9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Needle%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goldwein%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grass%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cnaan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bergman%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Molloy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sutton%20L%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garvin%20JH%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=9217048
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=9217048


EP and chemotherapy 

Results 
Number of M0 patients N=80 
FFRT 42% (95% CI 32–53) 
Median FU 6 years (range 1·5–11·3) 
OS-5 years 63·4% ((95% CI  51·2–73·4) 
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Current stratgey 
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Current strategy 
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RT and EP (treatment volume) 
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Example: 14 months old boy  
posterior fossa anaplastic 

ependymoma  

Example: 4 years old boy  
supratentorial anaplastic 

ependymoma  

Prescription dose 59.4 Gy(RBE)  at 1.8 
Gy(RBE)/fraction 



RT and EP (dose) 
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RT and treatment duration 
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RT and treatment duration 
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Management of 
ependymomas 

Ranj Bhangoo, Francesco Vergani, Christian Brogna  
Department of Neurosurgery 

King’s College Hospital - London 



 

• 2% adult intracranial tumours 

• Data often from small series 

• Controversy regarding treatment 

• Role of chemotherapy/radiotherapy 

 

Adult intracranial ependymomas 



Myxopapillary 

• Commonly occurs in young adults in cauda 
equina 

• Slow growing WHO Grade I 

 ? Well Controlled after Surgery 

Tend to have good long-term survival after 
surgical resection 

 



WHO Grade I – Subependymoma 

Slow growing noninvasive tumor 

Are less cellular masses usually attached to 
the ventricle wall (cerebrospinal fluid 
filled cavity in the brain). 

More common in adults and older men 

Associated with long-term survival 

Surgery can be potentially curative 

  

 



WHO Grade II – Ependymoma (conventional) 

Most common brain tumor in young children 

Most common type of spinal glioma in adults 

Often develop in the ventricles when intracranial 

Several variants exist making diagnosis challenging: 

Cellular ependymoma 

Papillary ependymoma 

Clear cell ependymoma 

Tanycytic ependymoma 

Can potentially recur as a higher grade tumor even after treatment 

 



WHO Grade III Anaplastic Ependymoma 

Show evidence of increased tumor cell growth 
compared to conventional ependymoma 

Show evidence of new blood vessel formation 
to support active growth 

Exhibit more aggressive behavior than low 
grade ependymomas 

Often require additional treatment after 
surgery and can recur 

 



Paediatric Ependymoma 



Paediatric Ependymoma 



Adult Ependymoma 



Drop Mets in Ependymoma 



Treatment 

• Treat any Hydrocephalus if needed 

• Stage with Craniospinal MRI 

• Macroscopic Resection if at all possible 



 

 

Metellus et al. Brain, 
2007 

Adult intracranial ependymomas 



Anatomy of the Brain Stem 



Anatomy of the Brain Stem 



• 18 yrs old male 

• 3/52 history of unsteadiness 
of gait poor coordination on 
right side 

• MRI: right CP-angle lesion 
extending into IV ventricle 

 

Illustrative 
case 



 

 

Posterior fossa 
craniotomy 

IV ventricle tumour 
extending from the 
obex 

Plane of dissection 
between tumour and 
floor of the IV 
ventricle 



 

• Postop course initialy 
complicated by dysphagia 
requiring tracheostomy 

• Dysphagia resolved at 3 
months and tracheostomy 
removed 

• Pt disease-free at 18 
months follow-up 

 

Follow up 



Spinal ependymomas – role of surgery 



Neurological Outcome after Surgery 



Adjuvant Treatment 
 

 

• Complete Resection – Watch and Wait? 

• Complete Resection - ? Radiotherapy  

 ? Local ? Craniospinal 

• Incomplete Resection  

 What to offer? 

 

 



Recurrence 

• Re-operate 

• Chemotherapy? 

• Radiotherapy? 



Conclusion 

• Surgery – the First, the Best and the Only 
Chance  

 

 

 











Umberto Ricardi 
 
 

Management of CNS GCTs 



brain: 21 % 
neck:  2 % 
mediastinum: 4 % 
retroperitoneum: 3 % 
coccyx: 19 % 
ovary: 28 % 
testis: 19 % 
other: 4 % 

Distribution of Germ Cell Tumors  



Primary CNS Germ Cell Tumors  
  Frequency: 2 - 5 % of primary CNS tumours 
      Incidence:   0.02 - 0.07/ 100,000  

0.6 per million per year in USA/Europe 
2.7 per million per year in Japan 

   
 Age:    75% of patients are 10-20 years 
  Male : female ratio   2 : 1 
 
  Presenting symptoms 

endocrine  (e.g. DI) 
visual  (e.g. Parinaud) 
neurological (e.g. raised ICP) 
 

 



CNS GCTs – Location 

Germinoma  sGCT 



 Bifocal growth (pineal / suprasellar) 
 CSF spread 
 different histological subtypes  

Teratoma Embr. Ca. „Mixed“ GCT Germinoma 

Intracranial germ cell tumours (GCT) 



CNS GCT: a characteristic pattern of progression  

Subependymal infiltration / CSF pathway dissemination  

3dV 

LV 

4th
V 

Spinal 
dissemination 

3-37%   

Intracranial 
extraventricular 
dissemination 

exceptional 



Intracranial germ cell tumours (GCT) 

General strategy in diagnosis and management 
Working Groups World wide 

Asia 
(Japan) 

North - America 
(Canada, USA – COG -) 

Europe 
(EU - SIOP) 



SIOP CNS GCT working group 
Gaby Calaminus, Rolf Kortmann (D) 
Didier Frappaz, Claire Alapetite (F) 
Maria Luisa Garré, Umberto Ricardi (I) 
Frank Saran (UK), James Nicholson (UK) 
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Histology AFP ß-HCG 

Germinoma - -/(+) 

Embryonalcarcinoma (+) - 

Yolk sac tumour +++ - 

Choriocarcinoma - +++ 

Teratom / matura od. 
immatura 

-/(+) -/(+) 

Mixed GCT -/(+)/+++ -/(+)/+++ 

Intracranial germ cell tumours (GCT) – Tumor marker 



General strategy in diagnosis and management 
Europ. Consensus SIOP CNS GCT 

Germinoma 
If tumour markers are negative or slightly elevated,  
a histological diagnosis is mandatory 
 
 
Secreting germ cell tumours 
If tumor markers αFP and/or βHCG are elevated 
(αFP > 25 ng/ml; βHCG > 50 IU/L)   
and imaging shows a characteristic lesion,  
a secreting germ cell tumour is diagnosed  
and treatment should be started with chemotherapy 
(without histological confirmation) 
 
 

Intracranial germ cell tumours (GCT) 



A beneficial role for more radical primary 
resection has not been established 
 
Role of surgery for resection of residual 
disease after chemo (sGCT)   
   
 

CNS GCT: Extent of surgery 



Primary CNS Germinoma- Pathology  

PLAP 

prominent 
nucleus 

lymphocytic infiltration 



CNS GCT: Diagnostic work-up and Staging 

 
 
Non metastatic (localized) 
 - unifocal disease 
 - bifocal disease 
 
Metastatic 
 - microscopic (M1) 
 - macroscopic (M2,M3) 

MRI of the whole neuraxis 
α-FP / β-HCG  
 - serum 
 - CSF 
CSF cytology 



Which is your proposal in a 14-yo male affected with 
localized pure germinoma of the pineal region? 
 
1. Chemotherapy only 

 
2. Radiotherapy alone (CSI followed by focal boost) 

 
3. Chemo followed by same RT as above 

 
4. Chemo followed by more limited RT 
   

Germinoma 



What do you mean as more limited RT? 
 
1. CSI with lower doses 

 
2. Smaller volumes: whole brain 

 
3. Smaller volumes: WVI 

 
4. Smaller volumes: focal irradiation only 

 
 

Germinoma 



Radiotherapy is the backbone  
in the treatment of  

pure 
intracranial germinoma 

Germinoma 



Germinoma: Management 

 Standard treatment has been RT alone, with cranio-
spinal irradiation plus focal boost, resulting in DFS 
of 90-95% 
 Microscopic disease:      
     30-36 Gy 
 Macroscopic disease:              

  40-50 Gy 

Boost to tumour site CSA 



CSI: risk for late toxicities  

Two parallel developments to reduce late effects of CSI: 
 
•evidence that with RT alone: 
 

 irradiation to limited volumes (<CSI, but 
WVI/WBI) in well staged pts is equally effective 
(what is the real risk of spinal seeding?) 

 
 lower RT doses (MAKEI 40 Gy --> 36 Gy  --> 30 

Gy) control subclinal disease  
 
• reports of encouraging results using a combination of 
chemo followed by reduced-volumes RT 



Relapsefree survival (CNS) (n=155) (patients - germany) 
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MAKEI 83/86 (36/50 Gy) MAKEI 89(30/45 Gy) 
SIOP CNS GCT(24/40 Gy) Observation  

0.95 
n=49  
0.95 
n=49  
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n=11 
1.0 
n=11 

months 

Su
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1.0 n=43 1.0 n=43 

0.49  
n=53  
0.49  
n=53  

p<0.0001 

Kortmann et al., 2001, abstr. 

Radiotherapy in pure germinoma 



Response to chemotherapy 

At diagnosis After 2 x Carbo-PEI 

Germinoma 



Outcome (RT alone, chx – RT, chx. alone)  
Radiotherapy in pure germinoma 

Author Pat. Therapy RFS (5 years) 
Bamberg  

1999  
11 
49 

RT CSA 36 Gy+Tu 14 Gy 
RT CSA 30 Gy+Tu 15 Gy 

100% 
88.8% 

Bouffet, 1999 44 Chx. +  RT tumour 98% (3 years) 
Balmaceda, 1996 45 Chx. alone 50% 

 
Haddock, 1997 

 
48 

12 RT CSA/tumour  
11 RT whole brain/tumour 
24 RT ventricular system 

10 y.                94% 
                        94% 
                         0% 

Kitamura, 1999 13 Chx. / RT tumour : 24 Gy 100% 

 
 Aoyama, 1998 

41 23 RT CSA/tumour 
10 RT whole brain / tumour 

8 RT tumour 

10 y.                90% 
                        76% 
                        22% 

Hardenbergh, 1997 40 30 RT CSA/tumour 
10 RT whole brain/tumour 

100% 
100% 

Cefalo, 1995 7 Chx. / RT tumour region  5 relapses (ventricles) 
Kellie, 2004 

Da Silva 2010 
11 
25 

Chx. alone  47% 
6 y : 45.6% / OS 75.3% 

Kortmann, 2001 155 102 RT CSA 
53 other treatments 

        99.5% (CNS) 
        49% (CNS) 

Shikama, 2005 180 114 RT whole brain / Boost 
66 RT CSA 

8 y. EFS 89%, OS 91% 
(identical both groups) 



Treatment for biopsy proven germinoma  

• Initial chemotherapy followed by reduced 
dose and/or reduced volume irradiation: 
          
sustained high EFS and OS (>90%)  

  - improved QOL ?    
      - reduced late effects ? 



10 

6 
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41 
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Registered patients until 31.12.2002 

SIOP CNS GCT 96 



SIOP CNS GCT 96 / pure germinoma 



Design of protocol 

Option A :  
radiotherapy of craniospinal axis : 24 Gy (5 x 1.6 Gy / week) 
followed by RT to tumour site :       16 Gy (5 x 1.6 Gy / week) 
Total tumour dose :        40 Gy 

Option B :  
2 courses Carbo PEI  
(600mg/m2 d1 -- VP16 150mg/m2 d1-3/22-24 – Ifosfam. 1800mg/m2 d22-26) 
followed by RT to tumour site :            40 Gy (5 x 1.6 Gy / week) 

SIOP CNS GCT 96 / germinoma 



SIOP CNS GCT 96 / germinoma 

PFS / final analysis / including metastatic cases 



SIOP CNS GCT 96 / germinoma 
OS / final analysis / including metastatic cases 





SIOP (7/65) SFOP (9/62) 

Typical pattern of relapse in the combined approach 



Modified according to  
Aoyama et al., 2009 

Author Pat. Dose/Gy RFS OS relapses 
Cefalo, 1995 7 40 local n.a. 100% 5 (71,5%) 
Aoyama, 2002 28 24 local 66% 93,8% 6 (21%) 
Lafay-Cousin 
2006 

6 24-40 WV 100% 100% 0 (0%) 

Bouffet, 1999 57 40 local 96,4% 98% 4 (7%) 
Matsutani, 2001 75 24 local n.a. n.a. 9 (12%) 
Nguyen, 2006 9 30.6 local n.a 89% 4 (44%) 

Pattern of relapse after chx followed by RT 
With respect to target volume (M0) 

Local RT versus ventricular RT 

Relapses (majority ventricular system)  
after local RT in all series 16% (6-71,5%) 

Radiotherapy in pure germinoma 



Germinoma 
Take home message 

 
CT + focal RT does not control 
 subclinical ventricular disease 

  

CNS GCTs: SIOP CNS GCT 96 

whole ventricular RT 





Is radiotherapy alone to  
ventricular system / boost 

sufficient in non-metastatic disease ?  
(no chemotherapy) 

Radiotherapy in pure germinoma 



Technique Pat. Relapses 
(total) 

Spinal 
 

CSA 287 14 (4.8%) 3 (1%) 
Whole brain 91 6 (6.5%) 3 (3.2%) 
Ventricular 
system 
(boost) 

54 3 (5.6%) 1 (1.8%) 

Local only 130 31 (23.8%) 13 (10%) 

Aoyama et al., 2009 

Pattern of relapse after radiotherapy alone 
with respect to target volume (M0) (meta-analysis) 

Radiotherapy in pure germinoma 



   SIOP CNS GCT II 
Underlying philosophy: 
Convert macroscopic to subclinical disease 
by using chemotherapy before RT 
Dose reduction from 40 to 24 Gy (primary tumour site) 
(Japanese data,  : overall tumor-free rate 92.9% (52 of 56 pat.) 
Med.f-up, 2.1 years, 1 relapse outside RT area. Matsutani et al., 1998 
 

Dose reduction to non-target brain 
(dose reduction to functionally relevant areas) 
 Reduction of risk for late effects 

SIOP CNS GCT II / new study / germinoma 



Rogers, Saran et al., 2005 

Dose distribution / target volumes 

Whole brain Ventricular system Tumour region 

Radiotherapy in pure germinoma 



Rogers, Saran et al., 2005 

Dose distribution / target volume / DVH‘s (whole brain) 

Whole brain 

Ventricular system 

Tumour region 

Dose : 24 Gy / boost 16 Gy  

Radiotherapy in pure germinoma 



Neurocognitive function 
RT CSA versus ventricular RT 

Intracranial germ cell tumours (GCT) 

Mabott et al., 2011 

Domain RT- CSA Ventricular RT 
Verbal  
comprehension 

87.30 110.50 

Perceptual reasoning 98.56 121.00 
Full-scale IQ 91.78 115.17 

Reading 85.38 106.17 

Receptive vocabulary  85.56 106.20 

Problem : total dose and dose distribution unknown 
(RT CSA 25 - 30 Gy, boost doses up to 54 Gy ? ) 



       WVI: definition 

Third ventricle 
 
Lateral ventricles 
 
Fourth ventricle (regardless 

of primary tumor site) 
WVI 



RT techniques for ventricular system irradiation 

 Very irregular shape of the target 
volume 

  
 New radiation modalities (IMRT) 

for the best conformity index 
(target coverage and normal brain 
sparing) 



      WVI: concave-shaped target for IMRT 



Chen et al., 2010 

RT ventricular system + boost / IMRT 
Reduction of dose to „non-target brain“ / hemisheres 

Comparison of plans / 10 patients 

Radiotherapy in pure germinoma 





Intracranial germ cell tumours (GCT) 

Processing speed Pineal  
Bifocal 
Suprasellar 

Neurocognitive function (29 germinoma, 7 non-germinoma) 

Years after treatment 

34 RT / chx, 1 RT alone 
Pineal   9 pat. 
Suprasellar 12 pat. 
Bifocal   10 pat. 
CSA           7 (25.8-31.5Gy) 
Focal RT  7 (26.6-39.9Gy) 
Ventricular  16 (23.5-29.6Gy) 

Mabott et al., 2011 
Years after treatment 



Intracranial germinoma - Conclusions 

High cure rates 

RT indispensable (Chx alone : app 50% relapse rate, high toxicity) 

Chemotherapy is an effective strategy to avoid spinal RT and to reduce dose 
of RT  
  

M + : RT CSA / boost alone (no chemotherapy)  



Primary CNS Secreting GCT’s - Pathology  

Choriocarcinoma 
(βHCG) 

Yolk sac tumour 
(αFP) 

embryonal 
carcinoma  
(αFP + βHCG) 



 
 
α-FP > 25 ng/ml in serum and/or CSF 

 
     
ß-HCG > 50 IU/l in serum and/or CSF 
  
   

Non - germinomatous GCT 

SIOP CNS GCT 96 : secreting GCTs 
Clinical diagnosis 



Histology Clinical 
behaviour 

Tumour markers Sensitivity to 

AFP ßHCG Chemo RT (Gy) 

Germinoma malignant - (+) +++ 24 

Embryonal CA 
Yolk sac tumour 

Choriocarc. 

malignant 
malignant 
malignant 

- 
+++ 
- 

- 
- 

+++ 

+++ 
+++ 
+++ 

45 
45 
45 

Teratoma benign 
(potentially 

malignant) 

- - -/? >54/? 

Histological subtypes / tumour markers / sensivity to 
treatment 

Non - germinomatous GCT 



Non-Germinoma GCT: Management 

• Results very poor with radiotherapy alone (EFS 20-
30%) 
 

• Less sensitive to radiation than germinoma 
 

• Chemotherapy alone: poorer results than with 
combined approach 
 

• Standard of care: chemotherapy followed by 
radiotherapy (EFS 50-60%; OS 50%) 
 

• First line surgery does not improve prognosis 
 



SIOP CNS GCT 96 : therapy secreting GCTs 

non-metastatic 
4 x PEI     focal irradiation 54 Gy  

metastatic 
4 x PEI     craniospinal irradiation 30 Gy 
     tumor site boost 24 Gy 

Non - germinomatous GCT 
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SIOP CNS GCT 96 
EFS / non-metastatic versus metastatic disease 

0.67±0.11 

Non - germinomatous GCT 

0.71±0.05 

non metastatic : local RT 54 Gy 
metastatic : CSA 30 Gy, boost 24 Gy 
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Non - germinomatous GCT 
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Non - germinomatous GCT 



Predominantly local failures 

Target volume / conclusions  

High ventricular failure rates after chx. alone 
 sanctuary site for failures (like in germinoma) ? 

Local and spinal failures independent  
of target volume (CSI versus local RT) 
 metastatic disease  : CSI necessary 

Local RT sufficient in non-metast. disease ? 

Non - germinomatous GCT 

Conflicting data (Outcome / pattern of relapse) 



Data are scarce 

Local doses of at least 50 Gy  
for all non germinoma GCT  
  Europe / North Am. : 54 Gy 
  Asia (Japan) (54 – 60 Gy) 

Dose to areas with subclinical disease  
in CSI (prophylactic / metast. disease) unclear 
  30 Gy ? 

Dose – response relationship / conclusions 

Non - germinomatous GCT 



SIOP CNS GCT II 
AFP > 25 ng/ml and or total HCG > 50 IU/l in serum and or CSF or hist proven CHC, YST,EC (+/- teratoma / germinoma  

Non - germinomatous GCT 



Non - germinomatous GCT 

Treatment Europe 
(SIOP GCT II) 

North America 
(ACNS 1123) 

Japan (Asia) 

RT volume Local (M0) 
CSI/boost (M+) 

Whole ventricular / 
boost (M0) 
CSI / boost (M+) 

CSI / boost (M0-
M+) 

Dose 
prescription 

30 Gy CSI (M+) 
54 Gy local 
(M0) 

30.6 (WV-RT or CSI) 
23.6 Gy boost 

Japan (M0-M+) 
30 Gy CSI 
24-30 Gy (boost) 

Chx. 
protocol 

4 x PEI (cispl / 
etop / ifosph) 
HD chx in high 
risk pat. 
before RT 

6 x carbopl. / 
etoposide / ifosfamide 
before RT& 

Japan 
5 x ICE ( ifosph/, 
cisplatin /etop.) 
before RT 

Protocols Europe / North America / Asia 



International Symposia: 
 
 Kyoto, 2003 
 Los Angeles, 2005 
 Cambridge, 2013 
 Tokyo, 2015 



Primary CNS lymphoma 
 

ESTRO teaching course 
Management of brain tumours 

 
Patrick Roth 

 

Department of Neurology and Brain Tumor Center 
University Hospital Zurich 



Primary CNS lymphoma 
 

• Lymphoma with exclusive manifestation in the CNS 

• Median age: ~ 60 years 

• Incidence: approximately 0.5/100.000 
 => increasing for unkown reasons 

• Particular situation: HIV-associated CNS lymphomas 
=> incidence decreasing since introduction of HAART 

• Unclear pathogenesis => specific CNS tropism? 
   



Clincal presentation 

•  Personality changes 

•  Symptoms associated with increased intracranial pressure 

•  Motor and sensory deficits 

•  Cranial nerve palsies 

•  Seizures (rare) 

•  Cerebellar symptoms 
   



Imaging: CT 

• Iso- or hyperdense mass 

• Multiple lesions in about 30-40% of all patients 

native contrast 

Institute of Neuroradiologie, USZ 



• MRI: T1 hypointense, T2  iso-/hyperintense 

• Homogeneously contrast-enhancing mass – no necrosis 

• Frequently well circumscribed, few edema 

T2 T1 + contrast 

Imaging: MRI 

Institute of Neuroradiologie, USZ 



How to confirm the diagnosis 

 

• Lumbar puncture: dissemination in the CSF in 20-30% of the 
patients with newly diagnosed PCNSL 

  => Confirmation of a malignant B cell clone (FACS) or clonal 
IgH rearrangement using PCR 

 
   • Stereotactic biopsy: do not administer steroids before! 

• Tumor resection does not affect survival – really…? 

 
 

   

Staging: 

• Slit lamp examination (ocular involvement in 10-15%) 

• CT scan chest and abdomen, bone marrow biopsy 

• HIV testing 
 

   



Histology 

  

• Diffuse large B cell 
lymphoma (98%) 

 

• High proliferation 
index (>50% Ki-67+) 

 

• CD20+ 



Prognosis 

• Survival without treatment: weeks / few months 

• Age and performance status are the most important prognostic factors 

 

 

 

 

 

 

• Histological subtype is not a prognostic factor 
Abrey et al. J Clin Oncol 2006  



Treatment of PCNSL 

How would you treat a patient with newly diagnosed PCNSL? 

  

1. Radiotherapy (WBRT) 

2. Chemotherapy 

3. Radio- and chemotherapy 

4. Well, it depends… 



Treatment of PCNSL: what do we know? 

• WBRT (>40 Gy) 
Median OS 12 months, <5% 5-year survival (Nelson et al., 1992)  

• High-dose methotrexate (HD-MTX): most active drug 
Median survival approximately 25 months 
~25% surviving 5 years or more (Herrlinger et al., 2005) 

• HD-MTX + intrathecal MTX + WBRT 
Median OS 42 months, 25% 5year survival (Abrey et al., 1998, 

DeAngelis et al., 2002) 

BUT: up to 60% of all patients (and virtually ALL elderly 
patients) suffer from severe neurotoxicity (Abrey et al., 1998; 
Herrlinger et al., 2001; Harder et al., 2004) 

=> no longer appropriate 



IELSG-20: MTX vs. MTX/Ara-C 

• Randomized phase II trial, 24 centers, 6 countries 
   

• 79 patients, age 18-75 Jahre    
  

• 4 cycles of MTX, 3.5 g/m2 alone OR MTX plus 4x Ara-C, 
2 g/m2 d2+3, every 3 weeks, followed by WBRT 
        

• CR rate after MTX-based therapy:  
 18% (MTX) versus 46% (MTX + Ara-C) 
 
• Hematological toxicity more frequent and severe with 

combination      
  

Ferreri et al., Lancet 2009 



IELSG-20: MTX vs. MTX/Ara-C 

Ferreri et al., Lancet 2009 

3 year survival rate 32% versus 46% (p = 0.07) 

PFS OS 



Randomisation  
WBRT 

yes (A1, B1) or no (A2, B2) 
 

6 x HD-MTX plus ifosfamide 
(biweekly) 

3 x 8 mg dexamethasone/die 
for 10 days in cycle 1 

Arm A Arm B 

WBRT  
4-7 weeks  
after CR  

A1 

Observation 
 
 

A2 

WBRT 
 
 

B1 

4 x HD-Ara-C 
4 x 3 g/m2 in 48 h 

21 d cycles 
B2 

CR PR, SD, PD 

The G-PCNSL-SG1 trial 

n=526 

n=56 n=98 n=96 n=68 



The G-PCNSL-SG1 trial 

Thiel et al., Lancet Oncol 2009 
Korfel et al. Neurology 2015 

PFS OS 

=> early WBRT does not prolong overall survival 



No role for resection – for 4 decades 



Resection – may be considered… 

Weller et al., Neuro Oncol 2012 



< 60 years, n=39 

≥ 60 years, n=49 P < .001 

• 88 patients 
• Polychemotherapy and intrathecal chemotherapy 
• 60% CR, median OS 55 months 
 

 
 
 
 
 
 
 
 
 
 
 
 
9% dying from toxicity 
23% reservoir infection 

Bonn protocol - polychemotherapy 

Pels et al., J Clin Oncol 2003 



Overall-Survival
median follow-up 63mo (3-84)
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• High-dose chemotherapy followed by autologous 

stem cell transplantation 
• Only patients younger than 60 years 
 
 
 
 
 
 
 
 
 
 
 
 
 

High-dose chemotherapy with stem cell support 

Illerhaus et al., J Clin Oncol 2006 



Rubenstein et al., J Clin Oncol 2013 

CALGB 50202: intensive chemotherapy + rituximab 



Rubenstein et al., J Clin Oncol 2013 

PFS OS 

CALGB 50202: intensive chemotherapy + rituximab 



What is the role for rituximab in PCNSL? 

Holdhoff et al., Neurology 2014 

Data from prospective studies are lacking 



IELSG-32 trial 
PCNSL [≤ 65 years, PS 0-3] or [65-70 years, PS ≤2] 

® 

® 
WBRT 36 Gy 
± Boost 9 Gy 

BCNU 400 mg/m2 D1        
Thiotepa 5 mg/kg x 2/d; D2-3 

+ APBSCT 

4x MTX 3.5 g/m2 D1 
     AraC 2 g/m2 x 2/d, D2-3 
 x 3 weeks 

4x Rituximab 375 mg/m2 D-5/0 
     MTX 3.5 g/m2 D1 
     AraC 2 g/m2 x 2/d, D2-3 
 x 3 weeks 

4x Rituximab 375 mg/m2 D-5/0 
 MTX 3.5 g/m2 D1 
 AraC 2 g/m2 x 2/d, D2-3 
 Thiotepa 30 mg/m2 D4 
 x 3 weeks 

Response assessment 

CR – PR - SD PD – Tox 
 SC Harvest 

WBRT 40 Gy 
± Boost 9 Gy 



Treatment at recurrence 

• No standard of care 

Individual decision based on previous treatment, response to 

initial therapy, performance status, age…. 

• Available options   

HD-MTX re-challenge 
Other chemotherapeutic drugs (topotecan, temozolomide…) 
High-dose chemotherapy + stem cell transplantation 
WBRT 



Elderly PCNSL patients: a particular challenge 

• Median age of PCNSL patients: ~ 60 years 

• Definition of “elderly“ is imprecise: 

 > 60 years? 

 > 65 years? 

 > 70 years?  

 

• Therapeutic relevance: age is an inclusion criterion in 
many trials 

• (Neuro)toxicity is a particular concern in the elderly 



PFS OS n=526 

< 70 years 
> 70 years 

< 70 years 
> 70 years 

Elderly PCNSL patients in G-PCNSL-SG1 



PFS (months) OS (months) 

No-CR patients 

> 70 years  3.2 17.3 

< 70 years  3.5 22.3 

CR patients 

> 70 years  16.1 26.7 

< 70 years  35.0 44.2 

Roth et al., Neurology 2012 

Elderly PCNSL patients in G-PCNSL-SG1 

=> Relapses occur earlier in elderly patients 



MTX/TMZ vs. MPV-A in elderly patients 

Omuro et al., Lancet Hematol 2015 

     
• Randomized phase II trial 

 
• 95 patients, median age 72 years (60–85) 

 
• Treatment arms: 

 
• MTX 3.5 g/m2 + Temozolomide 

 
• MTX 3.5 g/m2 + Procarbazine, Vincristine, AraC 

 
• Primary einpoint: PFS at 1 year (PFS-1) 

 
• Toxicity (Grad 3/4): no difference 

 
• CR rate: 45% (MT) vs. 62% (MPV-A) 



OS 

Omuro et al., Lancet Hematol 2015 

MTX/TMZ vs. MPV-A in elderly patients 



n age Treatment CR PR PFS OS 

Omuro 23 68 MTX, Temozolomide 55% 0% 8 35 

Hoang-
Xuan 50 72 

MTX, CCNU, PCZ, 
Prednisolone. MTX and 

AraC i.th. 
42% 6 % 10.6 14.3 

Illerhaus 30 70 MTX, CCNU, 
Procarbazine 44% 26% 5.9 15.4 

Fritsch 28 76 MTX, CCNU, PCZ, 
Rituximab 64% 18% 16 17.5 

Roth 126 73 
MTX, ifosfamide,  

+/- WBRT 
30% 14% 4.0 12.5 

Omuro 95 73 
MTX, PCZ, VCR, AraC 

MTX, TMZ 

62% 
45% 

26% 
20% 

9.5 
6.1 

31 
14 

  MTX-based therapy in elderly patients 
 Prospectively collected study data 

http://i.th/


• Cure is probably restricted to younger patients 
  => cure might even be achieved when the tumor recurs 

• Standard of care is only poorly defined 
  => further trials are urgently needed  

 

 

• Whenever possible, HD-MTX should be administered 

• Avoid WBRT when possible  
   • Open questions:  

• Role for rituximab? 
• Optimal treatment for elderly/frail patients? 

 

Conclusions 





Biopsy of brainstem glioma is standard Ix! 

A. True 
B. False 



HGG biology is the same in children as in adults! 

A. True 
B. False 



The brainstem is a frequent location of childhood HGG. 

A. True 
B. False 



Infants (<3 yrs) with HGG have a worse prognosis than older 
child 

A. True 
B. False 



Management of high grade 
glioma in children 
Darren Hargrave 

Consultant Paediatric Oncologist,  

Neuro-oncology & Experimental Therapeutics 

Great Ormond Street Hospital. London, UK. 

03/01/13 

Evidence based management of individual tumour types 



PAEDIATRIC HIGH GRADE GLIOMA:  
BACKGROUND 



Paediatric brain tumours 

LGG
30%

MB
20%

HGG
10%

BST
15%

GCT
5%

CF
5%

Other
5%

EP
10%

HGG (WHO grade III – IV): 15-25% of all CNS tumors in children 



High Grade Glioma in children 

 
 



Pathology 

• WHO Classification (2007) 
– Malignant Glioma- grade III & IV (High 

Grade) 
– Anaplastic Astrocytoma 
– Glioblastoma Multiforme 
– Gliosarcoma 
– Plus Mixed Oligo-Astrocytomas 

 



High Grade Glioma: Aetiology 
• In most cases is unknown 

 

• Previous radiation treatment  
 

• Genetic disease 
     -   Neurofibromatosis type I: mutation in the NF-1 

- Li-Fraumeni Syndrome: defect in TP53 
- Turcot syndrome: defect in the APC gene and/or a mutation 

in DNA mismatch repair (MMR) genes 
 -  Mismatch repair deficiency of the MSH6 mismatch repair 
 

 
 

   
 



Epidemiology 
• Incidence: 15-20% of all childhood CNS 

tumours 



Clinical Presentation- non-brainstem HGG 

Raised ICP Focal Signs Focal Signs 
Post. Fossa Hemispheric 

Headache Ataxia Seizures 
Vomiting Nystagmus Spasticity 
Behavioural Diplopia Memory deficits 
Conscious level Brainstem Behaviour 
Papilloedema Facial weakness Mid-line  
VI N palsy Dysphagia Growth deficits 
Reduced Vision Ocular palsies Visual deficits 
Head tilt Spasticity Appetite 
Infant irritability Behavioural Endocrine 
Head circumference Ataxia School performance 



Diagnosis: HGG 

Clinical findings raise a diagnostic 
concern 

Diagnosis is corroborated by MRI 
 
 

Surgery/biopsy is performed  
in majority of cases 



Brainstem Glioma in Children 



Brainstem tumors 

1) Diffuse intrinsic (75-85%) 

 

2) Focal (5-10%) 

 

3) Dorsal exophytic (10-20%) 

 

4) Cervicomedullary (5-10%)  



Diffuse Intrinsic Pontine glioma (DIPG) 
Comprise 10-15% of childhood CNS tumours 
• Incidence USA ~ 125 cases/year, UK ~ 25/year. 
• Median age at presentation is 6-7 years 
70% are diffusely infiltrating and involves the pons 



Focal or exophitic Brainstem glioma   

• Symptoms often been present for months  
 

• Typical histology is a low grade 
 

• 5 years survival 50-60% 
 

• Radiotherapy and chemotherapy can improve survival 
 

 
 



• Short duration of symptoms (median 1-3 month) 
• Hydrocephalus is not common 
• Common triad  

– Cranial nerve palsies 
– Pyramidal tract signs 
– Cerebellar signs 

DIPG: Clinical Presentation 

Eye movement 
disturbances, diplopia, 
facial weakness, 
dysphagia, dysarthria 

 
Weakness of one or more 

limbs 
 
Ataxia of limbs  trunk  



DIPG: Clinical Presentation 

• A fluctuating course is not rare 
• Changes in mood and behavior can precede obvious 

neurological features 
–  pathological laughter  

• Other presentation symptoms 
– Unexplained vomiting 
– Urinary problems 
– Respiratory insufficiency 



Diagnosis: DIPG 

Clinical findings raise a 
diagnostic concern 

Diagnosis is corroborated by 
MRI 

 
 

Biopsy is only performed if 
tumor has atypical radiological 

features 



DIPG: To biopsy or not to biopsy? 



Ethics of Biopsy? 

Altruism 

Individual 
benefit/ safety 







Diffuse Intrinsic Pontine Glioma (DIPG) 

http://www.flags.net/UNKG.htm
http://www.flags.net/ITAL.htm


What is the standard of care for DIPG? 



Initial studies utilizing hyperfractionated radiation 
therapy with total doses up to 72 Gy (1 Gy twice day) 
suggested a modest improvement in survival of 
children with brainstem gliomas compared to radiation 
alone, and compared to radiation with neoadjuvant or 
adjuvant chemotherapy 

Packer et al. 1993 
 

However, subsequent trials using radiation doses up to 78 
Gy did not confirm this finding Packer et al. 1994 

 

Radiotherapy 

Brainstem glioma 



HFRT for DIPG 

Toxicity included intralesional necrosis and steroid 
dependency at the intermediate and highest dose 
levels, as well as vascular events in a small # of pts 
treated at the highest dose levels 

Doses as high as 78 Gy did not result in any significant 
improvement in time to progression, MST, or survival 
at 1 and 2 yrs 



Hypofractionated Radiotherapy in DIPG? 





03/01/13 



03/01/13 



03/01/13 



03/01/13 



Why have we failed? 



Why have we failed? 
• Lack of biological knowledge! 

– Biopsy 
– Autopsy 

• Lack of preclinical models! 
– Cell lines 
– Xenografts (orthotopic) 
– Transgenic models 

• Lack of drugs! 
– Many possible targeted agents. 

• Poor drug delivery!  
– Need solutions. 



Lack of biological 
knowledge! 
 

The genomic landscape of diffuse intrinsic pontine glioma and pediatric non-
brainstem high-grade glioma 
Gang Wu et al.  
  
Genomic analysis of diffuse intrinsic pontine gliomas identifies three 
molecular subgroups and recurrent activating ACVR1 mutations 
Pawel Buczkowicz et al. 
  
Recurrent activating ACVR1 mutations in diffuse intrinsic pontine glioma 
Kathryn R Taylor et al.  
  
Recurrent somatic mutations in ACVR1 in pediatric midline high-grade 
astrocytoma 
Adam M Fontebasso at al.  
 









Why have we failed? 
• Lack of preclinical models! 

– Cell lines 
– Xenografts (orthotopic) 
– Transgenic models 









Pre-clinical Models 



Rapid Preclinical 
Development of a Targeted 
Therapy Combination for 
DIPG 



Preclinical Consortium 









 
 
 









Why have we failed? 
• Lack of drugs! 

– Many possible targeted agents 
– Immunotherapy 



EGFR, PDGFR & 
IGFR inhibitors 

RAD51, WEE1, 
CHk1/2 inhibitors 

WEE1, CHk1/2 
inhibitors 

VEGF, PDGFR, 
inhibitors 

Integrin 
inhibitors 

DC/ Peptide 
vaccines 



DIPG Specific Targets! 

• Histone H3 mutations 
– restore H3K27 methylation? E.g. selective inhibitor 

of the H3K27 demethylase JMJD3 
–  complex interplay of mutant histones ? Target 

histone acetylation but HAT or HDAC? 

• ACVR1 
• Immunotherapy 





Why have we failed? 
• Poor drug delivery!  

– Is it a real problem? 
– Need solutions. 



Poor Drug Delivery 





CED DIPG Trials 

• An Open Label Dose Escalation Safety Study of Convection-
Enhanced Delivery of IL13-PE38QQR in Patients With 
Progressive Pediatric Diffuse Infiltrating Brainstem Glioma 
and Supratentorial High-grade Glioma. NCT00880061 

 
• Convection-Enhanced Delivery of 124I-8H9 for Patients With 

Non-Progressive Diffuse Pontine Gliomas Previously Treated 
With External Beam Radiation Therapy. NCT01502917 

 











Intra-arterial Clinical Trials 
• Intra-arterial Chemotherapy for the Treatment of Progressive Diffuse Intrinsic 

Pontine Gliomas (DIPG). NCT01688401 
• Phase I/II Trial Of Super-Selective Intraarterial Infusion Of Erbitux (Cetuximab) And 

Avastin (Bevacizumab) For Treatment Of Relapsed/Refractory Intracranial Glioma In 
Patients Under 22 Years Of Age. NCT01884740 

 



Nanoparticles 



Intranasal Delivery 



Biopsy directed therapies 

• Molecularly Determined Treatment of Diffuse 
Intrinsic Pontine Gliomas (DIPG). NCT01182350 
–  up-front stereotactic biopsy of classic DIPG used to 

stratify patients to different therapies based on the 
MGMT (temozolomide) and EGFR (erlotinib) 
expression in combination with focal radiation therapy 
and bevacizumab 

 
• BIOMEDE- Biologically-driven phase I/II study in 

children and adolescent with DIPG 
 

 



BIOMEDE Study 

EGFR TKI + RT 
(erlot inib)  

EGFR +++ ( IHC)  
EGFR amplif . (FISH)  
No PTEN loss ( IHC)  

PDGFR TKI + RT  
(dasat inib)  

PDGFRA amplif . (FISH)  
PDGFRA mut at ed ? 
PDGFRA +++ ( IHC) ? 

mTOR inhibit or + RT 
(everolimus)  

No EGFR alt erat ion 
No PDGFRA alt erat ion 
PI3KCA mut at ions  

  Diagnosis (clinic+Rx) 

St ereot act ic biopsies 

Marker screen (FISH/ IHC)  

CGHarray/ mut at ion screen 



Three major targets selected 

• EGFR 
– Rarely amp/mut, frequently overexpressed 

• mTOR pathway 
– Activated by genomic alteration in ½ of DIPG 

(Taylor et al, Nat Genet in press). 
– PTEN loss in 80% of DIPG. 

• PDGFRA pathway 
– PDGFRAamp/mut in 20% of DIPG 



30% 1% 

3% 

3% 

30% 

10% 
10% 

PTEN LOSS 

PDGFRA AMP 

EGFR POS 



Three drugs selected 

• ERLOTINIB to target EGFR  
– Geoerger N0 2010 and others. 

• EVEROLIMUS to target mTOR pathway 
– Geoerger EJC 2011 in recurrent DIPG. 

• DASATINIB to target PDGFRA pathway 
– Broniscer CCR 2013 in combo with vandetanib 

together with RT in newly diagnosed pts. 
– Dasatinib is also targeting other TKI. 



R2 R1 

No R 

R1 

R3 

R2 
R3 

PTEN LOSS 

PDGFRA AMP 

EGFR POS 

R1=Erlo/Dasa 
R2=Ever/Dasa 
R3=All three 



Clinical and Radiological 
diagnosis of DIPG 

ICF1 for biopsy 

Exome sequencing 
100X 

GE profiling 

At relapse  
Drug Selection 

Histological 
Confirmation 

Biomarker Screen 

At diagnosis 
ICF2 for R1,2,3 

Uncertain diagnosis 
biopsy 



Diagnostic workout 

Loss of H3K27trimethylation mark Histone H3 variant mutations 



Prognostic impact  
of histone mutations 



Extent of resection 
Histological grade (Grade III vs IV) 
Gender (female favourable) 
Radiation Dose > 54 Gy 
Proliferation index 
p53 overexpression (less favourable) 
Tumor location: with the poorest outcomes associated with 
pontine & thalamic locations 

High grade glioma 

Prognostic factors 



Current standard treatments & 
outcomes for pHGG 
 
 



Surgery 

The goal of the surgery is: 
 
 - obtain tissue for pathological analysis  
 
-achieve an “uncomplicated” gross tumour resection (GTR) 
 

-control possible neurological symptoms associated with 
mass effect 
 

 
 

GTR (over 90% resection) is associated with a longer PFS 



Children’s Cancer Group 945  
 
131 patients  with a diagnosis of AA or GBM 
 
•Surgery biopsy (<10% resection) 
•Partial resection (10-50%) 
•Subtotal resection (50-90%) 
•Radical (90%) 
 

PFS at 5 years rate of 35% in radical resection compared with 17% in 
subtotal resection (p= 0.006) 
 
AAs    PFS at 5 years 44% in radical vs. 22% in subtotal (p= 0.055) 
GMB  PFS at 5 years rate of 26% in radical vs. 4% in subtotal (p= 0.046) 

Wisoff et al. J Neurosurg 1998 

Surgery 



  Improvement of  
     local tumour control 
  Using the advantages of  
     modern treatment techniques 
  Combination with  
     chx. / „radiosensitizers“  

Aims of radiotherapy 

High grade glioma + brainstem glioma 



Criteria for treatment planning 
 
 Location 
 Shape 
 Tendency to infiltration 
 Imaging    

High grade glioma 

Targeting 
Definition of 
GTV, CTV, PTV 



Pre- or postoperative definition of CTV ? 
Technique / timing of imaging ? 

MR pre-op. CT 1 day postop. 

10 cm 8.5 cm 7 cm 

High grade glioma 

MR 2 weeks post-op. 



ICRU 50 target 
volumes 

 
 
The PTV can be 

eccentric 

GTV, CTV, PTV 

Target volumes 



Rationale for chx. before RT 
Open blood brain barrier (surgery) 
lesser toxicity of agents,  greater selection  
of protocols, reduction of tumour burden 

Rationale for chx. during RT 
Radiosensitization 

Rationale for chx. after RT 
Elimination of persistent tumour cells 
Maintenance approach to prevent early relapse 

Chemotherapy in childhood HGG 
Rationale 



Phase III studies 

High grade glioma 

CCG (1989) (WHO III+IV)  58  EFS (5 years) 0.026  
RT      18%   
RT +  (CCNU,VCR,Pred.)  46% 
CCG (1995) (WHO III+IV)   PFS (5 years)   
RT+ (CCNU,VCR,Pred.)  85 33%   n.s. 
RT + „8 in 1“   87 36% 

HIT – GBM A (2001) (Gr. IV)  med. survival  
RT+ Troph/VP16   22 12 mon  
      (22% 4 y. EFS)   n.s. 
RT / control (no chx.)  13 12 mon.  
      (4% 4 y. EFS)  

                     Study              Pat.       survival      Signif.  



CCG 943 clinical trial 
Radiotherapy  

Radiotherapy 
 

 

R
andom

ised 

58 Children 
with HGG 

Prednisone, Vincristine , Lomustine  

5 yrs PFS 46% in RT + CT vs. 26% RT alone   

Sposto R et al. J Neurooncol 1989 

This benefit was most evident in GBM histology  

High grade glioma 



Phase III study CCG943   
RT  + CCNU, Vincristine, Prednisone versus RT alone 

High grade glioma 

Sposto et al., 1989  



Radiotherapy  

Radiotherapy 
 

 

R
andom

ised 

85 Children 
with HGG 

Prednisone, Vincristine , Lomustine  

Finlay JL et al. JCO 1995 

8 drugs in 1* 

*vincristine, CCNU, procarbazine, hydroxyurea, cisplatin, mannitol, cytarabine, 
dacarbazine, methylprednisolone 

CCG 945 clinical trial 

CT pre and post-RT 

High grade glioma 



Chemotherapy and autologous stem cell rescue   

Grovas AC et al. Med Pediatr Oncol 1999 

Thiotepa, BCNU, and 
etoposide 

11 Children 
with HGG 

 
ASCR 

 

 

This study was closed early after 5 of the 11 treated. Patients developed significant 
pulmonary complications 

 
 

CCG 9922 study 

 
Focal RT* 

 

 

*Focal RT daily — Total dose 54 Gy 
 

2-year PFS rate of 46% 



Chemotherapy and autologous stem cell rescue   

Massimino M et al. Neuro-onco 2004 

Cisplatin, etoposide, vincristine 
,cyclophosphamide high-dose 

methotrexate, 
 high-dose thiotepa 

21 Children 
with HGG 

 
ASCR 

 

 

 
Focal RT* 

 

 

*Focal RT daily — Total dose 50-60 Gy 
 



The most appropriate candidates for ASCR are those with complete or 
near-complete resection before myeloablative therapy 

Chemotherapy and autologous stem cell rescue   

But… 

Marachelian A et al. Bone Marrow Transplant 2008 

• At the expense of significant morbidity and mortality as a 
consequence of the regimens themselves. 
 

• The associated side effects and resultant poor quality of life 
have led many investigators to question the benefit of high-
dose chemotherapy with ASCR despite the potential for 
better disease control. 

The use of high-dose chemotherapy with ASCR may contribute to long-
term disease control  



OS n=21 pts PFS n=21 pts 

1.00 

0 
0.00 

0.20 

0.40 

0.60 

0.80 

1 2 3 4 5 6 7 8 Years 
21 13 12 10 10 9 5 3 2 

21 10 8 7 6 6 2 1 1 

At risk 

Infant HGG (< 3 years)  
can be spared from radiation therapy with a good outcome  

In children < 3 years: 
French study BB-SFOP  
(Dufour et al., Eur J Oncol 2006) 

Single arm phase II study of radiation-sparing 
approach in young children with newly  
diagnosed HGG 

neurosurgery + carboplatin/procarbazine,  
cisplatin/etoposide and vincristine/ 
cyclophosphamide over a 16-month period 

XRT only in case of recurrence or progression   

  Medium age = 23 months  

  5-year OS = 59%  

  5-year PFS = 35% 

  Median f/u = 5.2 years 

  Last f/u: 12/12 children alive (10 without XRT) 
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What is the standard Rx in pHGG? 

? Influence from Adult GBM studies 



Adult Glioblastoma- 1st Line therapy 





EFS and OS rates of 90 HGG patients  

Fig. 1. EFS and OS rates of HGG 
patients enrolled in ACNS0126 
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Radiotherapy 
+ 

 TMZ 

 

90 Children 
with HGG 

CCG ACNS0126 - Phase II trial 

 
TMZ (200 mg/m2) 

 

 

Cohen K et al. Neurooncol 2011 

TMZ 90 mg/m2 for 6 weeks,  
then 200 mg/m2 5 day/28 day for 10 
cycles  

Focal RT daily — Total dose 54 Gy 
 

High grade glioma 



Cohen K et al. Neurooncol 2011 

At 2 yrs EFS 17% neg. MGMT  Vs.  5% pos. MGMT (p = 0.045). 

MGMT overexpression was adversely associated with survival 

High grade glioma 



PAEDIATRIC HIGH GRADE GLIOMA:  
ARE THEY THE SAME AS HGG IN ADULTS? 











Novel, specific mutations at key histone H3.3 residues 
in paediatric GBM 

K27M G34R/V 

Identification of somatic H3F3A mutations 







Tumour location & Shared Targets? 

Cerebral hemispheres 

Histone H3.3 mutations produce anatomically distinct tumours 

G34 

K27 

Thalamus 

Pons 

Spine 



SHARED TARGETS 
Can extrapolate & even study together? 

Paediatric and Adult HGG 
Similarities and Differences 

Distinct molecular categories Targets/Therapies 

Paediatrics Paediatrics Adults Adults 

Proliferative 
 

Mesenchymal 
 

Proneural 
 

X 
 

Y 
 

Z 

? 
 

IDH 1/2 
 

Histone  
H3F3A 

TMZ 
 

    EGFR PDGFRA 
 

VEGFR 
 

Immunotherapy 
 

 



Define a common backbone! 

At present for pHGG & aHGG 
Chemo-radiotherapy with temozolomide 

DIPG- radiotherapy only 
Common shared targets? 

Majority express target 
Histone H3F3 as common target pHGG & 

DIPG? 
High target presence in both pHGG and aHGG? 

E.g.  ?VEGFR/ Integrins/ immunotherapy 



Recent Trial in HGG 

HGG Efficacy & Tolerability 
Research of Bevacizumab in Young 
children & adolescents 



The anti-angiogenic 
properties of bevacizumab  
may have an important 
role to play in children with 
newly diagnosed HGG 

Anti angiogenesis in HGG 

Adapted from Hanahan and Weinberg, The Hallmarks of Cancer. Cell (2011) 144, 5:646-674  



HERBY Trial design 



Participating countries in this study 
 

~15 countries 
~82 sites 

120 evaluable patients: 3-18 years 
10 patients: 6 months – 3 years 

North America 
• Canada 

Europe 
• Austria 
• Belgium 
• Czech 

Republic  
• Denmark 
• Finland 
• France 
• Hungary 
• Italy 
• Netherlands 
• Poland 
• Spain 
• Sweden 
• UK 

Asia-Pacific Region 
• Australia 
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BO25041 Recruitment projection 

Patients Randomized (actual) Linear (Patients Randomized (actual)) 

Required Recruitment to fulfil PIP Requirement 

Recruitment  requirement  
to meet PIP  Obligation  

March 2015 

Recruitment Target has 
been reached 2 months 
prior the PIP Obligation 

121 Patients Randomized 
02 FEB 2015 

Futility Analysis 
Clinical cut-off  03 Oct. 

2014 (based on 60 
patients Randomized on 

05 Oct 2013) 

119 
121 



S.Sathornsumetee et al. Cancer 2007 

Novel approaches: Targeted agents and HGG 



BRAF in Paediatric CNS Tumours 



Frequency of BRAF mutations 

• ~8% of all Cancers 
• 100% Hairy Cell Leukaemia 
• 50% of Melanoma 
• 45% Papillary Thyroid Cancer 
• 30% Borderline Ovarian Ca. 
• 10% Colorectal Cancer 
• 2% NSCL Cancer 

Most common mutation (BRAF V600E)—substitution of valine with 
glutamic acid at amino acid position 600 — locks BRAF into its active 
conformation, which has at >10 x higher activity than WT-type BRAF 

 







MAPK Pathway Inhibitors 



SELECTIVE BRAF INHIBITORS  





Vemurafenib 

Dabrafenib 







BRAFV600 Mutations –pHGG Target? 

• Good Target? 
• PROs 

– Established oncogene with known mechanism 
– Established clinical drugs & validated biomarkers 
– Proof of mechanism and concept proven in melanoma 

• CONs 
– Low prevalence in pHGG (6-8%) 
– Target can be heterogenous in tumours 
– Resistance can be inherent or acquired 



BRAF PATHWAY  

PAEDIATRIC EXPERIENCE  



Brain Tumour Delivery with BRAFi? 
Worked in Melanoma Brain Mets! 

















PAEDIATRIC HIGH GRADE GLIOMA:  
CONCLUSIONS 



Conclusions 
In order to make progress in pHGG, DIPG or aHGG 

Biologically targeted therapies are needed 
Biomarkers are required for patient selection 
Accurate preclinical models needed 
 

Extrapolation of data/ studies only possible for 
Shared targets and defined molecular groups 
Needs to be confirmed if these targets are relevant 

in different tumour entities  
e.g. DIPG> pHGG > aHGG 
 



Conclusions 
Need to develop and validate new response criteria e.g. 

RANO & RAPNO 
 
Must consider drug delivery as a vital component of neuro-

oncology trials & possible reason for an active agent 
failing! 

 
Efficient, adaptive and flexible clinical trial designs 

allow study of multiple arms  
combination targeted therapies 
parallel and sequentially  
 





Umberto Ricardi  

Management of medulloblastoma  
in children  



Medulloblastoma 

 Most common malignant CNS 
tumour in children 

 
 Tremendous progress over last 20 

years 
 Treatment  
 Biology >>> several distinct subtypes 



Medulloblastoma 

Posterior fossa PNET 

Small round blue cells tumor 



Medulloblastoma 

 15-20% of all CNS tumors in children  

 

 Bimodal peak incidences at ages 3-4 and 8-9 years 

- 10/15% in infancy  

- 70% <16 years  

- Very rare after age 40  

 

 Rate M:F 1.4 : 1  



Medulloblastoma - Clinical presentation   

- Typical midline location, arising in the vermis, causing 
IVth ventricle compression (symptoms and signs of 
raised intracranial pressure)  
 

- Hemispheric location more common in very young 
children and adults 



Medulloblastoma: pattern of spread  
- Frequency of leptomeningeal seeding at diagnosis 30-

35%  
 
- Extra CNS metastases very uncommon (<5%) [lymph 

nodes, bone, bone marrow]   





Medulloblastoma - Work-up  
- Pre-op craniospinal MR imaging   

 
- Post-op cranial MR (24-48 hours after surgery) 
  
- Lumbar CSF cytology > 14 d post-op  



Medulloblastoma - Prognosis  

Also….Pathologic/molecular subtype 

 Extent of primary tumour/ 
completeness of surgical resection 

 Presence or absence of 
leptomeningeal seeding 

 
 Also… 
 Pathologic/molecular subtype 

Prognosis depends on… 



Medulloblastoma - Prognosis  

Also….Pathologic/molecular subtype 



SIOP PNET 4 : survival by histologic subtypes 

03/01/13 



Comparison of the various subgroups of medulloblastoma including their affiliations 
with previously published papers on medulloblastoma molecular subgrouping 

Taylor, et al, Acta Neuropathol, 2012 



Histology + molecular variables 

 3 risk categories 
 Low (13%) 

 β-catenin+, M0, not large cell/anaplastic, no 
MYC amplification 

 High (28%) 
 M+ or 
 LC/A or  
 MYC amplification 

 Standard (59%) 
 All others 

Ellison  JCO 2011 



Medulloblastoma: the (near) future 

 Patients will be stratified for 
treatment on the basis of biological 
markers 
 Low risk: reduce therapy → reduce risks 

associated with treatment 
 High risk: intensify treatment/use novel 

treatment approaches  
 Possibility of developing agents that 

would target specific molecular 
aberrations  



New risk groups 



Medulloblastoma: the management  

- Standard risk Medulloblastoma  
 

 



Post-operative treatments 

• Craniospinal irradiation  
 

 Clinical target volume = whole 
brain + spinal cord with overlying 
meninges 

 CSI: 36 Gy, followed by local 
boost to 55 Gy 

 Cure rates: 60-80% 
 

• ± Chemotherapy 
 

 



Late toxicity related to CSI 

Due to radiotherapy to the brain 
Neuro-cognitive deficits/effects on social interactions 
Hypopituitarism 
Alopecia 
Cataracts 
Hearing loss 

Due to radiotherapy to the spine 
Short stature 
Primary hypothyroidism 
Impaired lung function 
Effects on the heart 
Primary ovarian failure 

Both  
Second cancers… 



How can we reduce the risks associated 
with CSI? 

 
 Risk reduction 

 
 Reduce CSI dose 

 
 Use hyperfractionated RT? 

 
 

 
 



Medulloblastoma 
History of Chemotherapy Clinical Trials:  
 
 
 1970s-1980s:  
- Adjuvant chemotherapy  
- SIOP I,CCSG 942  

 
 
 
 

 1980s-1990s:  
- Pre-RT (Sandwich CT)  
- SIOP II, SIOP/UKCCSG PNET 3 
- Pre vs post RT  chemotherapy : HIT 91,CCG 921 
- CCG 9862 adjuvant chemotherapy  (CVP)  

Chemo better for high-risk subgroups  
Standard dose RT  (35-36 Gy 
established)  

Intensive sandwich CT better than RT 
alone (PNET 3) 
Immediate RT better than delayed   

Cisplatin, VCR,CCNU 
chemo standard and 
reduced dose RT (23.4 
Gy) established  



UKCCSG/SIOP PNET III 

EFS according to treatment allocated  
EFS according to time to complete RT   

64,2% 

78,7% 

Combined  CT-RT and completing RT 
within 50 days had a significant impact 

on EFS in multivariate analysis  



Reduced dose Cranio Spinal Irradiation with CT  
 

PFS 

 65 “Standard-Risk” patients:  
  
 RT doses 
       Craniospinal: 23.4 Gy 
       Posterior fossa: 55.2 Gy 
 
 Concomitant CT: 
 weekly Vincristine 

 
 Adjuvant CT: 
 Vincristine 
 CCNU 
 Cisplatin 

“These overall survival rates compare favorably to those obtained in studies using full-dose radiation 
therapy alone” 

Packer, J Clin Oncol 1999; 17:2127-36 



Medulloblastoma- Randomised studies of CSI RT dose  

 
POG 8631/CCG 932 (1986-1990) 
 
- 23.4 Gy – 52 % 5 year EFS 
- 36 Gy – 67 % 5 year EFS  
- p 0,08 (trial stopped for an increased risk of 
isolated neuraxis failure) 
  
- 23.4 Gy – 52 % 8 year EFS  
- 36 Gy – 60 % 8 year EFS  
- p 0,141  



Standard risk childhood MB  

• CSI 
Standard risk 

 23.4Gy/13 daily fractions of 1.8 Gy 

• Primary site  

 Total dose 54-55.8Gy 
 

• Plus chemotherapy 



A prospective randomised controlled trial of 
hyperfractionated versus conventionally 

fractionated radiotherapy in standard risk 
medulloblastoma: SIOP Trial PNET 4 



HIT2000/SIOP PNET-4 study for M0 
medulloblastoma 

Event Free Survival  

- Pts with post-op residual tumor > 
1.5 cc had a significantly inferior 
prognosis compared to pts 
without residual tumor (5 yrs-EFS 
64% vs 82%, p<0,01) 
 

- Pts with RT starting < 49 days 
after surgery had a 5 year EFS of 
81% compared with 67% for pts 
who commenced RT > 49 days 
after surgery (p=0.04)  



The posterior fossa boost 

 Whole posterior fossa  
 Limited volume/tumour bed 



CTV for the posterior fossa boost 

 Inferiorly 
 Bottom of C1 

 Laterally 
 Bony walls of the 

occiput and 
temporal bones 

 Superiorly 
 Tentorium cerebelli 

Drayer 1998 



The posterior fossa boost 

• Whole posterior fossa 
  



Radiotherapy technique 

• Options include 
Lateral opposed 
Posterior obliques 
3D CRT 
 IMRT 

• Principal consideration 
Least dose to OARs 



Whole PF: Lateral opposed → 3D CRT  

• No sparing of cochlea 
• Increased dose to hypothalamus/pituitary, 

optic chiasma, temporal lobes 



Whole PF: Lateral opposed → IMRT  

Better sparing of 
cochlea 
Reduced volume of 
supratentorial brain 
receiving high dose  



Whole PF vs tumour bed boost: ongoing trials 

Benefit: less dose to surrounding 
healthy tissues 



Whole PF vs tumour bed 

+ med dose of 6.4Gy to hypothalamus 
+ med dose of 18.4Gy to R hippocampus 

+ med dose of 15.4Gy to cochlea 

+ med dose of 2.4Gy to R supratentorial brain 



Reduced volume tumour bed boost 
Years of 
study 

Number 
of 

patients 

CSI/ whole 
PF dose 

Treatment 
volume for 
tumour bed 

boost 

Isolated 
failures in 
PF outside 

boost 
volume  

Merchant 
1999 

1994-
1996 

10 0-36Gy TB + 1-2 
cm + 0.5 

cm 

0 

Wolden 
2003 

1994-
2002 

32 23.4-36Gy TB + 1-2 
cm + 0.5 

cm 

1 (@ 84 
mo) 

Douglas 
2004 

1994-
2001 

33 23.4Gy TB + 2 cm 
to block 

edge 

0 

Carrie    
2005 

1998-
2001 

48 36Gy/36 fx 
(HFRT) 

TB + 1.5 
cm 

0 

Merchant 
2008 

1996-
2003 

86 23.4Gy/36 
Gy 

TB + 2 cm 
+  0.5 cm 

max 3 



Limit volume boost (ACNS0331) 

 3D planning mandatory using CT-
MRI co-registration  

 GTV based on pre-op extent of 
disease, taking account of shifts 
that have taken place since surgery 
i.e., any macroscopic residual + 
wall of surgical cavity 

 Margin for CTV of 1.5 cm 





CTV = GTV + 1.5 cm 



Meningocoele 



Surgical access? 



Medulloblastoma: the management  

 
- High risk medulloblastoma  

 



Medulloblastoma 

High risk: intensify 
treatment/use novel treatment 
approaches  



Historic outcome for conventional  RT and 
chemotherapy for M2-M3 MB  



Gandola L. et al, JCO, 27, 2009  

Milan HART Study 
- 1998-2007  
- 33 pts (M1 9, M2 6, M3 17, M4 1) 
- High dose chemotherapy approach 
- HART:  CSI 39 Gy; 1.3 Gy bid 
             posterior fossa boost up to 60 Gy; 1.5 Gy bid 

 
- 7 pts aged < 10 yrs who achieved CT after chemo received a 

lower dose to the neuraxis (31.2 Gy) 
 

- Median 82 months follow-up 
  
- 5 yr EFS 70% 
- 5 yr PFS 72% 
- 5 yr OS 73% 

 



UK HART: High Risk 
MB 



COG ANS0332 - Radiosensitisation study 

- Opened March 2007 
- Planned recruitment 300  
- RT: CSRT 36 Gy, post fossa 55.8 Gy 
- Maintenance chemo cisplatin/VCR/Cy  

R 

RT + VCR  

RT+ VCR + daily carboplatin 35 
mg/m2/day  



Radiotherapy dose  
 CSI 

 High risk 
 36(-39.4)Gy/20(-23) daily fractions of 1.8Gy 
 

 Primary site  
 Total dose 54-55.8Gy 



Long-term complications of treatment 

 Overall 62.3% of 
survivors of childhood 
cancer have at least 
one chronic health 
problem and 27.5% 
have a severe/life-
threatening one 

 
 Survivors of CNS 

tumours most likely to 
be functionally 
impaired 

Oeffinger, N Engl J Med 2006 



 MB poorest overall health of all CNS 
tumours 

 Multiple health problems 
 Very frequent 
 Some related to tumour, surgery 
 Worse with chemo-RT than with RT alone 



Late effects of CSI 



Late toxicity related to CSI 

Due to radiotherapy to the brain 
Neuro-cognitive deficits/effects on social interactions 
Hypopituitarism 
Alopecia 
Cataracts 
Hearing loss 

Due to radiotherapy to the spine 
Short stature 
Primary hypothyroidism 
Impaired lung function 
Effects on the heart 
Primary ovarian failure 

Both  
Second cancers… 



How can we reduce the risks 
associated with CSI? 

 Second cancers 
 Patients with MB at highest risk of a 2nd malignancy of 

all CNS tumours 
 Actuarial risk at 20-30 years 4-10% 

 Especially  
 2nd CNS tumour (glioma, meningioma)  
 Soft tissue sarcoma incl desmoid 
 Thyroid 
 Skin cancers 

 
 Risk reduction 

 Reduce dose outside the target 
 New techniques 



IMRT for the spine field 

 IMRT reduces high dose exposure to all 
organs at risk: 
 Thyroid 
 Lungs 
 Heart  
 Liver  
 Kidneys 
 Ovaries 
 
 

 … at the expense of increased low dose 
exposure 



Concluding remarks 

o Radiotherapy is an indispensable component 
in medulloblastoma treatment 
 

o CSI is a complex treatment that for optimal 
results must be done properly 

 
o Reduced dose to OARs is possible using new 

techniques 
 

o Tremendous progress in medulloblastoma 
treatment over the last 20 years 



Management of low grade glioma 
in children 

Darren Hargrave 

Consultant Paediatric Oncologist,  

Neuro-oncology & Experimental Therapeutics 

Great Ormond Street Hospital. London, UK. 

03/01/13 

Evidence based management of individual tumour types 



Pathology of LGG in adults and children is usually the same! 

A. True 
B. False 



Most common location for childhood LGG is cerebral hemisphere 

A. True 
B. False 



LGG in children  <1 year has a better prognosis! 

A. True 
B. False 



Malignant transformation rate in childhood LGG is ~30%. 

A. True 
B. False 



Low Grade Glioma in Children 

03/01/13 



Low Grade Glioma in Children 

03/01/13 





Pilocytic astrocytomas 

Tumor of cerebellum, often with cyst, 
biphasic, Rosenthal fibers, piloid cells 

Low Grade Glioma 



Juvenile Pilocytic Astrocytoma 

03/01/13 



Low Grade Glioma in Children 

03/01/13 



Low Grade Glioma in Children 

03/01/13 



Aetiology of Childhood LGG 

03/01/13 

NF-1 



Optic Pathway Glioma 



MAPK in pLGG 



From: Narrative Review: BRAF Opens the Door for Therapeutic Advances in Melanoma 

Ann Intern Med. 2010;153(9):587-591. doi:10.7326/0003-4819-153-9-201011020-00008 

MAPK Pathway 





MAPK activation in PA 





































HIT LGG 2004 PFS – astrocytoma WHO I vs WHO II 

survival function 
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PFS 

pilocyt. astro.°I n = 81; 3 y PFS  72.2 % 

Astro.°II n = 21; 3 y PFS  50.1 % 

P=0.004 

3 d conformal RT 
5 x 1.8Gy, 54 Gy  

RT in progressive disease 

Kortmann et al., unpublished, last update Nov 2011 

Radiotherapy in low grade glioma / children 

























Low Grade Glioma in Children 

Role of Chemotherapy 

03/01/13 

































FUTURE MANAGEMENT OF LGG 
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Olaf Witt 
SIOP LGG 201X 

Olaf Witt & Netteke Schouten van Meeteren 
on behalf of the SIOP LGG Trial Protocol Working Group 

Update   
LOGGIC Europe trial 

… because function & biology matters 
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Olaf Witt 
SIOP LGG 201X 

LGG: Versorgungsauftrag 
We Care for all LGG Patients …. 

NF1 
protocol 

 
Registry 
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Olaf Witt 
SIOP LGG 201X LGG principles…. 

1. Chronic disease 
2. Brain function matters 
3. Biology is key 
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Olaf Witt 
SIOP LGG 201X 

Studiendesign 
Aims of the Trial 

• Reduction of neurotoxicity 
• Introduce combined primary endpoint:  

+ PFS (MRI) 
+ neurological function (VABS II) 
+ visual function (VA, LogMAR) 

• Biology: biomarker for prediction of natural course of LGG, 
prediction response to chemotherapy/targeted therapy 

• Introduction of targeted compounds asap after promising phase 
II data 
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Olaf Witt 
SIOP LGG 201X 

Strategisches Konzept 
Trial design 

MEKi 

under discussion: 
• Introduce MEKi now 
• skip 12 vs 18 months randomization 
• keep adaptive design 

2 

2 

Primary objectives:  
=> PFS & CNS & visual function 
=> biomarker driven prediction of 
overall course of disease  
 
Secondary objectives:  
=> PA, DG2, infants, other LGGs 
=> outcome in molecular subgroups 
=> neuro-psychology, endocrinology, 
diencephalic syndrome, 
neurotox+pharmacogenomics  
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Olaf Witt 
SIOP LGG 201X 

• age: 0 -20.99 years 
• histologically verified LGG 
• collection of fresh frozen tumor tissue for biomarker 
determination mandatory.  
 Exception: single cases of stereotactic biopsy in which larger biopsy 
would  impose unacceptable risk to patient 
• Indication to start chemotherapy: progressive disease 
on MRI, neurological function, visual function,  
•all infants < 1 year 
 
no default first line radiation therapy 

Einschlusskriterien 
Key inclusion criteria  
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Warum molekulare Biomarker? 

Jones et al. 
Nature Genetics 2013 

=> Primary endpoint: 
 multistate model 
=> Response prediction 
=> Target available at relapse 
=> Planning targeted trials 
=> No increased risk 

Why biomarkers mandatory? 
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Olaf Witt 
SIOP LGG 201X 

Warum molekulare Biomarker? 

Meta-analysis SIOP LGG pre-clinical working group: 
⇒BRAF KIAA fusions type independent prognostics factor  

(multivariate analysis: age, location, histology, extend of 
resection) 

Why molecular biomarkers II ? 
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SIOP LGG 201X Tumor sample workflow 
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Studiendesign 
Why Vinblastine? 

• Single agent activity  
Bouffet et al., JCO 2012, Phase II, n=51, 5 year PFS 42%  

• Low neurotoxicity 
=> OPG/Thalamic tumors 

• Anti-angiogenic activity at low doses  
Klement et al., JCI 2000; Vacca et al., Blood 2004 

• Phase I Carbo+VBL 
Jakacki et al., 2011, Carbo +VBL at 400mg/m2/d + VBL 4mg/m2/d  
1 PR=>CR, 6 OR (1PR), 11 SD, 3 PD (total 21) 
7/9 OPG: improvement of vision  



Visual acuity (VA) as the primary measure  

• Aim to “measure the best possible corrected VA under the best 
possible conditions at every time point using an age-
appropriate test” 
 

• Use a quantitative continuous scale (logMAR based) 
 
• In case of poor cooperation and/or suspected visual decline “it 

is mandatory to retest the child” (within 1-2 weeks) 
 

• it is crucial to “exclude refractive error, amblyopia, or other 
non-OPG-related causes” 
 

• A national reference ophthalmologist necessary 

 
 

Heidelberg June 5th 2015, SIOP-BTG 



Visual indications to treatment 

Additional criteria only for OPG subgroup  
(other criteria may influence treatment indication i.e. infant age, radio 

progression, neurologic symptoms…)  

 
At diagnosis 

– Presence of visual-related  “severe symptoms” 
 

During observation 
– Visual decline (0.2 logMAR or more) in one or both 

eyes) 

Heidelberg June 5th 2015, SIOP-BTG 



Vision-related severe symptoms (WHO def)  

Low vision (> 0.5 logMAR) in 
the worse eye (threat to 

vision) 
 
 
 
 
 
 
 

Heidelberg June 5th 2015, SIOP-BTG 

Abnormal VA (≥0.2 logMAR)in 
both eyes (bilateral threat) 



Targeting BRAF and MEK pathway 
in LGG 



Outline 

• Biology of Low Grade Glioma  
• Sorafenib (NYU and collaborating Institutions) 
• Sunitinib (PBTC – NCI Sponsored Trial) 
• Dabrafenib (Company Sponsored – GSK; 

Transatlantic accrual) 
 



BRAF abnormalities – hallmark signature for PA 



Germline and 
Somatic 
mutations in PA 



BRAF driven mouse model of PA 



Sorafenib as a MEK inhibitor  



Sorafenib 

• Developed as a selective ATP-competitive RAF inhibitor 
• Inhibits CRAF (RAF-1) and BRAF , including BRAF v600E at 

low nanomolar concentrations 
• Also targets VEGF2/3, PDGFR, FGFR-1, FLT3 and c-KIT 
• Preclinical data suggest good CNS bioavailability (10% 

of systemic exposure) 
•  Most advanced RAF inhibitor in clinical space 
• FDA approved for treatment of renal cell carcinoma and 

hepatocellular carcinoma 
• Pediatric MTD determined and safety data established 

in Phase I trials  
 
 
 



Sorafenib – in vitro inhibitory concentrations 





 

 
 

 
 

 
 

PATIENT STRATIFICATION 







C: Patient #8 – NFI; no biopsy; PD 





RAF inhibitors prime wild-type RAF to activate 
MAPK signaling and enhance tumor growth  





A Phase 1 Study of AZD6244 in Children with Recurrent  
or Refractory Low Grade Gliomas:  A Pediatric Brain 

Tumor Consortium Report. 
Anuradha Banerjee, Regina Jakacki, Arzu Onar-Thomas, Shengjie Wu, Theodore Nicolaides,  David C. Turner, Stacye Richardson, Tina Young-Poussaint, Joanna 

Phillips, Michael Prados, Roger Packer, Ibrahim Qaddoumi, Sridharan Gururangan, Stewart Goldman, Ian Pollack, Austin Doyle, Clinton F. Stewart, James 
Boyett, Larry Kun, Maryam Fouladi 

 
Age > 3 and < 21 years  with recurrent or refractory low grade glioma 
that has failed prior chemo or radiotherapy 

Drug administered by mouth, daily, BID continuously 

One course=28 days, up to 26 courses of treatment allowed 

Dose limiting toxicity (DLT) observation period is end of 1st 28 day cycle 

3 dosage levels (DL) investigated 

DL0, 25 mg/m2/dose, BID 

DL1, 33 mg/m2/dose, BID 

DL2, 43 mg/m2/dose, BID 



A Phase 1 Study of AZD6244 in Children with Recurrent  
or Refractory Low Grade Gliomas:  A Pediatric Brain 

Tumor Consortium Report. 
 
 Subject characteristics 

• 38 eligible subjects 
• Pilocytic astrocytoma most common diagnosis (22/38) 
• Median age 13.3 years 



A Phase 1 Study of AZD6244 in Children with Recurrent  
or Refractory Low Grade Gliomas:  A Pediatric Brain 

Tumor Consortium Report. 
 
 Toxicity 

 • Dose limiting toxicities were headache, rash, mucositis, and elevation of 
amylase and lipase  

• Maximum tolerated dosage = 25 mg/m2/dose 
• At dose levels above 25mg/m2/dose, toxicities resulted in treatment 

discontinuation rate of 36% 



A Phase 1 Study of AZD6244 in Children with Recurrent  
or Refractory Low Grade Gliomas:  A Pediatric Brain 
Tumor Consortium Report 

Responses 

•8 subjects with radiographic partial response 

•6 of 8 PRs observed in subjects treated at MTD (25 
mg/m2/dose) 

•Objective response rate at MTD = 6/24 (25%) 

•5 of 8 subjects with PR had sufficient tissue for BRAF 
studies; 4 of these 5 had a BRAF mutation (n=1) or fusion 
(n=3) 



AZD 6244 - RESPONSE 



Largest Percentage Reduction in Tumor Volume from Baseline 
by BRAF Aberration (Min Tumor Volume/Baseline Volume) 



A Phase 1 Study of AZD6244 in Children with Recurrent  
or Refractory Low Grade Gliomas:  A Pediatric Brain 
Tumor Consortium Report 



PBTC29 – Phase II study 
Stratum 1 Stratum 2 Stratum 3 Stratum 4 Stratum 5 Stratum 6 

Patients with 
non NF-1 associated 
progressive, 
recurrent or 
refractory pilocytic 
astrocytoma with pre-trial 
tumor material available and 
with a BRAF aberration, 
excluding patients with optic 
pathway glioma 
 
 

NON  NF1 
With BRAF 
aberration 

Patients with 
non NF-1 associated 
progressive, 
recurrent or 
refractory pilocytic 
astrocytoma with pre-trial 
tumor material available 
and without BRAF 
aberration, excluding 
patients with optic 
pathway glioma 
 
 

NON  NF1 
without 
BRAF 
aberration 
 

Patients with 
NF-1 associated 
progressive, recurrent or 
refractory low 
grade glioma (WHO I or 
II), with or without tissue 
 
 
 
 
 
 

NFI with 
or without 
Tissue – 
non OPG  

Patients with 
non NF-1 associated 
progressive, 
recurrent or 
refractory optic pathway 
glioma (OPG) with or 
without tissue available 
for BRAF evaluation. 
 
 
 
 
 
 
 

NFI with 
or without 
tissue - 
OPG 

Patients with 
non NF-1 associated 
progressive, 
recurrent or 
refractory low grade 
glioma (other than pilocytic 
astrocytoma or optic 
pathway glioma).   These 
patients‟ tumors must have 
BRAF aberrations which 
will be determined by 
screening prior 
to enrollment on the 
treatment protocol. 
 
 Non NF-1;   Non PA  Must have   BRAF   aberrations 

Patients with 
non NF-1 associated 
progressive, 
recurrent or 
refractory low grade 
glioma (other than OPG) 
with tissue available for 
BRAF analyses who 
cannot be classified into 
Stratum 1, 2 or 
5 due to inadequate tissue 
quality, assay failure, etc 
 
 
 

Non NF-1; 
  
Must have 
  
BRAF  
 
Aberrations 
 
Does  not  
 
qualify for  
 
Stratum 1,2,5 



Phase 1 study of dabrafenib in pediatric patients with 
relapsed or refractory BRAFV600-mutant high-grade 

gliomas, low-grade gliomas, histiocytosis, and other solid 
tumors 

Mark W Kieran1, Darren Hargrave2, Ken Cohen3, Isabelle Aerts4,  
Ira J Dunkel5, Trent R Hummel6, Irene Jimenez4, Andrew Pearson7, Christine Pratilas3, James 

Whitlock8, Eric Bouffet8 , Violet Shen9,  
Alberto Broniscer10, Anne-Isabelle Bertozzi11, Joan Sandberg12*,  

Allison Florance12*, Benjamin Suttle12§, Patricia Haney12†, Mark Russo12*, Birgit Geoerger13 

1Dana-Farber Cancer Institute and Boston Children’s Hospital, Boston, MA, USA; 2Great Ormond Street Hospital for Children, London, UK; 3Johns Hopkins University 
School of Medicine, Baltimore, MD, USA; 4Curie Institute, Paris France; 5Memorial Sloan Kettering Cancer, New York, NY, USA; 6Cincinnati Children's Hospital Medical 

Center, Cincinnati, OH, USA; 7The Royal Marsden NHS Foundation Trust and The Institute of Cancer Research, London, UK; 8Hospital for Sick Children, Toronto, Ontario, 
Canada; 9Children's Hospital of Orange County, Orange, CA, USA; 10St. Jude Children's Research Hospital, Memphis, TN, USA; 11CHU de Toulouse - Hôpital des Enfants, 

Toulouse, France; 12GlaxoSmithKline, RTP, NC, USA; 13Gustave Roussy, Villejuif, France  
*Current affiliation: Novartis Pharmaceuticals Corporation, East Hanover, NJ, USA;  

§Current affiliation: Salix Pharmaceuticals, Raleigh, NC, USA;  
†Current affiliation: Pfizer Inc, New York, NY, USA 



Dabrafenib Activity in Adults With 
BRAFV600-mutant Melanoma 

Hauschild A, et al., Lancet 2012;380:358-365. 

• Best tumor response from baseline in adult patients with 
melanoma treated with dabrafenib 
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Dabrafenib Activity in Brain Metastases 

• Dabrafenib, at the 
recommended phase 2 dose, 
has activity against brain 
metastases in adult patients 
with melanoma1 

– Nine of ten (90%) melanoma 
patients with untreated brain 
metastases showed reduction 
in brain lesion size 

1. Falchook GS, et al. Lancet 2012;379:1893–1901. 
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BRAFV600 Mutations in Pediatric Tumors 

• ~60% papillary thyroid carcinoma1 

• ~60% Langerhans cell histiocytosis2 

• ~50% melanoma3,4 

• ~10% Low grade gliomas 
– ~10% fibrillary astrocytoma, pilocytic astrocytoma5  
– ~60% pleomorphic xanthoastrocytoma6  
– ~60% gangliogliomas7 

• ~10% malignant astrocytomas8 
 

1. Henke LE, et al. Pediatr Blood Cancer 2014;61:1168–1172;. 2 Badalian-Very G, et al. Blood 2010;116:1919–1923; 3.Daniotti M, et al. J Invest Dermatol 2009;129: 1759–1768; 4. Lu C, et 
al. J Invest Dermatol 2015;135:816–823; 5. Bergthold G et al. Neuro Oncol 2015;pii:nov045; 6. Dias-Santagata D, et al. PLoS One 2011; 6:e17948; 7. MacConaill LE, et al. PLoS One 2009; 
4:e7887; 8. Nicolaides TP, et al. Clin Cancer Res 2011;17:7595-7604. 
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Study Objectives 

• Determine the recommended pediatric phase 
2 dose (<18 years) 
– Maximum tolerated dose, or if not seen 
– Similar steady-state systemic exposure to adults 

(AUC, 4000–5500 ngh/mL)  

• Assess dabrafenib safety and efficacy in 
pediatric population 
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3.0 
mg/kg 

3.75 
mg/kg 

4.5 
mg/kg 

5.25 
mg/kg 

COMPLETED 

Children or adolescents with BRAF V600-mutant solid tumors 

Dabrafenib dose escalation 
(modified rolling 6 design) 

Eligible patient with 
solid tumors 
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Key inclusion criteria Key exclusion criteria 

RP2D, recommended phase 2 dose. 
*AUC (0-12) = 4,000-5,500 ng•h/mL.  

• Recurrent, refractory, or progressive disease 
after at least 1 standard therapy 
o (metastatic melanoma may be first line) 

• BRAF V600 mutation positive 
o (local test with central confirmation) 

• Prior treatment with dabrafenib, other RAF or MEK  
  inhibitor (part 2 only) 
• Other malignancy 

• MTD 
• RP2D 
•Exposure consistent with 
adult dose* 
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3.0 
mg/kg 

3.75 
mg/kg 

4.5 
mg/kg 

5.25 
mg/kg 

COMPLETED 

ONGOING 

Children or adolescents with BRAF V600-mutant solid tumors 

Dabrafenib dose escalation 
(modified rolling 6 design) 

Eligible patient with 
solid tumors 
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HGG 
(n = 10) 

Low grade glioma (LGG) 
(n = 10) 

LCH 
(n = 10) 

Other solid tumors (eg, PTC, melanoma) 
(n = 10) 

Dabrafenib 
•RP2D 
•PK 
• Safety, tolerability 
• Preliminary  
  antitumor activity 

Key inclusion criteria Key exclusion criteria 

RP2D, recommended phase 2 dose. 
*AUC (0-12) = 4,000-5,500 ng•h/mL.  

• Recurrent, refractory, or progressive disease 
after at least 1 standard therapy 
o (metastatic melanoma may be first line) 

• BRAF V600 mutation positive 
o (local test with central confirmation) 

• Prior treatment with dabrafenib, other RAF or MEK  
  inhibitor (part 2 only) 
• Other malignancy 

• MTD 
• RP2D 
•Exposure consistent with 
adult dose* 
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Methods 

• V600 mutation status established locally; central 
confirmation available 

• Dabrafenib given orally twice daily, starting dose of 3.0 
mg/kg/day 
– Formulations HPMC capsules (10, 25, 50, 75 mg strengths) and 

powder for suspension in water 
• Toxicity, pharmacokinetics, and response assessed at each 

dose level for patients aged ≥12 months to ≤12 years and 
>12 years 

• During assessment of filled dose level, enrollment allowed 
into lower tolerable dose levels (backfill) 

• Therapy to continue as long as patient is benefitting 
• Intrapatient dose escalation permitted 
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Baseline Patient Characteristics 

Dose cohort 
3 mg/kg  
(n = 3) 

3.75 mg/kg  
(n = 10) 

4.50 mg/kg  
(n = 8) 

5.25 mg/kg  
(n = 6) 

Total  
(N = 27) 

Mean age (years)  
Range 

8.7 
4−14 

11.6 
3−17 

6.5 
1−17 

7.7 
3−12 

8.9 
1−17 

Sex 
Female 
Male 

 
1 
2 

 
5 
5 

 
3 
5 

 
3 
3 

 
12 
15 

 
Tumor type 

3 HGG 5 HGG; 3 
LGG 
1 LCH; 1 PTC 

6 LGG; 1 LCH 
1 NB 

6 LGG 8 HGG; 15 LGG;  
2 LCH; 1 PTC;  
1 NB 

      - HGG 
histology 

 

2 AA; 1 AG 2 GBM; 1 
AGG 
1 AA; 1 APXA 

      - LGG 
histology 

1 JPA; 1GG;  
1 PMA 

4 JPA; 2 GG 1 PXA; 1 JPA;  
1 GG; 3 LGG 

   AA, anaplastic astrocytoma; AG, anaplastic glioma; AGG, anaplastic ganglioglioma; APXA, anaplastic pleomorphic xanthoastrocytoma ; 
GBM, gliobastoma multiforme; GG, ganglioglioma; HGG, high grade glioma; JPA, juvenile pilocytic astrocytoma; LCH, Langerhans cell 
histiocytosis; LGG, low grade glioma; NB, neuroblastoma; PMA, pilomyxoid  astrocytoma; PTC, papillary thyroid carcinoma; PXA, 
pleomorphic xanthoastrocytoma. 
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Results 

• Phase 1 portion completed 
– N = 27 patients  
– May 2013 to November 2014 

• Clinical data cut 7 March 2015  
• Duration on study from 9 weeks to 23 months 

(ongoing) 
• 20 of 27 patients remain on dabrafenib 
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Adverse Events 

• Most common AE class 
– Skin and subcutaneous tissue disorders 25 (93%) patients 

• Most common AE terms 
– Pyrexia 14 (52%) patients 
– Fatigue 12 (44%) patients  
– Vomiting 12 (44%) patients  
– Headache 11 (41%) patients 

• Dose-limiting toxicity (1 event) 
– Grade 3 transient maculopapular rash at 4.5 mg/kg/day 

dose 
• Patient remains on study at reduced dose (3.75 mg/kg/day) 
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Investigator-assessed Best Confirmed Responsea by Tumor Type 

Tumor type High-grade 
glioma 
n = 8 

Low-grade glioma 
n = 15 

LCH 
n = 2 

Other solid 
tumor 
n = 2 

Total 
N = 
27 

Best response, n 
Complete response 
(CR) 

3  
(2AA, 1 APXA) 

2 5 

Partial response (PR) 2  
(GBM, AGG) 

5  
(2 PA, PMA, GG, LGG) 

7 

Stable disease (SD) 7  
(3 PA, GG, PXA,  

2 LGG) 

1  
(PTC) 

5 

Progressive disease 3  
(GBM, AG, AA) 

1  
(PA) 

1  
(NB) 

5 

Not evaluable 2  
(GGb, GGc) 

5 

Response rate, n (%) 
  CR+PR 5 (63) 5 (33) 2 (100) 0 12 

(44) 
aExtracranial solid tumors assessed by RECIST (Response Evaluation Criteria In Solid Tumors); brain tumors assessed by 
RANO  (Response Assessment in Neuro-Oncology); bmissing data in eCRF: PI reports SD weeks 8-16; cmissing data in 
eCRF: PI reports PR weeks 16-24. 
 
AA, anaplastic astrocytoma; AG, anaplastic glioma; AGG, anaplastic ganglioglioma; APXA, anaplastic pleomorphic xanthoastrocytoma ; GBM, 
gliobastoma multiforme; GG, ganglioglioma; LGG, low grade glioma; NB, neuroblastoma; PA, pilocytic astorcytoma; PMA, pilomyxoid  
astrocytoma; PTC, papillary thyroid carcinoma; PXA, pleomorphic xanthoastrocytoma.  
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Summary 

• Dabrafenib was well tolerated in pediatric 
patients 

• Phase 2 recommended doses were identified and 
different in children ≤12 years and children >12 
years based on PK parameters 

• Radiographic responses (44%) and prolonged 
stable disease (19%) were seen across a number 
of tumor types driven by BRAFV600 mutations 

• The multistrata phase 2 component of trial is 
open and accruing around the world 
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Conclusions 
• MEK inhibitors are exciting new agents for low grade 

gliomas. 
• Imaging responses can be documented after prolonged 

exposure to therapy (4-6 months) 
• BRAF V600E specific inhibitors being tested in low-grade 

and high-grade gliomas;  responses have been observed in 
patients with progressive disease 

• Phase I/II studies ongoing with mTOR inhibitors, BRAF 
V600E inhibitors; MEK inhibitors and combination of BRAF 
inhibitors and MEK inhibitors 

• New paradigm for treatment of LGG that uses tumor 
biology to direct therapy 



Conclusions 

Low grade gliomas have a good prognosis 
(especially with NF1) 

 
Aim is to preserve function at least cost. 
 
Possible targeted therapies in the future. 



Adult Medulloblastoma 
Darren Hargrave 

Consultant Paediatric Oncologist,  

Neuro-oncology & Experimental Therapeutics 

Great Ormond Street Hospital. London, UK. 

03/01/13 

Clinical Trials 



Have you ever treated an adult MB patient? 

A. True 
B. False 



Adult Medulloblastoma: Data? 



Adult data needed for Clinical Trial Design? 

• Incidence? 
• Risk groups? 
• What is standard treatment? 
• Outcomes? 
• Biology & Novel therapy options? 
 

03/01/13 



Incidence of adult medulloblastoma? 

03/01/13 

SEER database from 1973 to 2007: 369 adult MBs 
Approx 11/year (children 10 x more likely to have MB) 



Risk Groups 

• Use same risk group as children 
• i.e. Chang staging metastatic disease 
• Pathology- LCA 
• Biology MYC amplified 
• Residual disease >1.5cm2 

• 33% adult MB High Risk 

03/01/13 



What would be your standard Rx for adult SR-MB 

A. CSI only 36Gy (54Gy PF). 
B. CSI only 23.4Gy (54Gy PF). 
C. CSI 36Gy (54Gy PF) + ChemoRx. 
D. CSI 23.4Gy (54Gy PF)+ ChemoRx. 
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Outcomes? 

03/01/13 



Outcomes? 

03/01/13 



Adult Medulloblastoma: Biology/ Novel Rx? 
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Rare cancer syndromes identify genes commonly mutated in 
sporadic medulloblastoma 

APC in 5% of cases 

PTCH in 10% of cases 

TP53 in 10% of cases 



Gorlin Syndrome 



The SHH signalling pathway 

Romer, J and Curran, T (2005).  Cancer Research.  65: 4975. 





Sonic Hedgehog & Corn Lillies 



Cancer Cell.  6: 229-240, 2004. 

•  HhAntag691 (Curis/Genentech) 
•  Blocks SMO function (10x cyclopamine) 

•  Blood-brain penetration 
•  Assessment using PTCH (+/-) mouse MB model 



Cancer Cell.  6: 229-240, 2004. 



The Hedgehog (Hh) Pathway 
 Hh signaling pathway is essential in mammalian 

embryonic development and adult tissue 
homeostasis1 

 Mechanism:2,3 
• PTCH inhibits SMO  
• Hh ligand binding to PTCH relieves inhibition of 

SMO 
• SMO signaling, via SUFU, activates GLI 

transcription factors 

 Constitutive activation can result from mutations 
(PTCH, SMO or SUFU) or overexpression of the 
ligands4–8 

• Hypermethylation of PTCH and the negative 
regulator HIP1 can lead to pathway activation9,10 

COS, conserved ortholog set; GLI, glioma-associated oncogene; Hh, hedgehog; HIP1, hedgehog interating protein 1; PTCH, patched; SMO, smoothened; 
SUFU, suppressor of fused 
1. Jiang J, Hui C. Dev Cell 2008; 2. Epstein EH. Nat Rev Cancer 2008; 3. Xie J. Acta Biochim Biophys Sin (Shanghai) 2008; 4. Slade I , et al. Fam Cancer 
2011; 5. Lee Y , et al. Cancer Res 2003; 6. Scott DK , et al. Cell Cycle 2006; 7. Zurawel RH, et al. Genes Chromosomes Cancer 2000; 8. Thompson MC, et 
al. JCO 2006; 9. Shahi MH, et al. BMC Cancer 2010; 10. Shahi MH, et al. J Neurooncol 2011. 

SMO 

Target  
Genes 



Assay Cell line IC50(nM) 
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Gli-1 mRNA 
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Gli, glioma-associated oncogene homolog zinc finger protein; Shh, Sonic Hedgehog 

Gli-1 mRNA (human) 
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Ptch +/-, p53 -/- MB model 

LDE225: Preclinical Summary 

 LDE225 is a novel oral inhibitor of 
Smo that potently inhibits Smo-
dependent proliferation in vivo in 
preclinical studies 
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E22
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LDE225 induced tumor regression is associated with 
Gli1 suppression in tumor 

Ptch+/-p53-/- mouse allograft 
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Pre-treatment Cycle 2 

Pre-treatment Cycle 2 

LDE225: responses in medulloblastoma 

Patient A (200 mg QD) 

 Prior surgery, radiation,  
4 chemotherapy regimens 
and autologous BMT  

 Partial response 
maintained for 4 months 

 
Patient B (1500 mg QD) 
 Prior surgery, radiation,  

4 chemotherapy regimens 
and autologous BMT  

 Partial response by PET 
scan maintained more 
than 7months 
 LDE225C2201 Pivotal Medulloblastoma | Confidential | Business Use Only 



Phase I/II: Study Design 

Dose escalation  
 

Oral, once-daily LDE225 in 28-day cycle 
Starting dose = 372 mg/m2 

 
Bayesian logistic regression model using overdose control* 

DLT evaluation at 6 weeks 
 

MB enrichment  
Enrollment to previously tested lower dose levels 

Declaration  
of MTD 

Safety expansion  
(n = 12) 

 
Once-daily LDE225 at declared 

MTD 

Primary endpoint  – ORR (regardless of Hh pathway status) 
Secondary endpoints – ORR and duration of response as a function of Hh pathway status, safety, PK  

Phase I Pediatric patients with recurrent/refractory MB, rhabdomyosarcoma, neuroblastoma, 
hepatoblastoma, high-grade glioma, or osteosarcoma 

Phase II Pediatric patients with recurrent or refractory MB  

Recommended Dose LDE225 
Pediatric MB patients (n = 30) 

Primary endpoint   – MTD, DLTs  
Secondary endpoints – Safety, PK, ORR, PD/biomarkers (validation of Hh gene expression signature)  

DLT, dose-limiting toxicity; Hh, hedgehog; MB, medulloblastoma; MTD, maximum tolerated dose; ORR, overall response rate; PD, pharmacodynamics; PK, 
pharmacokinetics; PR, partial response 



Phase I: Complete Tumor Responses in MB 

    Baseline                          Cycle 2                 Cycle 3 

11-year-old with recurrent 
desmoplastic MB  

372 mg/m2 

Treatment duration: 254 days 

    Baseline                           Cycle 2                 Cycle 5 

4-year-old with recurrent 
desmoplastic MB  

425 mg/m2 

Treatment duration: 280 days 



The 5-Gene Hh Signature 

GLI1 
SHROOM2 
SPHK1 
PDLIM3 

OTX2 
 
 U

p-
re

gu
la

te
d 

D
ow

n-regulated 

Control genes: HUWE1, YME1L1, SOD1, LARP1 

 The 5-gene Hh signature can 
robustly identify Hh-pathway 
activation in FFPE tumor 
samples by standard RT-PCR 

 Hh activation status 
determined by the 5-gene Hh 
signature is in 100% 
agreement with the Hh status 
determined by Affymetrix  

 A robust patient pre-selection 
tool for LDE225 treatment 

GLI1, glioma-associated oncogene homolog 1; HUWE1, HECT, UBA and WWE domain containing 1; LARP1, la ribonucleoprotein domain family, member 
1;OTX2, orthodenticle homeobox 2; SHROOM2, shroom family member 2; SOD1, superoxide dismutase 1, soluble; PDLIM3, PDZ and LIM domain 3; SPHK1, 
sphingosine kinase 1; YME1L1, YME1-like 1; ZP2, zone pellucida sperm-binding protein 2. 
Amakye D, et al. AACR 2012. Abstract #4818. 



Phase I: Best Overall Tumor Response and 
Correlation With 5-Gene Hh Signature in MB 

Responders/Hh-
activated 

Responders/Hh-
non-activated 

Adults 3/3 (3 PR) 0/4 

Children 2/2 (2 CR) 0/12 

Total 5/5 0/16 

CR, complete response; Hh, hedgehog; MB, medulloblastoma; PR, partial response 
Amakye D, et al. AACR 2012. Abstract #4818. 



Clinical Trial Design Options? 

03/01/13 

• Newly diagnosed versus relapse? 
• Randomised versus single arm? 
• Biomarker selected versus all comers? 
• Age groups? 



Which of the following trials do you prefer? 

A. Upfront randomised study? 
B. Upfront single arm study? 
C. Relapse randomised study? 
D. Relapse single arm study? 



Discussion on which trial is best/ feasible? 

03/01/13 



Dr Darren Hargrave 
Consultant Paediatric Oncologist 

Neuro-oncology & Experimental Therapeutics 
Great Ormond Street Hospital for Children, London 

 



Randomized Phase II C2201 Study Design 
Hh-pathway activated relapsed MB in children and adults  

Primary endpoints: ORR 
 
Secondary endpoints: DoR, PFS, safety, OS, QoL 
 
Randomization stratified by age (adults/children) 
Patients on TMZ may cross-over to LDE225 at progression. Patients not previously 
treated with RT will be analyzed as a separate subgroup. Safety data will be analyzed by 
age (children/adults) 

Hh+  rMB:  
Children and adults 
who have relapsed 

after RT; and 
children who are not 

candidates for RT 

Randomize 
2:1 

Arm 1: (n=46) 
LDE225 
@RP2D 

Arm 2: (n=23)  
TMZ 

QD x5 every 
28 days 

N=69 

RT = radiotherapy 

PD 

D/C due to 
AE or PD 
or other 

reasons or 
death 

LDE225C2201 Pivotal Medulloblastoma | Confidential | Business Use Only 



Conclusions 

Population –problems with rarity how to overcome 
Right target- patients selection 
Right drug(s)- 
Different schedules 
Different trial designs 
Outcomes / endpoints 



Management of Skull base tumors 

Prof. Dr.med. Damien Charles Weber 

Center for Proton Therapy 

Paul Scherrer Institute 

03/01/13 



Anatomy 
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DD 

03/01/13 

• Primary tumors 
 - Chordoma, Chondrosarcoma 
 
• Secondary infiltration or involvement by intracranial tumors 
 - Meningioma 
 - Craniopharyngioma 
 
• Secondary infiltration by primary H&N tumors 
 - Esthesioneuroblastoma 
 - Adenoid cystic carcinoma 
 - Ca Nasopharynx 
 - Ca nasal cavity and paranasal sinus 
 - Sarcoma: rhabdomyosarcoma/osteosarcoma/Ewing’s 
  



Skull base meningioma 

• Meningioma: Most common (nonglial) primary brain tumor 

• Predominantly benigh (90%) grade WHO 1 

• SBM: 30% of all meningiomas 

• Skull base: Complete resection rarely feasible 

• Adjuvant treatment should be discussed 

03/01/13 



Skull base meningioma 
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Skull base meningioma 

Many radiation techniques 

1. EBRT 

2. Radiosurgery 

3. FSRT 

4. Protons 

Radiological response rate different when using SRS vs. EBRT 
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Study Mean/medi

anFU 

(range) 

No. Of 

SBM 

patients 

No change Decreased Increased 

Starke RM 
J Neurosurg 

2015:122(2):363 

6.5 years  

(0.5-21) 

465 49% 35% 16% 

Pollock BE  
Int J Radiat Oncol 

Biol Phys. 2012 Aug 

1;83(5):1414-8 

62.9± 43.9 

mo 

251 26.7% 72.1% 1.2% 

http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154
http://www.ncbi.nlm.nih.gov/pubmed/22209154


Skull base meningioma-Results 

03/01/13 



Skull base meningioma-Results 

Volume dose fractions Radiographic 

tumor control 

P value 

SRS 2.8 12.5  

(80% IDL) 

1 91% 0.25 

SFRT 4.8 25.0 

(90% IDL) 

5 94% 

EBRT 11.1 50.4 

(90% IDL) 

 

28 95% 

03/01/13 

N=220 SBM patients 

Median FU: 32 months (range, 7-97 months) 
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Skull base meningioma-Prognostic factors 
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Skull base meningioma-Complications 

Surgery 

03/01/13 

Complications % 

New craniopathies 44 

New craniopathies permanent 14 

Hydrocephalus 16 

CSF leak 2 

50 SBM undergoing 

Sx 

36% treated by  

GKS 



Skull base meningioma-QoL 
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Skull base meningioma-QoL 

03/01/13 



Chordoma and Chondrosarcoma 

03/01/13 

CHORDOMA 

Presumed to arise from remnants of 
primitive notochord, an 
embryonic precursor replaced by 
mesodermal elements to form 
vertebrae and skull base 

Typically midline 

CHONDROSARCOMA 

• Arise from embryonal rests of 

cartilaginous matrix that escape 

reabsorption during endochondral 

ossification 

• Off-midline and originate within the 

temporal bone and petroclival 

fissure 



Chordoma Chondrosarcoma 

03/01/13 

CHORDOMA 
 0.84 per 1’000’000 (M>F)* 

Median age 58 (3 - 95) 

Intracranial chordomas invariably 
involve the clivus 

 Those arising from :  

 (a) the most rostral notochordal 
extension in the dorsum sellae present as 
sellar/parasellar tumors  

 (b) the most ventral part of the clivus 
present as nasopharyngeal tumors 

 (c) those associated with body and dorsal 
aspect of clivus manifest as spheno-
occipital or petrosal lesions 

 (d) those related to the lower clivus will 
present at the ventral portion of the 
foramen magnum 

 Direct dural invasion responsible for 
extension to posterior fossa  

 

 

 

CHONDROSARCOMA 

• 5 per 1’000’000 (M>F) 

• Median age 51 (1 – 102) 

• Appendicular > axial > soft tissue 

EPIDEMIOLOGY 

*Incidence and relative survival of chordomas: the standardized mortality 

ratio and the  

impact of chordomas on a population. 

Smoll NR, Gautschi OP, Radovanovic I, Schaller K, Weber DC. 

Cancer. 2013 Jun 1;119(11):2029-37. doi: 10.1002/cncr.28032. Epub 2013 
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CHORDOMA - Pathology 

 Macroscopically: 

 Chordomas are soft, gelatinous, lobulated neoplasms 

Microscopically: 

 Vacuolated, bubble-containing cytoplasm: physaliphorous cells 

Express  S-100, EMA and cytokeratin 

Notochordal developmental transcription factor, BRACHYURY (when combined 
with cytokeratin staining, sensitivity of 98% and specificity of 100% for 
chordoma) 

Chondroid Chordoma: 

 Favorable prognosis (UNRESOLVED ISSUE) 

 About 20% were later found to be chondrosarcomas 

 Mayo clinicopath study revealed no difference in survival (attributed to 
occurrence in younger pts) 
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CHORDOMA 

5 yr and 10 yr DFS 70% and 45% 

Exhibit locally destructive growth 

Recurrences may be noted many 
years after treatment 

Distant metastasis extremely rare  

 (6% - 22%) 

Metastasis higher in the presence of 
recurrent disease 

After recurrence, 3-yr and 5-yr OS 
about 43% and 7% 

 

CHONDROSARCOMA 

• More indolent and associate with 

much more favorable prognosis 

• 10-yr local control and disease-

specific survival 98-99% 

• No relationship between 

histological subtype and grade 

NATURAL HISTORY 
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Treatment - Surgery 

• Goal is to remove as much of the tumor while minimizing 
complications 

• Whenever brainstem compression present, decompress 
• Fat graft as spacer to increase distance between clivus 

and contiguous brainstem to facilitate safe delivery of 
radiation 
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Goal of Surgery - Chondrosarcoma 

2007 2015 Planning CT 
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Chordoma - Surgery 

Radical 
Resection 

(No tumor) 

Subtotal 
Resection 

(>90% resected) 

Partial 
Resection 

(<90% resected) 

Biopsy 

Al-Mefty 43% 48% 9% 

Watkins 89% 11% 

Gay 47% (total) 
20% (near    

total) 

23% 10% 

-Multiple retrospective studies have suggested improved local control and 

survival in those patients with optimal surgical debulking 

- Tzortzidis reported that in patients with chordomas who underwent surgery 

aimed at performing a complete resection, GTR could be accomplished in only 

72%. 

- The 10-year recurrence-free survival was 31% indicating that even after GTR, 

the likelihood of tumor control is low with surgery alone 
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Chordoma: Surgery + Radiation 

Tai et al, Cancer, 1995: 
159 patients with cranial chordomas 

treated by various regimens: 

 

• Subtotal resection followed by adjuvant 

radiation had a significantly improved 

survival over surgery alone (p=0.011) 

 

• No difference when compared to 

radiation alone (p=0.271) 

 

• The survival curves for the combined 

treatment separate with follow up and 

suggest a benefit to include surgery in the 

management 
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Chordoma: Radiation 
• The primary role of radiation therapy following maximal surgical resection 

is to improve local control 

• There have been no randomized studies investigating optimal dose 

• Initial results in the 1960s and 1970s suggest an improvement in 
symptomatic response and local control with increasing dose 

• Used antiquated techniques and often included multiple sites in their 
reports 

• In 1970 Pearlman and Friedman: Decrease in local failure with ↑ dose 

 Dose Rates of Failure 

<40 Gy (n=47) 85% 

40 – 60 Gy (n=18) 60% 

60-80 Gy (n=8) 43% 

>80 Gy (n=2) 0% 
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Author Year/pts Therapy Dose 

Gy (Range) 

Outcome 

Romero J et al. 1993/17 photons 50 (median) 

(29.9-64.8) 

PFS@5y: 

17%* 

Catton C et al. 

 

1996/48 photons 50 

25-60 

LC@5y: 23% 

Debus J et al. 2000/65 FSRT 66.6  

(65-70) 

LC@5y:50% 

Author Year/pts Therapy Dose 

Gy (Range) 

Outcome 

Noel G et al. 2003/100 PT and photon 67 

(60-70) 

LC@4y: 

53.8% 

Munzenrider et 

al. 

 

1999 72.1 

(64.2-79.6) 

LC@5y:73% 

PSI 2014 Protons 74 LC@5y:76% 
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P=0.0

03 

BS 

compression: 

 

0 (no) 5y 88% 

1 (abbuts) 5y 

73% 

2 (yes) 5y 58% 

N=222 Chordoma and CS patients, PSI unpublished data 
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Chordomas of the Base of Skull 
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Fractionated Photon Radiation 

Mehta: Principles and Practice of Neuro-Oncology 

Stereotactic 

RT 
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Stereotactic Radiosurgery 

- Response correlated to only small volumes  

- Increased marginal failures 

- Increased morbidity: cranial nerve dysfunction,  brain necrosis 
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In contrast to SRS, even in 
small tumors treated with 
protons, consistently a CTV 
and a PTV are created 

Chordoma - Small Tumor Volume 
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Target definition 

• GTV (gross tumor volume)= gross residual tumor (and high-risk 
area in immediate proximity) 

• MRI (T1, T1GD, T2)  

• CT (bone window) 

• CTV (clinical target volume) = postop. tumor bed (taking in 
account pre-op. extension), modifying for anatomical boundaries 
and compartments. 

Prescription dose to targets 

• PTV1 (CTV): 54 Gy(RBE) at 2 Gy/fr 

• PTV2 (GTV): 74 Gy(RBE) Chordoma / 70 Gy(RBE) 
Chondrosarcoma   at 2 Gy/fr 
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Skull Base Chordoma and Chondrosarcoma 

Optic chiasm and nerves:   max 60 Gy(RBE) 
Brainstem surface:   max 64 Gy(RBE) 
Brainstem center:    max 54 Gy(RBE) 
Cochlea:    max 36 Gy(RBE), mean 30 Gy(RBE) 
Temporal Lobe (outside PTV): ≤ 20 Gy(RBE) 
Spinal cord surface:  max 60 Gy(RBE)(generally ≤54 
Gy(RBE) 
Spinal cord center:   ≤50.4 Gy(RBE) 
Hippocampus:   V40 = <7.3 Gy(RBE)   

OAR Constraints: 
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Skull Base Chordoma and Chondrosarcoma - IMMOBILIZATION 

ADULTS CHILDREN 
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Post-op Proton Therapy for Clivus Chordoma 

SFU

D 
IMPT IMPT 

54 

GyE 
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Skull Base Chordoma and Chondrosarcoma - IMMOBILIZATION 
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Primary Skull Base tumors: PSI Experience 

ChSa=71 

Chordoma=

151 
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Ares et al. IJROBP 2009;75(4):1111-8 

Prognostic Factors Significant for Local Control in CHORODMA 
• Residual tumor volume >25 c.c. 
• Brainstem compression 
-------------------------------------------------------------------------------------------------------  
Radiation-induced Late Toxicity (CTCAE v3.0) 
• Asymptomatic MRI white matter changes (G1) = 5 patients 

 
• High grade late toxicity = 4 patients (all diagnosed with chordoma) 
 - optic pathway: G4 (1 patient) – unilateral blindness 
   G3 (1 patient) – unilateral visual deficit, steroid     
 dependent 
 - neurologic: G3 (2 patients) – symptomatic brain necrosis 
--------------------------------------------------------------------------------------------------------  
Actuarial 5-year freedom from high-grade toxicity: 94% 
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Protons: Improved Local Control for “Smaller Size Tumors” 

• LLUMC: < 25 c.c. vs. > 25 c.c. (100% vs. 56%) 
  
•CPO: <29 c.c. vs. > 29 c.c.  
  
•PSI: > 25 c.c. vs. > 25 c.c. (90% vs. 74%) 
 
•MGH: < 70 c.c. vs. > 70 c.c. (disease-free survival) 
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Risk of severe (>Grade 3) following high-dose proton therapy 

• Tumor size 
• Compression of: chiasm, optic N, brainstem, brain 
• Number of surgeries 
• Diabetes, HTN, smoking 
• KPS 



 
Summary of Prognostic Factors 
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•  (+++)  Skull base: Chondrosarcomas versus Chordomas 

•  (+++) Tumor Size 

•  (++) Skull Base versus Spine 

•  (+) Primary versus recurrent disease 

•  (+) Chondroid versus Non-Chondroid Pathology 

•  (?)  Gender  

•  (+) Age  

•  (+) Pediatric versus Adult 

•  (+++) Ability versus Inability to deliver dose: Optimal /   
 suboptimal dose distribution by involvement or abutment   of 
critical structures 

•  (+++) Radiation Dose 

•  (+++) Protons versus Photons  
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Skull Base Chordoma: Comparison of Literature 

  n Radiation 
Mean 
dose 

LC     LC     LC    

3-yr 5-yr  10-yr 

Munzenrider, 1999 169 PT, RT 76   73 54 

Terahara, 1999 115 PT, RT 69   59 44 

Hug, 1999 33 PT, RT 71 67 59   

Noel, 2005 100 PT, RT 67 86@2y  53@4y   

Igaki, 2004 13 PT, RT 72 67 46   

Schulz-Ertner, 2007 96 Carbon, RT    60 * 81 70   

Mizoe, 2009 33 Carbon    57 * 85 64 

Unpublished, (PSI) 
20xx 

151 PT 74 87 76 71  

Deraniyagala, 2014 33 PT 78 86@2y 

* @ 3 Gy/fraction 
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Skull Base Chondrosarcoma: Comparison of Literature 

  n Radiation 
Mean 
dose 

LC     LC     LC    

3-yr 5-yr  10-yr 

Munzenrider, 1999 229 PT, RT 72   98 94 

Hug, 1999 25 PT, RT 71 94 75   

Johnson, 2002 58 PT, RT 71 91 

Noel, 2003 26 PT, RT 94  75@4y   

Schulz-Ertner, 2007 96 Carbon, RT    60 * 81 70   

Unpublished, (PSI) 
20xx 

71 PT 68 94 94 88  

* @ 3 Gy/fraction 
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T2 26.09.07 T1Gd 

26.09.07 

Flair 

26.02.07 
T1Gd 

26.02.07 

Pehlivan B, Ares C, Lomax AJ, et al. IJROBP 2012;83(5):1432-40 

Example of Grade 3 
bilateral temporal 
lobe toxicity in a 
patient with skull 
base chordoma 
treated up to 74 
Gy(RBE) 
Occurrence = 6% 
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Necrosis @ 3 year 12.4% 

Necrosis @ 3 year  
(grade 2 and higher) 

5.7% 



Summary 

1. Excellent tumor control with for SBM with various radiotherapeutic 
modalities 

2. SBM: Increase tumor response with radio-surgery 

3. SBM: Increase radiation-induced toxicity with SRS 

4. QoL in meningioma patients ill-assessed 

5. High-dose radiation therapy necessary to control Chordomas 

6. No PRT (level I evidence) 

7. Prognostic factors: Chordoma, volume, tumor size, compression of BS, 
photons 

8. Main toxicity of PT is brain necrosis 

03/01/13 
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 Benign Brain Tumours  



 Management of benign brain tumours 

Principles 

indolent tumours 
long natural history 
rarely life threatening 
radiotherapy - one of available options 



need to understand: 
natural history 
imaging  
other treatment options 

 Management of benign brain tumours 

Radiotherapy prerequisites 



 Management options in benign brain tumours 

Surveillance 
 

Surgery 
 

Medical therapy 
 

Radiotherapy 
 



technical 
clinical 

radiotherapy issues 

 Management options in benign brain tumours 



technical aspects of delivery 
target definition 
dose fractionation 

radiotherapy issues - technical 

 Management options in benign brain tumours 



 Dose fractionation in benign brain tumours 

Fractionated radiotherapy 

Single fraction radiotherapy (radiosurgery) 

1 2 3 4 5 6 weeks 

Hypofractionated radiotherapy 

45 - 55Gy in 25 - 33 fractions 

20 - 30Gy in 3 - 10 fractions 

10 - 25Gy  in 1 fraction 



pituitary adenoma 
craniopharyngioma 
acoustic neuroma 
skull base meningioma 
childhood low grade glioma 

Benign brain tumours 

 Management of benign brain tumours 



pituitary adenoma 
craniopharyngioma 
acoustic neuroma 
skull base meningioma 
childhood low grade glioma 

Benign brain tumours 

 Management of benign brain tumours 



Radiotherapy in patients with non-functioning pituitary adenoma 

1. prolongs survival 

2. should be given soon after incomplete resection 

3. should avoid hypothalamus 

4. all of these 

5. none of these 



Radiotherapy in patients with secreting pituitary adenoma 

1. is the primary treatment for persistent elevation  

of GH after surgery for acromegaly 

2. higher total dose leads to faster hormone decline 

3. radiosurgery compared to fractionated treatment leads 

to faster hormone decline 

4. all of these 

5. none of these 



 Management options in pituitary adenoma 

Surveillance 
 

Surgery 
 

Medical therapy 
 

Radiotherapy 
 



 Management options in pituitary adenoma 

Surveillance 
 

Surgery 
 

Medical therapy 
 

Radiotherapy 
 



surveillance 

randomise 

pituitary adenoma 
nonfunctioning & secreting 

surgery &/or medical therapy  

Benefit of radiotherapy 

radiotherapy 

 Radiation for pituitary adenoma 

Endpoint  
• survival 



surveillance 

randomise 

pituitary adenoma 
nonfunctioning & secreting 

surgery &/or medical therapy  

Benefit of radiotherapy 

radiotherapy 

 Radiation for pituitary adenoma 

Endpoint  
• survival 
• tumour control 



surveillance 

comparison 

pituitary adenoma 
nonfunctioning & secreting 

surgery &/or medical therapy  

Benefit of radiotherapy 

radiotherapy 

 Radiation for pituitary adenoma 

non-randomised 
retrospective 

Endpoint  
• survival 
• tumour control 



Progression after surgery 

Gittoes et al 1998 

2 centre policy (non-randomized), 126 patients 

 Residual pituitary adenoma  



Progression after surgery 

Dekkers et al 2008 

residual disease on MRI 

no residual disease on MRI 

109 pts with non-functioning adenoma, median FU 6 years 

 Residual pituitary adenoma  



randomise 

Residual pituitary adenoma 
after surgery 

radiotherapy surveillance 

Timing of radiotherapy 

radiotherapy 
(delayed) 

 Radiation for pituitary adenoma 



surveillance 

Timing of radiotherapy 

radiotherapy 
(delayed) 

Residual pituitary adenoma 
after surgery 

 Radiation for pituitary adenoma 



 Management options in pituitary adenoma 

Non-functioning pituitary adenoma 
  progressive tumour 
  following primary surgery 
  presumed threat to function 

Indications for radiotherapy 



 Management options in pituitary adenoma 

Hormone secreting pituitary adenoma 
  persistent hormone elevation after surgery 
  to withdraw medical treatment 

Indications for radiotherapy 

Non-functioning pituitary adenoma 
  progressive tumour 
  following primary surgery 
  presumed threat to function 



Endpoints in the evaluation of irradiation 

Efficacy 
Actuarial tumour control 
Endocrine control  

Toxicity 

Pituitary adenoma 



45 – 50 Gy  in  25 - 30 fractions 

Fractionated high precision conformal radiotherapy 

Single fraction radiosurgery 

10 – 25 Gy  in  1 fraction 

Comparison of high precision techniques 



Conventional radiotherapy 
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Conventional & stereotactic radiotherapy  
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Gamma knife radiosurgery in nonfunctioning p.a. 

Nonfunctioning 
pit. adenoma 

Number of 
patients 

5 year    
PFS 

Weighted mean 393 92% 

Brada & Jankowska 
Endocrinol Metab Clin N Am  37 (2008) 263–275 

Systematic review of published literature 



Endpoints in the evaluation of irradiation 

Efficacy 
Actuarial tumour control 
Endocrine control  

Toxicity 

Stereotactic radiotherapy similar to conventional RT 
GK radiosurgery worse than fractionated RT 

Pituitary adenoma 



Endpoints in the evaluation of irradiation 

Efficacy 
Actuarial tumour control 
Endocrine control  

Toxicity 

Pituitary adenoma 



The best measure for assessing effectiveness  
of different forms of radiotherapy in a cohort of patients  
with acromegaly is 

1. median time to normalisation of GH  
  (time when half of the patients achieve normal GH) 
2. median time to normalisation of IGF-1 

3. median time to halving of GH 

4. tumour control at 5 years 

5. all of these 

6. none of these 



Barrande et al 2000 

128 patients 
mean FU 11 yrs Conventional radiotherapy for acromegaly 
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GH control in acromegaly 



GK radiosurgery for acromegaly 
Iwai et al 2010  

GH & IGF1 control in acromegaly 

GH IGF-1 



Endpoints in the evaluation of irradiation 

Stereotactic radiotherapy similar to conventional RT 
GK radiosurgery no better than fractionated RT 

Efficacy 
Actuarial tumour control 
Endocrine control  

Toxicity 

Pituitary adenoma 



Efficacy 
Actuarial tumour control 
Endocrine control 

Toxicity 

Endpoints in the evaluation of irradiation 

Pituitary adenoma 



Toxicity 

Neurological damage 
Vision 
Temporal lobe damage 
Cognitive function 

Endocrine failure 
Second malignancy 
Cerebrovascular accident (CVA) 

Radiotherapy for pituitary adenoma 
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Cerebrovascular accident (CVA) 

Radiotherapy for pituitary adenoma 
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Toxicity 

Neurological damage 
Vision 
Temporal lobe damage 
Cognitive function 

Endocrine failure 
Second malignancy 
Cerebrovascular accident (CVA) 

Radiotherapy for pituitary adenoma 



Toxicity 

Neurological damage 
Vision 
Temporal lobe damage 
Cognitive function 

Endocrine failure 
Second malignancy 
Cerebrovascular accident (CVA) 

Radiotherapy for pituitary adenoma 



Radiation induced second malignancy 

Radiotherapy for pituitary adenoma 



Radiation induced second malignancy 

Radiotherapy for pituitary adenoma 
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Radiation induced second malignancy 

Radiotherapy for pituitary adenoma 
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Toxicity of new techniques 

Neurological damage 
Vision 
Temporal lobe damage 
Cognitive function 

Endocrine failure 
Second malignancy 
Cerebrovascular accident (CVA) 

 High precision RT & radiosurgery for pituitary adenoma 



Endpoints in the evaluation of irradiation 

Stereotactic radiotherapy – potential reduction in 
toxicity requires long term follow up 

Efficacy 
Actuarial tumour control 
Endocrine control 

Toxicity 

Single fraction radiosurgery more toxic for larger 
tumours 



Endpoints of efficacy 

Pituitary adenoma 

Efficacy 
Actuarial tumour control 
Endocrine control  

Toxicity 

survival 



Risk of death as standardised mortality ratio (SMR) 
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Causes of excess mortality 

Pituitary adenoma 

disorders of pituitary 
endocrine 
tumour 

second brain tumours 
cerebrovascular  



Causes of excess mortality 

Pituitary adenoma 

disorders of pituitary 
endocrine 
tumour 

second brain tumours 
cerebrovascular  



observed  33 

expected  8 

relative risk  4.11 

95%CI 2.84-9.75 

Deaths from cerebrovascular causes 

Pituitary adenoma 
Brada et al 2002 



Toxicity 

Neurological damage 
Vision 
Temporal lobe damage 
Cognitive function 

Endocrine failure 
Second malignancy 
Cerebrovascular accident (CVA) 

Radiotherapy for pituitary adenoma 



pituitary adenoma 
craniopharyngioma 
acoustic neuroma 
skull base meningioma 
childhood low grade glioma 

Benign brain tumours 

 Management of benign brain tumours 



Acoustic neuroma and radiotherapy 

1. tumour control is dose dependent (dose/response) 

2. radiotherapy can be associated with life threatening complications 

3. surveillance prior to RT is associated with risk of facial palsy 

4. early radiotherapy preserves hearing 

5. all of these 

6. none of these 



 Management options in vestibular schwannoma  

surveillance 
 

surgery 
 

medical therapy 
 

radiotherapy 
 



surveillance 
 

surgery 
 

medical therapy 
 

radiotherapy 
 

 Management options in vestibular schwannoma  



 Surveillance 
Herwadker et al 2005 
Manchester 



Stangerup et al 2006 
Copenhagen 

                                                        number of patients 
total 1989 
observation 729 
at least 2 scans 552 
  intrameatal 230 
  extrameatal 322 

patients with AN  (1977 –2005)  
    (sporadic) 

 Surveillance 



Stangerup et al 2012 
Copenhagen 

Danish cohort 
2cm max diameter (sporadic) 

 Surveillance 

extrameatal 

intrameatal 

growth on surveillance  



Stangerup et al 2012 
Copenhagen 

Danish cohort 
2cm max diameter (sporadic) 

 Surveillance 

hearing loss on surveillance  
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 Management options in vestibular schwannoma  

surveillance 
 

surgery 
 

medical therapy 
 

radiotherapy 
 



45 - 50Gy in 25 - 30 fractions 

Single fraction radiosurgery 

20 - 30Gy in 6 - 10 fractions 

Hypofractionated “stereotactic” radiotherapy 

fractions 
weeks 

10 - 25Gy  in 1 fraction 

Fractionated “stereotactic” radiotherapy 

 Fractionation in high precision radiotherapy 



45 - 50Gy in 25 - 30 fractions 

Single fraction radiosurgery 

20 - 30Gy in 6 - 10 fractions 

Hypofractionated “stereotactic” radiotherapy 

fractions 
weeks 

10 - 25Gy  in 1 fraction 

Fractionated “stereotactic” radiotherapy 

 Fractionation in high precision radiotherapy 



Powell et al 2010 IJROBP 
72 patients with acoustic neuroma 
Royal Marsden Hospital 

Stereotactic RT for acoustic neuroma 

Tumour control 



23/4/1998 29/9/1999 

Transient enlargement & hydrocephalus 

Stereotactic RT for acoustic neuroma 



Powell et al 2010 IJROBP 
72 patients with acoustic neuroma 
Royal Marsden Hospital 

Stereotactic RT for acoustic neuroma 

Incidence of hydrocephalus 



9/10/2000 29/9/1999 

Transient enlargement resolution 

Stereotactic RT for acoustic neuroma 



45 - 50Gy in 25 - 30 fractions 

Single fraction radiosurgery 

20 - 30Gy in 6 - 10 fractions 

Hypofractionated “stereotactic” radiotherapy 

fractions 
weeks 

10 - 25Gy  in 1 fraction 

Fractionated “stereotactic” radiotherapy 

 Fractionation in high precision radiotherapy 



Tumour control 

Kapoor et al 2010, Int J Rad Oncol Biol Phys, Johns Hopkins experience 

Fractionated stereotactic RT for acoustic neuroma 

0 60 120 
time since FSR  
(months) 



pituitary adenoma 
craniopharyngioma 
acoustic neuroma 
skull base meningioma 
childhood low grade glioma 

Benign brain tumours 

 Management of benign brain tumours 
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Surveillance 
 

Surgery 
 

Medical therapy 
 

Radiotherapy 
 

Primary therapy 



 Management options in craniopharyngioma 

Surveillance 
 

Surgery 
 

Medical therapy 
 

Radiotherapy 
 

Primary therapy 



 Surgery for craniopharyngioma 



 Craniopharyngioma management 

target volume 
cystic enlargement 
image guidance  

Practical issues 
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target volume 
cystic enlargement 
image guidance  

Practical issues 



 Craniopharyngioma management 

visual impairment 
hydrocephalus 



 Craniopharyngioma management 

target volume 
cystic enlargement 
image guidance  

Practical issues 



45 - 50Gy in 25 - 30 fractions 

Single fraction radiosurgery 

20 - 30Gy in 6 - 10 fractions 

Hypofractionated “stereotactic” radiotherapy 

10 - 25Gy  in 1 fraction 

Fractionated “stereotactic” radiotherapy 

 Radiotherapy for craniopharyngioma 



 Conventional radiotherapy for craniopharyngioma 
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188 patients conservative surgery and radiotherapy 

Rajan et al 1993 

Tumour control 



 High precision radiotherapy for craniopharyngioma 
Minniti et al 2007 

Tumour control 



 Tumour control following radiotherapy 



 Benign Brain Tumours  



  Management of brain metastases 

 Michael Brada 
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 Radiotherapy in the treatment of brain metastases 



partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 



partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 



Whole brain radiotherapy for multiple brain metastases 

1. higher dose achieves better tumour control 

2. 30Gy in 10 fractions is the best regimen 

3. more protracted fractionation is less toxic 

4. causes somnolence and fatigue 

5. all of these 

6. none of these 



partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 



whole brain radiotherapy 

 Radiotherapy options 



partial brain radiotherapy 

 Radiotherapy options 
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 Radiotherapy options 
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partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 

conformal RT 
IMRT 
tomotherapy 
VMAT/RapidArc 
…… 



patients with brain metastases 
whole brain radiotherapy 

Whole brain Partial brain 

Comparison of whole brain and partial brain RT 

whole brain vs partial brain radiotherapy 



Partial brain RT after surgery for solitary brain metastases 
Hashimoto et al 2011 

Partial brain vs whole brain radiotherapy 
after surgery – retrospective comparison (126 patients) 

progression free survival 



Partial brain RT after surgery for solitary brain metastases 
Hashimoto et al 2011 

survival 

Partial brain vs whole brain radiotherapy 
after surgery – retrospective comparison (126 patients) 
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partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 
stereotactic radiosurgery (single fraction)  SRS 
stereotactic radiotherapy (fractionated)  fSRT 



partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 
multiheaded cobalt unit                              gamma knife 
robotic arm mounted linear accelerator    cyberknife 
conventional linear accelerator                  linac 



partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

 Radiotherapy options 

whole brain radiotherapy (WBRT) 

Extent of irradiation 
multiheaded cobalt unit                              gamma knife 
robotic arm mounted linear accelerator    cyberknife 
conventional linear accelerator                  linac 

multiple fixed field conformal radiotherapy 
intensity modulated radiotherapy (IMRT) 
rotating volumetric IMRT (VMAT®/RapidArc®) 



 Radiosurgery for solitary brain metastases 

survival – by treatment unit 
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p=0.942 

Andrews et al 2004, Lancet 363: 1665–72 



• Radiotherapy technologies 
• Context and endpoints 
• Clinical issues - evidence base 
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Prognosis in patients with brain metastases 

Sperduto et al Int J Radiat Oncol Biol Phys 2008; 70: 510-514  

2.6 11  (months) 6.9 3.8 

3.5-4 

3.0 
1.5-2.5 

0-1.0 

GPA scores 

performance status 
age 
no. brain metastases 
metastatic disease 

Graded prognostic assessment (GPA) 



prognosis 
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timing in the course of disease 
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Context 



performance status 
age 
tumour subtype 

performance status 
age 
no. brain mets 
metastatic disease 

Prognosis in patients with brain metastases 

Graded prognostic assessment (GPA) 

Sperduto et al 2012 J Clin Oncol, 30: 419 - 425  

Breast NSCLC 

3.4 25.3 (months) 15.1 7.7 3.0 14.8 (months) 9.4 5.5 
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Primary therapy 

Diagnosis 

Brain  
metastases 

Local recurrence or 
dissemination 

   primary disease             recurrent disease 

Salvage therapy 

Progression 

 Brain metastases in malignancy 

Course of malignant disease 
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Primary therapy 

Diagnosis Local recurrence or 
dissemination 

   primary disease             recurrent disease 

Salvage therapy 

Brain  
metastases 

Progression 

 Brain metastases in malignancy 

Course of malignant disease 



prognosis 
primary tumour type 
timing in the course of disease 

 Oncological management options 

Context 

survival 
quality of life  

Endpoints 
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WBRT alone 

local control 

survival 

WBRT +/- radiosurgery for brain metastases 

WBRT  whole brain RT 
SRS  stereotactic   
 radiosurgery 

RTOG 9508 

Andrews et al  2004, Lancet; 363: 1665–72 



• Radiotherapy technologies 
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 Radiotherapy in the treatment of brain metastases 



partial brain radiotherapy (PBRT) 

focal radiotherapy (SRT) & radiosurgery (SRS) 

whole brain radiotherapy (WBRT) 

Radiotherapy options 

 Evidence base for radiotherapy in the treatment of brain metastases 



Matrix - radiotherapy options 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

 Evidence base for radiotherapy in the treatment of brain metastases 



No. met’s prognosis 10 tumour timing 
single 
oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

 Evidence base for radiotherapy in the treatment of brain metastases 



Radiosurgery plus whole brain radiotherapy 
compared to whole brain radiotherapy alone 
for brain metastases 

1. prolongs survival in patients with oligometastastases 

2. prolongs time to functional deterioration in patients  

    with oligometastases 

3. prolongs survival in patients with single brain metastases 

4. none of these 

5. all of these 



Whole brain radiotherapy after radiosurgery is important 
because it 

1. prolongs survival  

2. prolongs time to functional deterioration  

3.  prolongs intracranial tumour control 

4.  none of these 

5.  all of these 



No. met’s prognosis 10 tumour timing 
single good any 

oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) surgery 

radiosurgery 

Matrix - radiotherapy options 

 Evidence base for radiotherapy in the treatment of brain metastases 



 Radiosurgery for “solitary” brain metastases 

randomise 

RTOG trial 9508 

Andrews et al  2004, Lancet; 363: 1665–72 

167 patients 164 patients 
331 patients 

1 - 3 brain metastases 
oligometastases 

whole brain radiotherapy 
& radiosurgery (SRS) 

whole brain radiotherapy 
(WBRT) 



 Radiosurgery for solitary brain metastases 

randomise 

RTOG trial 9508 

Andrews et al  2004, Lancet; 363: 1665–72 

1 brain metastasis 

whole brain radiotherapy 
& radiosurgery (SRS) 

whole brain radiotherapy 
(WBRT) 

92 patients 94 patients 
186 patients 



Radiosurgery for solitary brain metastases 

survival – single brain metastases 
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Linac 

WBRT alone 

WBRT + SRS 

4.9 6.5 (months) 

p=0.039 

WBRT  whole brain radiotherapy 
SRS   stereotactic radiosurgery 

 Radiosurgery for solitary brain metastases 

RTOG trial 9508 

Andrews et al  2004, Lancet; 363: 1665–72 



No. met’s prognosis 10 tumour timing 
single good any 

oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) surgery 

radiosurgery 

Matrix - radiotherapy options 

additional whole brain radiotherapy ? 

 Evidence base for radiotherapy in the treatment of brain metastases 



132 patients 

 Whole brain radiotherapy following surgery or radiosurgery 

(for 1-4 mets) 

Japanese Radiation Oncology Study Group 
(JROSG 99-1) 

randomise 

radiosurgery 

whole brain radiotherapy observation 

Aoyama et al 2006, JAMA; 295: 2483-2491 



Aoyama et al 2006, JAMA; 295: 2483-2491 

 Whole brain radiotherapy following surgery or radiosurgery 

Japanese Radiation Oncology Study Group 
(JROSG 99-1) 

survival 



180 patients 179 patients 
359 patients 

 Whole brain radiotherapy following surgery or radiosurgery 

(for 1-3 mets) 

EORTC 22952-26001 

randomise 

surgery or radiosurgery 

whole brain radiotherapy observation 

Kocher et al 2011 J Clin Oncol 29:134-141 



Kocher et al 2011 J Clin Oncol 29:134-141 

survival 

WBRT – whole brain radiotherapy 

EORTC 22952-26001 

 Whole brain radiotherapy following surgery or radiosurgery 



Kocher et al 2011 J Clin Oncol 29:134-141 

survival with good performance status 

WBRT – whole brain radiotherapy 

EORTC 22952-26001 

 Whole brain radiotherapy following surgery or radiosurgery 



213 patients 

 Whole brain radiotherapy following radiosurgery 

NCCTG N0574 (Alliance) trial 

randomise 

1 - 3 brain metastases 

radiosurgery & 
whole brain radiotherapy 

radiosurgery alone 

Brown et al 2015 ASCO abstract #LBA4 

1∘ endpoint: cognitive progression after treatment 
2∘ endpoint survival Cognitive progression 

cognitive function tests - drop in 1SD in one test 



NCCTG N0574 (Alliance) trial 

Brown et al 2015 ASCO abstract #LBA4 

 Whole brain radiotherapy following radiosurgery 

Intracranial progression 



NCCTG N0574 (Alliance) trial 

Brown et al 2015 ASCO abstract #LBA4 

 Whole brain radiotherapy following radiosurgery 

Survival 
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Brown et al 2015 ASCO abstract #LBA4 

 Whole brain radiotherapy following radiosurgery 
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No. met’s prognosis 10 tumour timing 
single good any 

oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) surgery 

radiosurgery 

Matrix - radiotherapy options 

additional whole brain radiotherapy  

 Evidence base for radiotherapy in the treatment of brain metastases 



No. met’s prognosis 10 tumour timing 
single 
oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

whole brain radiotherapy  

 Evidence base for radiotherapy in the treatment of brain metastases 



patients with brain metastases 

supportive care 
alone 

palliative radiotherapy 
& supportive care 

whole brain radiotherapy and survival 

 Effect of whole brain radiotherapy on survival 

randomise 



Primary therapy 

Diagnosis Local recurrence or 
dissemination 

   primary disease             recurrent disease 

Salvage therapy 

Brain  
metastases 

Progression 

 Brain metastases in malignancy 

Course of malignant disease 



No. met’s prognosis 10 tumour timing 
single 
oligomets 
multiple poor end stage 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

whole brain radiotherapy  

 Evidence base for radiotherapy in the treatment of brain metastases 



supportive care 
alone 

palliative radiotherapy 
& supportive care 

randomise 

brain metastases in NSCLC 
& poor prognostic factors 

endpoints: palliative efficacy (QOL, Barthel), 
  survival free of neurological progression, 
 survival 

 Effect of whole brain radiotherapy on survival & QOL  
Mulvenna et al 2015 ASCO Abstract #8005 

QUARTZ trial CR UK & TROG 



supportive care 
alone 

palliative radiotherapy 
& supportive care 

randomise 

brain metastases in NSCLC 
& poor prognostic factors 

endpoints: palliative efficacy (QOL, Barthel), 
  survival free of neurological progression, 
 survival 

 Effect of whole brain radiotherapy on survival & QOL  

538 

269 269 

Mulvenna et al 2015 ASCO Abstract #8005 

QUARTZ trial CR UK & TROG 



Mulvenna et al 2015 ASCO Abstract #8005 

 Effect of whole brain radiotherapy on survival & QOL  

survival 

8.1 9.3 weeks 

QUARTZ trial CR UK & TROG 



Mulvenna et al 2015 ASCO Abstract #8005 

 Effect of whole brain radiotherapy on survival & QOL  

quality adjusted life years (QALY) 

QALY 

QUARTZ trial CR UK / TROG 



No. met’s prognosis 10 tumour timing 
single 
oligomets 
multiple poor end stage 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

whole brain radiotherapy  

 Evidence base for radiotherapy in the treatment of brain metastases 
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single 
oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

 Evidence base for radiotherapy in the treatment of brain metastases 



No. met’s prognosis 10 tumour timing 
single 
oligomets good 

multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

whole brain radiotherapy 
or radiosurgery (or both) 

 Evidence base for radiotherapy in the treatment of brain metastases 



 Radiosurgery for “solitary” brain metastases 

randomise 

RTOG trial 9508 

Andrews et al  2004, Lancet; 363: 1665–72 

167 patients 164 patients 
331 patients 

1 - 3 brain metastases 
oligometastases 

whole brain radiotherapy 
& radiosurgery (SRS) 

whole brain radiotherapy 
(WBRT) 



73 patients 72 patients 
145 patients 

Radiosurgery for oligometastases in the brain 

(2-3 mets) 

Andrews et al  2004, Lancet; 363: 1665–72 

randomise 

oligometastases 

whole brain radiotherapy 
& radiosurgery (SRS) 

whole brain radiotherapy 
(WBRT) 

RTOG trial 9508 



survival                   2 – 3 brain metastases 
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WBRT alone 
WBRT + SRS 

p=0.978 

RTOG 9508 

Andrews et al  2004, Lancet; 363: 1665–72 

Radiosurgery for oligometastases in the brain 
WBRT  whole brain radiotherapy 
SRS   stereotactic radiosurgery 



No. met’s prognosis 10 tumour timing 
single 
oligomets good 

multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

whole brain radiotherapy 
or radiosurgery (or both) 

 Evidence base for radiotherapy in the treatment of brain metastases 



oligometastases (2 - 5) 

whole brain 
radiotherapy 

radiosurgery 

Oligometastases 

randomise 

Radiosurgery for oligometastases in the brain 



 Stereotactic radiotherapy utilisation 

Proportion receiving radiosurgery (SRS) 
7.8% 

sample of 898 patients of 3030 patients receiving radiotherapy for brain mets 

Hodgson et al 2012 multicentre survey of Canadian centres 

Radiosurgery after whole brain radiotherapy 



 Stereotactic radiosurgery utilisation 

sample of 898 patients of 3030 patients receiving radiotherapy for brain mets 

Availability of on-site SRS 
Fewer brain metastases 
Controlled extracranial disease 
Age 

Independent factors associated with  
higher chance of receiving SRS 

Hodgson et al 2012 multicentre survey of Canadian centres 



 Stereotactic radiotherapy utilisation 
Halasz et al 2011 ASTRO abstract 

year Proportion receiving  
radiosurgery (SRS) 

2000 3.0% 
2005 8.2% 

SEERS-Medicare database, patients with NSCLC and diagnosed with brain metastases 
7708 patients treated with RT within 2 months of brain mets diagnosis, age >65 

SEERS study 



 Stereotactic radiosurgery utilisation 

SEERS-Medicare database, patients with NSCLC and diagnosed with brain metastases 
7708 patients treated with RT within 2 months of brain mets diagnosis, age >65 

Halasz et al 2011 ASTRO abstract 

Year of diagnosis 
Higher socio-economic status 
Number of sites of systemic disease 
Longer progression free interval 
Admission to teaching hospital 
No history of low income status 

Independent factors associated with  
higher chance of receiving SRS 

SEERS study 



 Stereotactic radiosurgery utilisation 

SEERS-Medicare database, patients with NSCLC and diagnosed with brain metastases 
7708 patients treated with RT within 2 months of brain mets diagnosis, age >65 

Halasz et al 2011 ASTRO abstract 

Year of diagnosis 
Higher socio-economic status 
Number of sites of systemic disease 
Longer progression free interval 
Admission to teaching hospital 
No history of low income status 

Independent factors associated with  
higher chance of receiving SRS 

SEERS study 

prognosis 
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SEERS-Medicare database, patients with NSCLC and diagnosed with brain metastases 
7708 patients treated with RT within 2 months of brain mets diagnosis, age >65 

Halasz et al 2011 ASTRO abstract 

Year of diagnosis 
Higher socio-economic status 
Number of sites of systemic disease 
Longer progression free interval 
Admission to teaching hospital 
No history of low income status 

Independent factors associated with  
higher chance of receiving SRS 

SEERS study 

availability 

prognosis 



 Stereotactic radiosurgery utilisation 

SEERS-Medicare database, patients with NSCLC and diagnosed with brain metastases 
7708 patients treated with RT within 2 months of brain mets diagnosis, age >65 

Halasz et al 2011 ASTRO abstract 

Year of diagnosis 
Higher socio-economic status 
Number of sites of systemic disease 
Longer progression free interval 
Admission to teaching hospital 
No history of low income status 

Independent factors associated with  
higher chance of receiving SRS 

SEERS study 

availability 

prognosis 

inequity 



 Oncological management options 

surgery 

radiation 

supportive care 

systemic 
therapy 



12.8.2011 

response to Anastrazole & Goserelin 

1.6.2011 

ER+ metastatic breast cancer 



28.10.2010 21.5.2010 

response to Erlotinib 

lung adenocarcinoma with EGFR mutation 



 Systemic therapy for brain metastases 

primary therapy in sensitive tumours 
in common cancers (eg breast, NSCLC) 
 response of enhancing brain mets  
 similar magnitude as 
 response of systemic disease 



 Oncological management options 

radiation 

supportive care 

surgery systemic 
therapy 



In patients with non-small cell lung cancer and brain metastases 

1. at presentation (stage IV disease) radiotherapy 

      is the best treatment 

2. chemotherapy is the best treatment in patients with 

      poor performance status 

3. in ALK mutated adenocarcinoma 

     crizotinib is the appropriate treatment  

4.  in ALK mutated adenocarcinoma 

     crizotinib prolongs survival compared to whole brain RT 

5.   none of these 



No. met’s prognosis 10 tumour timing 
single 

responsive to systemic treatment oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

 Evidence base for radiotherapy in the treatment of brain metastases 



No. met’s prognosis 10 tumour timing 
single 

responsive to systemic treatment oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

additional whole brain radiotherapy? 



brain metastases 

surveillance whole brain radiotherapy 

Tumours responsive to systemic treatment 

randomise 

 Role of radiotherapy in responsive tumours 

systemic therapy 
CR/good PR 



brain metastases 

surveillance whole brain radiotherapy 

Tumours responsive to systemic treatment 

randomise 

 Role of radiotherapy in responsive tumours 

systemic therapy 
CR/good PR 

Potential trial design 
• Tumour specific 
• Biomarker specific 
• Timing of disease specific 



No. met’s prognosis 10 tumour timing 
single 
oligomets responsive to systemic treatment 

multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

additional radiosurgery ? 

 Evidence base for radiotherapy in the treatment of brain metastases 



 Radiosurgery for synchronous brain oligometastases 

radiosurgery (SRS) 

randomise 

98 patients - synchronous asymptomatic brain metastases 
Samsung Medical Centre, Seoul 2008 - 13  

Lim et al  2015, Annals of Oncology 26: 762–768 

(49) 

1 - 4 brain metastases 
oligometastases 

chemotherapy 

chemotherapy 

(49) 

Synchronous oligometastases 
in non-small cell lung cancer 



 Radiosurgery for synchronous brain oligometastases 

Lim et al  2015, Annals of Oncology 26: 762–768 

survival 

SRS & chemo chemo 

Synchronous oligometastases in NSCLS 



No. met’s prognosis 10 tumour timing 
single 

treated with radiotherapy oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

additional concomitant systemic therapy ? 

 Evidence base for radiotherapy in the treatment of brain metastases 



1 – 3 brain metastases 

whole brain radiotherapy & SRS
Temozolomide control 

Temozolomide 

 Additional systemic therapy in NSCLC brain metastases 

non-small cell lung cancer brain metastases 
RTOG 0320 

Erlotinib 

Erlotinib 

Sperduto et al 2013, Int J Radiat Oncol Biol Phys, 85(5): 1312-8  

not biomarker enriched 

randomise 



 Additional systemic therapy in NSCLC brain metastases 

non-small cell lung cancer brain metastases 
RTOG 0320 

Sperduto et al 2013, Int J Radiat Oncol Biol Phys, 85(5): 1312-8  

WBRT & SRS 
WBRT & SRS & Temozolomide 
WBRT & SRS & Erlotinib 

control 

Erlotinib 

Temozolomide 



No. met’s prognosis 10 tumour timing 
single 
oligomets 
multiple 

single oligomets 
2-3 (-5) 

multiple 
> 3 (>5) 

Matrix - radiotherapy options 

 Evidence base for radiotherapy in the treatment of brain metastases 

systemic 
therapy surgery 

radiation 

supportive care 
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Supportive care of brain tumor patients 
 

ESTRO teaching course 
Management of brain tumours 
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• Management of pain 

• Antiemesis 

• Treatment of seizures 

• Steroids for the treatment of tumor-
associated edema 

Overview 



Seizures in brain tumor patients 

Background 
• Incidence of brain tumor-associated epilepsy 

• Tumor-mediated epileptogenesis 
 
Medical treatment 
• Available drugs 

• Treatment recommendations 

 • Interaction with other drugs / tumor-specific treatment 

 • Appropriate antiepileptic drugs 

• Duration of treatment 



 Approx. 30-50% of all brain tumor patients are affected by seizures 
     => frequently first clinical manifestation of a brain tumor 
 
 Seizures are particularly common in slowly growing tumors and 

tumors of glial origin 

Epilepsy in brain tumor patients 

• DNET     100% 
• Ganglioglioma    80-90% 
• Low-grade glioma   70-80% 
• Meningeoma    30-60% 
• Glioblastoma    30-50% 
• Metastases    20-35% 
• CNS lymphoma   10-15% 



Blood-brain barrier 

Edema 

Intracranial pressure 

Hemosiderin 

Alkalinization 

Deafferentiation 

Glial  
excitability 

Glutamate 

GABA-mediated inhibition 

Adenosine 

Brain tumors & epileptogenesis 



Impact of tumor-specifc therapy on epilepsy 

 Radiotherapy: may increase edema, necrotic areas may 
also enhance the excitability 
 

 Chemotherapy: increased risk of infections => fever 
     => may trigger seizures 

 
 Concomitant medication:  
 Steroids may alter glucose and electrolyte levels  
 Neuroleptics may trigger seizures 



Basic considerations 

• Antiepileptic activity 

• Side effects 

• Interaction with other drugs 

• Approval for monotherapy 
 

Specifically for brain tumors 

• Interaction with tumor-specific treatment 

• Direct effects on the tumor 

• i.v. administration 

Which antiepileptic drugs (AED) are appropriate? 



Drug Trade name 
(CH) 

Dose (mg) costs/day 
(CHF) 

Phenobarbital Luminal® 50-300 0.1-0.5 

Phenytoin Phenhydan® 200-350 0.15-0.5 

Carbamazepine Tegretol® 600-2000 0.7-2.5 

Valproic acid Orfiril® 1200-2400 1-2 

Lamotrigine Lamictal® 100-300 3-7 

Gabapentin Neurontin® 900-2400 2-5 

Topiramate Topamax® 50-200 2-5 

Levetiracetam 
Lacosamide 
Zonisamide 

Keppra® 
Vimpat® 
Zonegran® 

1000-3000 
100-400 
300-500 

4-13 
4-13 
5-12 

Numerous AED are available 



Which AED do you choose? 
 

45 yo patient with a low-grade glioma has 2 generalized 
tonic-clonic seizures. 

Which drug will you prescribe? 
 

1. Phenytoin 

2. Valproic acid 

3. Levetiracetam 

4. Any other AED 

5. The neurologist should 
tell me 



AED in brain tumor patients: where is the evidence? 

There is a lack of robust, randomised, controlled evidence to support 
the choice of antiepileptic drug for the treatment of seizures in adults 
with brain tumors 

 
There is a need for further large randomised, controlled trials in this 

area 

Cochrane Database Syst Rev 2011 



1.  Carbamazepine  CBZ 
2.  Gabapentin   GBP 
3.  Lacosamide  LAC 
4.  Lamotrigine   LTG 
5.  Levetiracetam  LEV 
6.  Oxcarbazepine  OXC 
7.  Perampanel  PER 
8.  Phenobarbital  Pb 
9.  Primidon   PRM 
10.  Phenytoin   PHT 
11.  Pregabalin   PGB 
12.  Topiramate   TPM 
13.  Valproic acid  VPA 
14.  Zonisamide   ZON 

„time to treatment failure“: 
LTG > CBZ, GBP und TPM 

Time from randomization (years) 

„seizure control“ 
LEV = CBZ 

Brodie et al., Neurology 2007 

Marson et al., Lancet 2007 

How to choose the best AED 



         Phenobarbital Sedation, allergic reactions 
Enzyme induction (cytochrome P450) 

Phenytoin Vertigo, allergic reactions, liver enzymes ↑, 
gingival hyperplasia, cerebellar degeneration 
Enzyme induction (cytochrome P450) 

Carbamazepine Vertigo, Nausea, Ataxia, low blood sodium, 
nystagmus, allergic reactions,  
Enzyme induction (cytochrome P450)  

Valproic acid Tremor, gain of weight, coagulation disorders, 
thrombopenia, teratogenicity 
Enzyme inhibition 

Old AED: pros and cons 



Lamotrigine Skin reactions, tremor, sedation 

Gabapentin  
 
Pregabalin 

Fatigue, vertigo 
 
Vertigo 
 

Levetiracetam  Fatigue, psychiatric disorders 

Topiramate Fatigue, loss of appetite, cognitive impairment 

Lacosamide 
 

Vertigo 

New(er) AED: pros and cons 



Further considerations 

1.  Carbamazepine  CBZ 
2.  Gabapentin   GBP 
3.  Lacosamide  LAC 
4.  Lamotrigine   LTG 
5.  Levetiracetam  LEV 
6.  Oxcarbazepine  OXC 
7.  Perampanel  PER 
8.  Phenobarbital  Pb 
9.  Primidon   PRM 
10.  Phenytoin   PHT 
11.  Pregabalin   PGB 
12.  Topiramate   TPM 
13.  Valproic acid VPA 
14.  Zonisamide   ZON 

• Enzym-inducing drugs may 
reduce the activity of 
chemotherapeutic drugs and 
steroids    
  

• VPA (enzyme inhibition): impact is 
unclear 

 
• Probably no interaction of 

lamotrigine, gabapentin, 
pregabalin, levetiracetam, 
topiramate or lacosamide with 
chemotherapeutic agents 
     
   



Which drugs are approved for monotherapy? 

1.  Carbamazepine  CBZ 
2.  Gabapentin   GBP 
3.  Lacosamide  LAC 
4.  Lamotrigine   LTG 
5.  Levetiracetam  LEV 
6.  Oxcarbazepine  OXC 
7.  Perampanel  PER 
8.  Phenobarbital  Pb 
9.  Primidon   PRM 
10.  Phenytoin   PHT 
11.  Pregabalin   PGB 
12.  Topiramate   TPM 
13.  Valproic acid VPA 
14.  Zonisamide   ZON 

Monotherapy (CH): 
CBZ, GBP, LTG, LEV, OXC, Pb, 
PHT, PRM, TPM, VPA, ZON 

i.v. administration: 
LAC, LEV, Pb, PHT, VPA 



Data from clinical trials: brain tumors and AED 



• 52 patients with primary brain tumors and seizures 

• Randomization: Levetiracetam vs. Pregabalin 

• „composite endpoint“: 1. stopping of the drug; 2. Addition of a second AED; 
3. Occurrence of at least 2 seizures with loss of consciousness 

Levetiracetam vs. Pregabalin 



• Shall all brain tumor patients be treated with an AED? 
 No        
• Prophylaxis in all patient who undergo surgery? 
 No – or only transiently  
• Treatment following a seizure?   
 Yes    
• How long shall patients be treated with an AED? 
 Depends on histology, overall prognosis, tolerance… 

Who to treat and for how long? 



 Hardly any data from randomized trials 
 
 Levetiracetam: may be overall well tolerated and have good 

activity against seizures in brain tumor patients 
 

 Lamotrigine: no comprehensive testing in brain tumor 
patients; overall good antiepileptic activity, well tolerated 
 

 Pregabalin: may be considered as an alternative drug, 
probably not approved as monotherapy in most countries 
 

 Valproic acid: active, moderate tolerability, may have anti-
tumor properties (?) 
 

Conclusions: brain tumors and epilepsy 



• Management of pain 

• Antiemesis 

• Treatment of seizures 

• Steroids for the treatment of tumor-
associated edema 

Overview 



Steroids in neurooncology: history 





 Primary or secondary brain tumors with surrounding edema 

Treatment of edema 
 

Institute of Neuroradiology, USZ 



Which steroid and which dose? 
 

57 yo patient with a recurrent glioblastoma and pronounced 
edema requires treatment with steroid because of increasing 
hemiparesis on the right side. 

What will you do?  

1. Hydrocortisone 30 mg/d 

2. Prednisone 100 mg/d 

3. Dexamethasone 4 x 4 mg 

4. Dexamethasone 16 mg 



C=O

O

CH2 OH

OH

corticosterone cortisol/hydrocortisone 

C=O

O

CH2 OH

OH OH

C=O

O

CH

CH2 OH

OH

O

aldosterone 

mineralocorticoid activity 

glucocorticoid activity 

Physiological steroid hormones 



Glucocorticoid 
Potency 

Plasma 
half-life (h) 

Biological 
 half-life (h) 

Mineralo-
corticoid effects 

Hydrocortisone 1 8-12 1 

Prednisone 5 3-4 12-36 0.8 

Methylprednisolone 4 1.5-3 12-36 0.5 

Dexamethasone ~ 30 2-5 36-54 0 

Steroids: which compound? 
 

• Least amount of mineralocorticoid activity 
   => Low rate of fluid retention 

• Long biological half-life  
   => frequent dosing not required 

Advantages of 
dexamethasone: 



Dexamethasone dosing 
 

• 96 patients; 2 randomized, double-blind trials 
• Dexamethasone:  4 vs. 16 mg/d  

    8 vs. 16 mg/d 
• Primary endpoint: KPS => no difference 
• Side effects: more frequent in patients taking 16 mg/d 

Vecht et al., Neurology 1994 



 

• Hyperglycemia (“steroid diabetes“: > 50% of all patients) 

Cushing‘s syndrom:  

• Central obesity 

• “moon face“ 

• Arterial hypertension 

Steroids: side effects 



Osteoporosis: 

• Development of osteoporosis is particularly high in 
patients taking other osteoporosis-inducing drugs (e.g. 
loop diuretics, thyroxine) 

• Prophylaxis: Calcium, vitamine D, biphosphonates 

Myopathy: 

• Weakness of the proximal muscles of the upper and 
lower limbs 

• No data supporting the hypothesis that myopathy occurs 
more frequently when „fluorinated“ steroids are used 

• Prophylaxis: physiotherapy 

 

 

Osteoporosis & myopathy 



 

• Gastrointestinal symptoms (peptic ulcers) 

• Steroid cataract 

• Psychiatric side effects (depression, psychosis, insomnia) 

• Increased risk for infections (e.g. Pneumocystis jirovecii) 
  (particularly in patients who receive radio- and/or chemotherapy) 
 
=> Steroid toxicity may reduce the benefit from other treatment 

modalities, e.g. radio- and chemotherapy 

Side effects: many more… 



 

• Regular check of blood pressure and glucose levels 

• Proton pump inhibitor and thrombosis prophylaxis should be 
considered 

• PJP prophylaxis, particularly in patients on radio-/chemotherapy 

•  Trimethoprim/sulfamethoxazole (Co-trimoxazole) 

•  Pentamidine inhalation 

• Check interaction(s) with other drugs 

Guidelines for the use of steroids 



 

• Tapering should be persued as soon as clinically possible 

• Short treatment => rapid tapering 

• Long duration of therapy => slow tapering 

  => Watch for signs of hypocortisolism! 

•  Nausea, vomiting, headaches 

•  Myalgia, hypotension 
 

• Manifest hypocortisolism: substitution with hydrocortisone 

  => average daily dose: 20-30 mg 

Steroid tapering 



 

• H15 (Boswellia serrata): limited activity 

 

 

 

 

• Mannitol: restricted to particular situations for 24-72 h 

• Bevacizumab (Avastin): i.v. administration, expensive, not 
approved for anti-edematous therapy 

• Corticorelin acetate: synthetic corticotropin-releasing factor 

Can we avoid/replace steroids? 



 

• Virtually all brain tumor patients need antiedematous 
theapy at some point 

• Dexamethasone: standard of care 

• No convincing alternatives to steroids available 

• Treat patients – not images! 

• Side effects should be considered and adequate measures 
must be taken 

• Use steroids at the lowest effective dose for the shortest 
duration of time necessary 

Conclusions 
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