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• The Making of the 2016 Update of the WHO brain tumor 

classification

• Update on most important changes

• Diffuse glioma

• Embryonal tumors

• Other newly introduced entities and variants

• Implications on neuropathological practice & molecular marker

testing

The WHO brain tumor classification

3

2016 update of the 4th edition

Prior to 2016
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• Brain tumor classification based on histogenesis

• Microscopic similarities of tumors with different cells of origin

• Based on hematoxylin and eosin-stained sections + 

immunohistochemical expression of lineage-associated proteins (+ 

ultrastructure)

Harvey Cushing

In the meantime
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• Large-scale studies revealed the genetic basis of tumorigenesis of

adult and pediatric brain tumors

• Molecular markers provide prognostic and/or predictive information

within diagnostic categories

• Canonical genetic alterations may be used to define specific

entities

2014 Haarlem Meeting, the Netherlands
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• Under the auspices of the International Society of Neuropathology

• Aim: Providing guidelines for how to incorporate molecular findings

into brain tumor diagnostics

• Set the stage for a major revision of the 2007 CNS WHO 

classification
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Proposed format & overarching goal
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• Layer 1: Morphological classification

• Layer 2: WHO grade (reflects natural tumor history)

• Layer 3: Molecular information

Integrated diagnosis

• Adds a level of objectivity to the diagnostic process

• Stratifies tumors into biologically homogenous groups

• Enhances diagnostic accuracy & prognostic rating

CAVE
Diagnostic

delay

Community Surveys (SNO & ISN)

8
Neuro Oncol. 2016;19:336-344. 

Surveys provided overwhelmingly 
positive feedback

Classification based on histology & genetics
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• International collaboration of 117 contributors from 20 countries

• Three-day consensus conference by a working group of 35 

neuropathologists, clinical advisors and scientists from 10 

countries

Austrian contributors:
Johannes A. Hainfellner
Matthias Preusser

How many brain tumor entities are
differentiated according to the WHO 2016 
classification?
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• A1. 1-30

• A2. 40-70

• A3. 80-110

• A4. 120+

A4 is correct

11 12

2016 2007

Diffuse astrocytomas more similar to
oligodendrogliomas than pilocytic
astrocytomas -> family trees redrawn

Diffuse astrocytoma categories: 
IDH-mutant 
IDH-wildtype
NOS

WHO grading II-III retained

Gliomatosis cerebri deleted (invasive 
growth of diffuse astrocytoma, 
oligodendroglioma or glioblastoma)

Molecular markers now mandatory
IDH, 1p19q, H3K27
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IDH 1/2 mutations

Williams Parsons et al, Science 2008
13

• Recurrent mutations in IDH1 on chromosome 2q33 found in glioblastoma
• IDH1 encodes isocitrate dehydrogenase 1 that catalyzes the

oxidative carboxylation of isocitrate to alpha-ketoglutarate resulting in
the production of NADPH

• Novel marker for secondary glioblastoma

NADP

Arginin 132 residue

Crystal structure

IDH mutations

Yan et al, New England Journal of Medicine 2009 14

• IDH mutations implicated in the
pathogenesis of malignant gliomas

• Common in lower grade gliomas

• IDH mutant tumors are genetically &
clinically distinct

1p 19q deletion

15Cairncross JG et al, J Natl Cancer Inst. 1998

What is the major reason for the observed
discrepancy in chemotherapy sensitivity
between oligodendroglioma and
astrocytoma?

16

A1. Astrocytic cells show a higher number of multidrug resistant-
associated ABC transporters

A2. Chromosome 1 encodes the temozolomide-resistance gene zinc
finger protein C2H2

A3. Astrocytic cells communicate more efficiently in cellular networks

A4. Oligodendroglial cells show impaired mitochondrial metabolism

A3 is correct

Brain tumor cells interconnect to a 
functional and resistant networt

Osswald et al, Nature 2015
17

Oligodendrogliomas lack long ‘tumor microtubes‘ that enable
multicellular communication in astrocytomas

Tumor microtubes convey resistance to surgical
lesions and chemotherapy in gliomas

18
Weil et al, Neurooncology 2017

Highly interconnected
astrocytic tumor cells are
more resistant to TMZ 
treatment

TM high

Less tumor
cell regression

Isolated tumor
cells (*) are
more likely to
die
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H3 K27M mutation

19

• Defines a subgroup of diffuse intrinsic pontine gliomas
• Mutation in histone protein -> epigenetic implications

Buczkowicz P et al, Nature Genetics 2014
20

2016

What happened to Oligoastrocytoma?

21

Oligoastrocytoma

Astrocytoma OligodendrogliomaDifficult to define

High interobserver discordance

22

Oligoastrocytoma

Oligoastrocytoma

23

• Using phenotype & genotype (i.e., IDH mutation and 1p19q 

codeletion) allows to allocate them to either astrocytic or

oligodendroglial subtypes

• Discordant results of phenotype & genotype -> genotype

trumps histological phenotype!

• Introduction of „not otherwise specified, NOS“

Is genotype alone sufficient for diagnosis?

24

• At this point in time: No

• WHO grading is still based on histologic criteria

• Challenges with respect to testing and reporting

• Availability & choice of genotyping or surrogate genotyping assays
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Diffuse gliomas

25

What is the correct ‘integrated diagnosis‘ in the
following case?

Histology: Oligoastrocytoma
WHO grade: II
Molecular markers: IDH2 mutant, 1p19q codeleted, TERT 
mutation, ATRX retained

26

• A1. Oligodendroglioma, WHO grade II, IDH2 mutant and 1p19q codeleted

• A2. Oligoastrocytoma, WHO grade II, IDH2 mutant and 1p19q codeleted

• A3. Astrocytoma, WHO grade II, IDH2 mutant and 1p19q codeleted

• A4. Oligodendroglioma, WHO grade II, NOS

A1 is correct

Commonly used molecular techniques

27

• IDH genes: 

• Step 1: mutation-specific IDH1 R132H antibody

• Step 2: targeted IDH1/2 gene sequencing

• Screening of all lower grade gliomas (II-III)

• Screening of GBM, IV only in patients aged <55 years

• 1p 19q chromosomal arms: 

• Multiplex ligation probe amplification

• Fluorescence in situ hybridization

• MGMT promoter methylation:

• Pyrosequencing

• Methylation-specific PCR

CAVE: Analytical test performance, interlab comparisons

Advanced molecular techniques

28

• Gene-panel sequencing

• Exome/RNA sequencing

• DNA methylation array

• G-CIMP/IDH, copy numbers, MGMT

• CAVE: 

• Quality control / data standardization

• DNA quality of FFPE tissues

Glioblastoma

29

• Glioblastoma, IDH-wildtype (about 90% of cases)

• Glioblastoma, IDH-mutant (about 10% of cases) corresponds

closely to secondary glioblastoma

• Glioblastoma, NOS in cases without full IDH assessment

• Sequencing required for all patients > 55 years of age

Glioblastoma

Variant = Subtype of an entity of clinical utility
30

• New variant: Epitheloid glioblastoma

• Stratifies into established diagnostic subsets upon molecular diagnosis

BRAF V600E 

Louis et al, 
Acta Neuropath 2016
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Glioblastoma

31

• New pattern: Glioblastoma with primitive neuronal component

Pattern = Histological features without clear clinical significance

MYCN amp

Louis et al, 
Acta Neuropath 2016

Diffuse midline glioma

32

• K27M mutations in histone H3 gene H3F3A defines a group

New diagnostic entity

Mutation-specific antibody

Louis et al, 
Acta Neuropath 2016

Embryonal tumors

33

Greatest conceptual challenge

Dismissal of “PNET, primitive 
neuroectodermal tumor“
-> “Embryonal tumor“

How many medulloblastoma groups are
(currently) defined based on genetics?

34

• A1. 3

• A2. 4

• A3. 5

• A4. 9

A2 is correct

Medulloblastoma

35

Long established histological
groups

Four genetically defined groups

Northcott et al, Nature Reviews 2012

Medulloblastoma

36

Surrogate IHC markers
for pathway activation

+ TP53 sequencing
+ MYC amplification by FISH

Genetics & histology & clinical factors stratify patients into risk groups

Louis DN et al, Acta Neuropathol 2016
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New risk stratification since 2016

Kuzan-Fischer et al, Clinical Neurosurgery, 2017 37

Other embryonal tumors

38

• Dismissal of PNET, primitive neuroectodermal tumor

• Instead:

• C19MC-amplified Embryonal tumor with multilayered rosettes

• ETANTR + ependymoblastoma + medulloepithelioma

• Immunohistochemical marker LIN28

• Atypical teratoid/rhabdoid tumor (AT/RT)

• defined by INI1 or very rarely BRG1

• Immunohistochemical marker SMARCB1/INI1

• Wastebasket category for all others: CNS embryonal tumor, NOS

Other tumors: Ependymoma

39

• WHO grading of unclear clinical significance

• One narrowly defined subgroup: Ependymoma, RelA gene fusion

• Drives NFkappaB signaling (outside of the mutation box!)

• Majority of supratentorial tumors in children, poor prognosis!

• L1CAM expression as immunohistochemical surrogate

New diagnostic entityM Parker et al. Nature (2014)

Neuronal and mixed neuronal-glial tumors

40

Diffuse leptomeningeal glioneuronal tumor

• Mostly in children

and adolescents

• Histologically

reminiscent of

oligodendroglioma

New diagnostic entity

BRAF-KIA gene fusion

1p del
Louis et al, 
Acta Neuropath 2016

Meningioma

41

• Classification and grading not revised

• Except: brain invasion as a criterion for atypical meningioma, WHO 

grade II

• Mitotic count (5 mitoses per 10 high-power fields) or

• Brain invasion is sufficient

Brain invasion Mitotic count

NEW

Solitary fibrous tumor - hemangiopericytoma

42

• Soft tissue pathologists moved away from the designation

hemangiopericytoma

• Considered within the spectrum of solitary fibrous tumors

• Both share genetic constellations, most notably STAT6 gene fusion

-> one common entity

• Grade I-III

• Grade I: highly collagenous, low cellularity

• Grade II: more cellular, less collagenous „staghorn“ vessels

• Grade III: + 5 mitoses per 10 high-power fields
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Summary

43

• Substantial step forward & paradigm change

• Introduction of molecular parameters

• Challenge molecular marker testing!

• Associated changes of diagnostic format

• Integrated diagnoses (CAVE time delay to molecular results)

• Greatest impact on diffuse gliomas & embryonal tumors

• More objective and precisely defined entities for enhanced patient

management

Reactions

44

Outlook next WHO classification

45

• Diffuse gliomas

• WHO grading system will be revised

• Pediatric low-grade gliomas

• Integrated diagnoses will be introduced, e.g., for BRAF gene fusion

in pilocytic astrocytomas

• Ependymoma

• WHO grading will be revised

• Meningioma

• WHO grading will be revised

• DNA methylation profiling might be introduced (?)

Asking neuropathologists in 2016 post WHO

46

11th European Congress of Neuropathology, Bordeaux, France

Aim: Assessing practice patterns regarding adult diffuse glioma during times of

transition

• Which molecular markers have already been incorporated in routine practice

• Which molecular techniques are in daily use or will be implemented in the near future

• Set a baseline for future assessments

Methods: Structured survey distributed onsite and among Euro-CNS members

130 Respondents from 40 countries

47

No of respondents    

0           1      

2-4        5-14       15+      

• 93.8 % indicate to work as (neuro-

)pathologist

• 75 % report to work within Europe

• Single respondents from 17 different 

countries (in red)

Woehrer et al, Clin Neuropathol 2017 48

1. How would you rate the relevance of molecular marker
testing in diagnostic neuropathology?

0            25              50             75         100 %

Very important
Important
Something to consider
Not important

Yes     Occasionally      No

0             25             50             75          100

2. Do you currently use
molecular information
for diagnostic purposes?

3. Do you use
„oligoastrocytoma“ as
histological diagnosis?

%

Woehrer et al, Clin Neuropathol 2017
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4. Which molecular markers do you routinely test for
neuropathological work-up of diffuse gliomas?

0            25              50             75            100

IDH1

IDH2
1p 19q

MGMT

ATRX
TERT

Other

Yes    No

%

Woehrer et al, Clin Neuropathol 2017 50

4. Which molecular markers do you routinely test for
neuropathological work-up of diffuse gliomas?

Eu Af SA         
As         NA     Au

High                         Low

Yes            Sometimes             
No

Yes      No

High     Low Income

Yes    No

*Gross Domestic Product

64 % Limited access §

§

§

§

§

Woehrer et al, Clin Neuropathol 2017
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4. Which molecular markers do you routinely test for
neuropathological work-up of diffuse gliomas?

High within-country heterogeneity

Yes      No

High                  Low

Yes      Sometimes
No

High    Low Income

10+ responses

Woehrer et al, Clin Neuropathol 2017 52

5. Which molecular techniques and platforms do you
currently use?

Gene panel sequencing

Targeted gene sequencing

Methylation-specific PCR

Pyrosequencing

Fluorescence in situ hybridization

Multiplex lig.-depend. probe amplification

Methylation array

Yes       No

0             25             50             75            100%

Woehrer et al, Clin Neuropathol 2017

53

5. Which molecular techniques and platforms do you
currently use?

Yes   No

Yes     No

Eu Af SA        
As         NA     Au

High                    Low

Yes        Sometimes
No

High     Low Income

> 50 % No access §

V
ar

ia
bl

e
co

m
bi

na
tio

ns

§

≈ Mutually
exclusive

Woehrer et al, Clin Neuropathol 2017 54

5. Which molecular techniques and platforms do you
currently use?

High                   Low

Yes         Sometimes
No

Yes    No

High    Low Income

High within-country heterogeneity
(might indicate centralization of diagnostic
services)

Woehrer et al, Clin Neuropathol 2017
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6. Which additional platforms are you going to implement
within the next 1-2 years?

0             10             20             30             40

Gene panel sequencing

Targeted gene sequencing

Methylation-specific PCR
Pyrosequencing

Fluorescence in situ hybridisation

Multiplex lig.-depend. probe amplification

Methylation array

No of respondents

Whole Exome/Genome/RNA seq

Other

None

60 % of neuropathologists aim at implementing one additional technique

• Limited 
resources

• Already
broad
access

56

6. Which additional platforms are you going to implement
within the next 1-2 years?

0             10             20             30             40

Gene panel sequencing

Targeted gene sequencing

Methylation-specific PCR
Pyrosequencing

Fluorescence in situ hybridisation

Multiplex lig.-depend. probe amplification

Methylation array

No of respondents

Whole Exome/Genome/RNA seq

Other

None

6

2.7

1.9

1.5

4.5

1.3

10

8

4

3.7

High        Low Income

57

Yes     No      No comment

7. Are you 
concerned about 
the analytical test 
performance of any 
of those markers?

8. If yes, which 
marker would 
you rate most 
problematic?

IDH1

IDH2

1p 19q

MGMT

ATRX

TERT

Other

0              5              10             15            20

0                25                   50                 75              100

No of respondents

%

Woehrer et al, Clin Neuropathol 2017 58

9. Is there a need for 
guidelines on marker 
testing?

10. Would you be 
willing to participate in 
a ring trial?

Yes      No      Uncertain 

0             25             50             75         100%

Woehrer et al, Clin Neuropathol 2017

Summary

59

• Post 2016 WHO survey focused on neuropathologists

• Neuropathologists uniformly rate molecular marker testing as highly
relevant and already incorporate molecular information in their
diagnostic assessments

• Differences in access to crucial biomarkers and molecular
techniques across geographic regions AND within individual 
countries

• Concerns regarding the validity of test assays (with MGMT, 1p 19q, 
and ATRX being perceived most problematic) underline the need for
consensus guidelines on molecular marker testing (cIMPACT now, 
Euro-CNS)

Woehrer et al, Clin Neuropathol 2017

Thank you.

60
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• CT and routine MRI protocol

• Anatomic Imaging

• Metabolic Imaging

• Physiological Imaging

• Functional Imaging

• Pros and Cons Imaging followup

• 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 



CONVENTIONAL STRUCTURAL MRI 
BRAIN TUMOURS

• MRI: routine protocol

• 3D 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 Imaging (DWI)

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

• Susceptibility-weighted imaging (SWI)

• 3D Contrast enhanced T1 weighted sequences



Oligodendroglioma Lymphoma Meningiomas Multiple Mets

CONVENTIONAL STRUCTURAL MRI 

• Anatomical Location (Intra or extra-axial)
• Extent of tissue involvement
• Mass effect upon brain, ventricular system and vasculature
• Suggest a short list of differential diagnosis (particularly in  t

he clinical context)



Pitfall: 
Non enhancing

astrocytoma grade III 
IDH1 negative,1p 
19q non codeleted

GBM LYMPHOMA HEMANGIOBLASTOMA

• Pattern of enhancement

CONVENTIONAL STRUCTURAL MRI 



Pitfall: VASOGENIC EDEMA vs INFILTRATING TUMOUR

CONVENTIONAL STRUCTURAL MRI 



PHYSIOLOGICAL IMAGING
DWI MRI

• Probes Brownian motion of water molecules
• Assess tumor cellularity, peritumoral edema, regions of tumor

hypoxia, integrity of white matter
• Corresponding ADC values reflect the magnitude of diffusivity



PHYSIOLOGICAL IMAGING
DWI MRI

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

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

• Postoperative ischemia

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

High ADC values
Ependymoma

Low ADC values
Medulloblastoma



PHYSIOLOGICAL IMAGING

DWI- MRI

DWI 24h postop DWI 6 wk postop



PHYSIOLOGICAL IMAGING

DWI- MRI

M. Berger et al. Neurosurgery 2000



PHYSIOLOGICAL IMAGING

SWI-MRI
Sensitive to blood products, microvessels and calcium

Oligodendroglioma



PHYSIOLOGICAL IMAGING

PERFUSION MRI

• Provides hemodynamic informations and estimates the cerebral blood volume that reflect 
the underlying microvasculature, marker of angiogenesis

• 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



TUMOR MIMICS
Ring- enhancing lesions

 Demyelination
• Incomplete peripheral enhancement

 GBM
• More irregular enhancement

 Infection
• Toxoplasmosis, neurocysticercosis, TB, Abscess, 

Nocardia

 Lymphoma
• Ring-enhancement if immunocompromised

 Metastases
Met GBM



TUMOR MIMICS
Ring- enhanicing lesions

 24 yy, Multiple sclerosis
 Ring-enhancement that opens toward the cortex



TUMOR MIMICS
Ring- enhanicing lesions

 ADEM
 4 months later lesion resolved



TUMOR MIMICS
Ring- enhanicing lesions

Abscess

Vs

Lung Met



TUMOR MIMICS
Ring- enhanicing lesions

 Neurocysticercosis as opposed to low grade solid neoplasm



TUMOR MIMICS
Ring- enhanicing lesions

3 months later

 Tumefactive demyelination as opposed to glioma 



TUMOR MIMICS

 Subacute stroke: in doubts re-image 2 weeks later



TUMOR MIMICS

 Vasculitis with microthrombosis as opposed to tumour



TUMOR MIMICS

 Radiation Necrosis  vs Recurrent High Grade: 
 (G)  Arterial Spin Labeling Perfusion Imaging

ASL-MRI: measure tumour perfusion. No Gd administered, No Gd extravasation 



ANATOMIC IMAGING
EARLY POSTOP MRI

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

to month, and mimics tumour
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, slice thickness and gaps between slices



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/ration 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 manifest 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 III

GBM Grade IV



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 correlates with high tumor proliferative index
Lower grades are associated with elevated MI/Cr ratio

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

Provides insight into the biochemical profile



PHYSIOLOGICAL IMAGING

MRI SPECTROSCOPY

Villanueva-Meyer et al. Neurosurgery 2017



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



Navigated Trans-Cranial Magnetic Stimulation



WHITE MATTER TRACTS – DTI MR



WHITE MATTER TRACTS - fMRI+DTI



TMS for movement (above) with hand and foot region outlined (black and green circles, 
respectively. TMS for language (below), with 2 spots where hesitation was found (white spots)





Neuro-oncology
Multimodal imaging

and 
Intraoperative mapping

to maximise extent of resection



IMAGING of TREATMENT RESPONSE

PROGRESSION

• Multifocality
• Signal abnormality extending across corpus callosum
• Subependymal involvement
• Low ADC values



IMAGING of TREATMENT RESPONSE

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) – up to 30% of high grade gliomas, also seen in low grade gliomas-

-more frequent in MGMT Met tumours

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

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

RANO criteria: within the first 12 weeks following completion of radiotherapy,
progression can only be determined if new enhancement is seen outside of
the radiation field or if there is histopathological confirmation



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).

Pseudo-response might be an indicator of subsequent favourable response

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)

IMAGING of TREATMENT RESPONSE

PSEUDO-RESPONSE

RANO Criteria for pseudoresponse: greater than 50% 
reduction in contrast enhancement without a significant 

decrease in nonenhancing tumour. 
Decreased enhancement should persist more than 4 

weeks to be considered true response.



IMAGING LONG-TERM COMPLICATIONS OF THERAPY

SMART SYNDROME

• Remote history of intracranial irradiation
• Headaches and neurological deficits
• Cortical contrast-enhancement
• SWI – Microhemorrhages (delayed radiation toxicity on cerebral microvasculature)



IMAGING LONG-TERM COMPLICATIONS OF MRI Gad

Lancet Neurol 2017; 16: 564-70

Deposition in 
perivascular glial cells

?Clinical Significance



MODERN IMAGING OF BRAIN TUMOURS
TAKE HOME MESSAGE

• Modern imaging offers a series of extraordinary
complementary tools in diagnosis, treatment and followup
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
TAKE HOME MESSAGE

Thank You!
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Role of the
Neuro-oncological Surgeon

 Relieve mass effect and intracranial pressure

 Symptoms relief

 Solve or prevent hydrocephalus

 Allow steroids withdrawal

 Provide tissue for histological and molecular diagnosis

 Support adjuvant treatments

 Improve PFS and OS 

 Preserve Quality of Life



Mastering Neurosurgical Oncology
Anatomy – White Matter Fiber Dissection



Mastering Neurosurgical Oncology
Advanced Microsurgical Techniques



Neuroanatomy 
White Matter Dissection technique

Intraoperative imaging 
techniques and other tech

Mastering Neurosurgical Oncology
Mapping Techniques and Neuromonitoring



Mastering Neurosurgical Oncology
Intraoperative Enhanced Imaging

5-ALA

ICG indocyanine green Intraop Ultrasound

Neuronavigation
TMS integrated



Mastering Neurosurgical Oncology
Minimally Invasive Techniques for deep seated lesions

5-ALA

3D Exoscope
Brainpath

Nico



Posterolateral Approach 
Anatomy + Microsurgical techniques + Monitoring



Hockey Stick suboccipital incision

Posterolateral Approach 
Anatomy + Microsurgical techniques + Monitoring



Posterolateral Approach 
Anatomy + Microsurgical techniques + Monitoring



Posterolateral Approach

Postop: complete resection



Transylvian Approach Oligo IDH1+ 1p;19q codel, ATRX not mut of the anterior fusiform gyrus
Anatomy + White Matter + Microsurgery



Interfascial dissection of the 
VII c.n. fat pad

Transylvian Approach Oligo IDH1+ 1p;19q codel, ATRX not mut of the anterior fusiform gyrus
Anatomy + White Matter + Microsurgery



Transylvian Approach
Postop: complete resection



Anterior Interhemispheric: Rosette-forming Glioneural tumour WHO grade I/II
Anatomy + Microsurgery



Anterior Interhemispheric
Post-op: complete resection



Interhemispheric Transpecuneous Approach Dominant side: meningioma grade I WHO
Anatomy + white fibers + Microsurgery + image guidance



Preservation 
of visual and 
language 
pathways

Interhemispheric transprecuneous approach
Left Intraventricular Meningioma: complete resection



Subtemporal Approach to the posterior fusyform gyru: low grade
Anatomy + Microsurgery + ICG

C.Brogna, R. Bhangoo et al. 2015



 30yy
 Li-Fraumeni syndrome
 Previous bilateral mastectomy

Low Grade Glioma of the Right SMA+Cingulum+Corpus Callosum
Anatomy + White matter + Microsurgery + Intraop Mapping



caudate

Corticospinal 
tract

falx

Low Grade Glioma of the Right SMA+Cingulum+Corpus Callosum
Anatomy + White matter + Microsurgery + Intraop Mapping



Verbal Comprehension
Perceptual Reasoning
Working Memory
Processing Speed

AVERAGE 
SCORING



Beyond Motor and Language

Fernandez-Coello et al. J Neurosurg, 2013





Aleep-Awake-Asleep Left Supramarginal Low Grade
Anatomy – Functional networks – Mapping – Neuronav



Subtemporal Approach to the fusyform gyrus

High grade Glioma - Preservation of the lateral dominant neocortex 

Anatomy + White Matter + Microsurgery + 5-ALA



Intraoperative use of 5-ALA

Residual 
tumour

Tumour
sampling

Tumour
Identification



Ependymoma Lymphoma

Malignant MeningiomaFluorescent 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



Right Quadrangular/Central Lobe High Grade
Anatomy + Functional networks + Mapping + Neuronav + 5-ALA + Ultrasound 



Right Quadrangular/Central Lobe High Grade
Anatomy + Functional networks + Mapping + Neuronav +5-ALA 



Giant Exophytic Meningioma
Planning ahead, Radiosurgery/Reconstructive Surgery



Giant Exophytic Meningioma
Planning ahead, Radiosurgery/Reconstructive Surgery



Giant Exophytic Meningioma
Planning ahead, Radiosurgery/Reconstructive Surgery



Exophytic Meningioma
Planning ahead, Radiosurgery/Reconstructive Surgery



Exophytic Meningioma
Planning ahead, Radiosurgery/Reconstructive Surgery



Subcentral Gyrus Metastasis
Anatomy + Microsurgery + Minimally Invasive appraoch



Exo-scope VS Endo-scope

First European Clinical Experience with a 

3D High-Definition Exoscope System for Microneurosurgery





EXOSCOPE INTRAOPERATIVE SETTING



 Known oligodendroglioma grade II 
 Epilepsy

Aleep-Awake-Asleep Right SMA/Cingulum Low 
Grade

Anatomy – Functional networks – Mapping – Neuronav+TMS







Aleep-Awake-Asleep Left SMA/Cingulum Low Grade
Anatomy – Functional networks – Mapping – Neuronav+TMS



Exoscope + NICO + Brain Path
Deep seated brain mets
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Brain and CNS Tumours
Europe

30.715 new cases
24.551 deaths per year



Low Grade and High Grade Gliomas

• Difficult to treat due to their propensity to infiltrate deep into 
surrounding parenchyma

• An increasing body of evidence suggests that extent of surgical 
resection affect
 both overall and progression-free survival

 Time to malignant transformation

 Seizure control

• Predictive of patient outcome:
 Extent of resection

 Age

 Tumour histology

 Molecular Markers (1p19q Co-deletion, IDH status, MGMT Meth, ATRX Mut)



Low Grade and High Grade Gliomas

• Predictive of patient outcome:
 Extent of resection

 Age

 Tumour histology

 Molecular Markers (1p19q Co-deletion, IDH status, MGMT Meth, ATRX Mut)



Low Grade
An Evidence Based Approach

• Since 1990, 25 studies are in favor of extent of resection to improve OS and PFS

• Mean survival benefit from 61.1 to 90 months with maximal resection



Gross Total Resection impacts 
natural history of low-grade gliomas

• Malignant transformation ranges between 4 and 29 months

• 45% of WHO grade II undergo anaplastic tranformation in 5 
years

• If resection > 90%
 Median time to progression: 5.5 years

 Median time to malignant transformation: 10.1 years

 5yy survival rates is 97% (vs 76% if extent of resection <90%) 

Smith JS, Chang EF, Lamborn KR, Chang SM, Prados MD, Cha S, Tihan T, Vandenberg S, McDermott 
MW, Berger MS (2008) Role of extent of resection in the long-term outcome of low- grade hemispheric 
gliomas. J Clin Oncol 26:1338–1345



Low Grade
An Evidence Based Approach

Jakola et al. JAMA, 2012

• Population-based natural history study
• 153 pt, 2 hospitals serving two different regions
• Treatment dependent on residential address

• A) Biopsy + Watchful waiting
• MS 5,9 yy
• 5 year survival: 60%

• B) Maximal safe resection
• No reach of MS by the end of 

the study
• 5 year survival: 74%



Incidentally discovered low-grade
surgical resection

• In favor
 Pallud J, Fontaine D, Duffau H, Mandonnet E, Sanai N, Tail- landier L, Peruzzi P, 

Guillevin R, Bauchet L, Bernier V, Baron MH, Guyotat J, Capelle L (2010) Natural 
history of incidental World Health Organization grade II gliomas. Ann Neurol
68:727–73330. 

 Potts MB, Smith JS, Molinaro AM, Berger MS (2012) Natural history and surgical 
management of incidentally discovered low- grade gliomas. J Neurosurg 116:365–
372

• Due to:
 Identifying gliomas of smaller size has a greater likelihood of gross-total resection

 Perioperative seizures 0-3% de Oliveira Lima GL, Duffau H (2015) J 
Neurosurg 122:1397–1405



• Seizure free patients:

 43% Subtotal lesionectomy

 79% Gross-total resection 

 87% Lesionectomy + hyppocampectomy/neocortical resection 

Low Grade gliomas

Seizure control impacts quality of life

Ruda R, Bello L, Duffau H, Soffietti R (2012) Seizures in low- grade gliomas: natural history, 
pathogenesis, and outcome after treatments. Neuro Oncol 14(Suppl 4):iv55–6435. 

Englot DJ, Han SJ, Berger MS, Barbaro NM, Chang EF (2012) Extent of surgical resection predicts 
seizure freedom in low- grade temporal lobe brain tumors. Neurosurgery 70:921–928



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



High Grade gliomas
An Evidence Based Approach 

• 33 publications
• Extent of resection 

improves TTP and OS

 After gross total resection
 WHO grade III OS 64.9-75.2 m
 WHO grade IV OS 11.3-18.5 m 

Recurrent GBM benefits from 
gross total resection (selection bias)

 19m total vs 15. for subtotal

Bloch O, Han SJ, Cha S, Sun MZ, Aghi MK, McDermott MW, Berger MS, 
Parsa AT (2012) Impact of extent of resection for recurrent glioblastoma on 
overall survival: clinical article. J Neurosurg 117:1032–1038



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

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

Brain Metastases
An Evidence Based Approach 



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



Intracranial Dermoid and Epidermoid tumours
Value of surgery

• 1-2% of all intracranial tumours. Congenital, slow-growing
• Develop between 3rd and 5th weeks of gestation from 

ectodermal remnants during neural tube formation
• ”Pearly tumours” (Cruveilhier)
• “The most beautiful tumours of the body (Dandy)



Intracranial Dermoid and Epidermoid tumours
Value of surgery

Preventing aseptic meningitis: 
 Tumor capsule excision
 Copious irrigation
 Dexamethasone 



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%



250 pts
1.6% of patient with language deficits at 6 months

Negative sites for language 
of the dominant 
hemisphere



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





Radiotherapy – Preparing the patient for 
treatment

G. Pesce
Radiation Oncology
Oncology Institute of Southern Switzerland

Bellinzona and Lugano - Switzerland

G. Pesce
Radiation Oncology
Oncology Institute of Southern Switzerland

Bellinzona and Lugano - Switzerland



• What is the real goal of the radiotherapist?
 Achive Local Control

 Reduce toxicity

 Improve Survival

 Maintain Quality of Life



Team Work in neuro-oncology

1. Surgery: improved cure rate and reduced morbidity
1. microsurgery

2. intraoperative monitoring (function and tumor/healthy tissue 
dicrimination)

2. Radiotherapy: improved cure rate and reduced toxicity
1. Treatment accuracy (target vs OAR)

2. Curative dose increase

3. Combination with drugs

4. Possibility of repeated treatments

3. Medical therapy: better specificity,bioavailability, improved 
tolerance
1. chemotherapy 

2. targeted agents

1. Surgery: improved cure rate and reduced morbidity
1. microsurgery

2. intraoperative monitoring (function and tumor/healthy tissue 
dicrimination)

2. Radiotherapy: improved cure rate and reduced toxicity
1. Treatment accuracy (target vs OAR)

2. Curative dose increase

3. Combination with drugs

4. Possibility of repeated treatments

3. Medical therapy: better specificity,bioavailability, improved 
tolerance
1. chemotherapy 

2. targeted agents



Facing the patient

• Create a comfortable ambience

• Warrant a proficient team

• Iformed consent, take enough time for explanation of the 
positioning process (mask e.g.)

• Show examples, images, visit the CT simulator, and the 
treating room, when needed

• Many patients suffer from deficits and may need written
information



Radiotherapy – Preparing the patient for 
treatment

• Diagnostic accuracy

• Simulation and positioning

• Contouring

• Planning (Beam setting, Dose calculation, DVH 
evaluation, etc.)

• Image guidance



Radiotherapy – Preparing the patient for 
treatment

• Diagnostic accuracy

• Simulation and positioning

• Contouring

• Planning (Beam setting, Dose calculation, DVH 
evaluation, etc.)

• Image guidance



Diagnosis

• Clinical diagnosis should be appropriately tailored within
the context of the patient’s disease

 Primary

 Metastatic disease

 Setting: is it an emergency or may be planned

• Relevant hystologic definition
 Is a biopsy requested?

Is surgery indicated before radiotherapy

• Disease extent definition
 Imaging

 Lab, etc.



CNS Primary tumors: imaging



CNS Primary tumors: imaging

https://image.slidesharecdn.com/pediatricbraintumors

https://image.slidesharecdn.com/pediatricbraintumors


CNS Primary tumors: imaging

https://image.slidesharecdn.com/pediatricbraintumors

https://image.slidesharecdn.com/pediatricbraintumors


CNS Metastases: imaging

https://image.slidesharecdn.com/pediatricbraintumors

https://image.slidesharecdn.com/pediatricbraintumors


Radiotherapy – Preparing the patient for 
treatment

• Diagnostic accuracy

• Simulation and positioning
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• Planning (Beam setting, Dose calculation, DVH 
evaluation, etc.)

• Image guidance



Radiotherapy – Preparing the patient for 
treatment

• Diagnostic accuracy

• Simulation and positioning

• Contouring

• Planning (Beam setting, Dose calculation, DVH 
evaluation, etc.)

• Image guidance



The right position



Immobilisation

• What is the intent of the treatment?

• What is the volume to treat?

• What level of precision do you need?



Simulation in treatment position



Virtual simulation



Virtual simulation



Immobilisation tools

Body
– Lining

– Laser

– Table (robotic 6D, 
or not)

Head
– Mask

– Frame

– pillows



Do Frameless and Don’t Frame-based
• Non-invasive immobilisation
• Convincing data on Frameless techniques 

accuracy
• Possibility of dose fractionation
• Patient’s Comfort

• Non-invasive immobilisation
• Convincing data on Frameless techniques 

accuracy
• Possibility of dose fractionation
• Patient’s Comfort



http://i.dailymail.co.uk/i/pix/2011/12/10/article-0-
0F20AFBB00000578-489_634x422.jpg

http://i.dailymail.co.uk/i/pix/2011/12/10/article-0-


Radiotherapy – Preparing the patient for 
treatment

• Diagnostic accuracy

• Simulation and positioning

• Contouring

• Planning (Beam setting, Dose calculation, DVH 
evaluation, etc.)

• Image guidance



Radiotherapy – Preparing the patient for 
treatment

• Diagnostic accuracy

• Simulation and positioning

• Contouring

• Planning (Beam setting, Dose calculation, DVH 
evaluation, etc.)

• Image guidance



Planning

• Volumes

• Target(s)

• OAR



Selecting the correct imaging for planning

Disease Imaging Sequence, etc.

Lower grade glioma MRI T2, FLAIR, 

High grade glioma MRI T2, FLAIR, T1 gado

Acoustic Neuroma MRI T2, FLAIR, CISS (1), 
DRIVE (1)

Brain Metastases CT, MRI c.e., T1 gado

Meningioma MRI T1 gado

(1): CISS and DRIVE are useful for cochlaea and other membranous structures
Aminoacid PET and fMRI are investigational



Conventional conformal radiotherapy of high grade glioma

Defining the treatment volume

Courtesy-modified from M. Brada



Defining the treatment volume

Conventional conformal radiotherapy of high grade glioma

Courtesy-modified from M. Brada



Contouring for brain mets

• WBRT

• WBRT SIB

• SRS

• Multiple BM SRS

• HFSRT



Left/right hIppoc. mean dose = 12.9 /12.5 Gy
Left/right lens mean dose = 8.8 / 8.3 Gy

RapidArc: multiple brain mets+WB (3)

Mets: 15x 3.0 Gy = 45 Gy WB 15 x 2.0 Gy = 30 Gy

4 
isocentric 

arcs 

The picture can't be displayed.

The picture can't be displayed.

Mets

Lens

Hyppocampi

WB

128-111-124-26 MU 
73+73+73+15 sec

Σ3mets: 35.4 cm3        WB:1730 cm3

30



Contouring for meningioma

• Postoperative RT (Simpson? Grade?)

• FSRT for Sin Cav meningioma

• SRS for small convexity meningioma

• Protons for base of the skull

• Margin?

• Dural Tail?



Radiotherapy – Preparing the patient for 
treatment
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• Contouring
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Radiotherapy – Preparing the patient for 
treatment
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evaluation, etc.)

• Image guidance



Planning

• Build the radiotherapy plan on a solid imaging acquired in 
a confortable, reproducible position

• The majority of plans are calculated on CT scans (without
contrast)

• MRI only planning is promising, but still experimental

• The Planning CT may be fused with other enhancing
techniques in order to improve accuracy

 MRI (T1+gado, T2, FLAIR, other)

 CT with contrast

 Aminoacid- CT-PET



Beam shaping, geometry

• Photons, Particles (Protons, Carbon Ions)

• Energy

• Precision needed

• 3D CRT, IMRT, SRT, etc.



A single brain met from NSCLC
5 x 8 Gy = 40 Gy

1 single arc

1492 MU 
152 sec

PTV: 4.1 cm3

PTV

Brain

MR_T1 FFE Gd

Dose calculation grid:

1.25mm

36



Verification for Image guidance

• Precision needed

• The Tools I have…. 
Are they enough?

• How often?



Verification: CBCT



Verification: CBCT



Verification: ExacTrac®



Verification: ExacTrac®



Improved accuracy of dose delivery
reducing margin for inaccuracy & microscopic spread

Courtesy-modified from M. Brada



Verification

• Comparison between ExacTrac, 3D CBCT and 6D CBCT

• Minor, but not negiglible variations



Conclusions

• First requirement is the proper setting to discuss and help 
the patient well understand and helping him and his
caregivers to take part to the decisions

• Proper explanation and preparation of the 
simulation/positioning will avoid, anxiety, errors and 
improve patient’s wellbeing

• Buy the better technology you can, based on scientific
evidence (tools, not toys)
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year – conference/short  presentation title - name

Radiotherapy- treatment techniques
wide field irradiation

CS and WBRT

Karin Dieckmann

Rolf Kortmann

Department of Radiotherapy

Medical University of Vienne



 Conventional technologies
(according to simulation based technique)

 IMRT

 V-MAT technologies

 Tomotherapy

 Protontherapy (different technologies)

Techniques



Whole Brain Radiotherapy

• Anterior cranial fossa

• Middle cranial fossa

• Posterior fossa

A margin of 1-2cm margin to the base of the brain includes
the foramina which the cranial nerves exit.

Cribriform plate

Skull base



Standard CSRT Technique

van Dyk et al 1977 (IJROBP 2: 993-1005)



isocentre

tumour

Spinal canal 

rotation of collimator
according to divergence

angle of upper spinal field

SSD : source to skin distance

SSD
100 cm

SSD
100 cm

moving junction

Junction lines are moved 0.5-1.0 cm every 8-12 Gy
to avoid overdosing or underdosing segments of the cord

Procedure: 
1. shortening the inferior margin of the lateral cranial fields
2. Symmetrically lengthening the superior and inferior margins

of the posterior spine field
3. Shortening the cranail margin of the caudal spinal field
4. The caudal spinal field remains unchanged

Technical Procedure



Areas at Risk

isocentre

tumour

Spinal canal 

rotation of collimator
according to divergence

angle of upper spinal field

SSD : source to skin distance

SSD
100 cm

SSD
100 cm

1. Leptomeningeal space
(subclinical disease / „low risk“)

2. Posterior fossa
(subclinical disease
„high risk“ ?)

3. Tumour site
(residual tumour
R1-2)

Mmmoving junction
boostfield to

posterior fossa



CT planning CSA 

1. Coverage of
target volume

2. Homogeneous
dose distribution

Medulloblastoma



Parker et al., 2010

Craniospinal Irradiation 
Tomotherapy (IMRT)

Advantage: homogeneous dose distribution
(no field junctions)
integrated boosts possible

Disadvantage: higher dose exposure to non- target tissue

Simultaneous, integrated boost to metastases



Timmermann et al., 2007

Craniospinal irradiation
Protons spot scanning technique

Advantage: homogeneous dose distribution (no field junctions)
lower dose to non-target tissue (reduced risk for 2nd 

malignancies)
Disadvantage: high costs



Target Volumes

 Optic nerve

Craniospinal Axis

 Posterior Fossa

 Tumour Bed

Do we known how to define the targets ?



Target Volume for CSRT Spine



Target Volume (CTV) / Cranial Fields 

Meninges surrounding whole brain and 
ventricular system

 Particular attention to cribriform fossa, 
temporal fossa, base of skull,
Caudal extend of the tecal sac

 Irradiate the full width of vertebrae for children



Target Volume for CSRT



Spinal CTV and PTV

CTV

PTV

Extensions of nerve roots as far as intervertebral 
foramina



Target Volume for CSRT Sacral Roots

Meninges extending to the lower 
border of the thecal sac as determined 
by MR scanning



CSRT – Thecal Sac



Target Volume for Tumour Bed RT

GTV:
Any residual tumour on imaging

 Post-surgical cavity including tumour/brain interface 
prior to resection

Allow for post-surgical changes to anatomy CTV 
margin 

 PTV according to institutional policy



Medulloblastoma -Tumour Bed Boost



Treatment Plan / Isodose
Distribution



Treatment Plan / DVH / Median Dose

Kidney left
2.6 Gy

Kidney right
2.2 Gy

Lens left
9.5-11.2 Gy

Lens right
4.3-14.2 Gy

Larynx
4.8 Gy

Scalp
33.7 Gy

Parotid left
31.1 Gy

Parotid right
33.5 Gy

Heart
23.1 Gy



A B C

conventional photons            spot scanned protons                  IM photons

Comparative dose distributions in a sagittal plane 
through the center of the spinal axis 



Optimisation of the ventral dose distribution

CSI with Protons



CSI with Protons in a 5 years old boy

Whole vertebras are included into the PTV



CSI protons: n=21
CSI photons: n=19
Dose 30.6 Gy/50.4Gy

Dose reduction
• Thyroid gland
• Esophagus
• Heart
• Lungs
• Liver
• Stomach
• Bowel
• Ant. vertebral body

Proton CSI Photon CSI



P-CSI
X-CSI

-1.2% (range +14 to -8.4%)
-5.8% (range +5.8to -17.1%)

p=0.004

P-CSI
X_CSI

+0.1% (range +14.6 to -14.2%)
-4.4%  (range 12.2 to-23%)

P=0.1

Weight loss

• GI toxicities (nausea, vomiting, dysphagia, anorexia and weight loss)  
are relatively common and can affect outcomes and quality of life.

• P-CSI had significant less weight loss and better recovery.

• GI toxicities (nausea, vomiting, dysphagia, anorexia and weight loss)  
are relatively common and can affect outcomes and quality of life.

• P-CSI had significant less weight loss and better recovery.



WBC P-CSI
x-CSI

55% (13-100%)
46% (25-84%)

P=0.04

Hemo-
globin

P-CSI
x-CSI

97% (76-113%)
88% (74-100%)

P=0.009

Platelets P-CSI
x-CSI

65% (36-108%)
48% (5-78%)

P=0.05

WBC P-CSI
x-CSI

78% (24-139%)
56% (18-146%)

P=0.1

Hemo-
globin

P-CSI
x-CSI

105% (74-124%)
88% (68-106%)

P=0.002

Platelets P-CSI
x-CSI

87% (41-266%)
73% (17-158%)

P=0.1

• P-CSI experienced significantly smaller reductions in blood counts
than x-CSI

• Better recovery one month after RT in  P-CSI than after x-CSI patients

Median percentage of baseline WBCs, hemoglobine, platelets



Prescribed dose 23.4 RBE Photons Protons

V 10 cranial 100% 59.5%-76%

thoracic 29.9% - 34.6%

lumbal 20.6% - 25.1%

V20 cranial 99% 17.8% - 20 %

thoracic 7.2%   - 7.6%

lumbal 4%      -4.6%

Giantsoudi et al. 2017



Unpublished data

Michal Devecka

• Increasing mean vertebral dose is
significantly associated with Nadir
in WBC (thrombocytes,hemoglobin)
after one month.

• More suff. Techniques can
reduceBone marrow side effects.

Plan comparison:  
• 3D-CRT
• Original HT
• Optimized HT



11 Pat. conv. : 23,4 Gy CSA / 54 Gy PF
15 Pat. IMRT : 23,4 Gy CSA / 36 Gy PF / 55.8 Gy tumorbed

Reduction of Ototoxicity by RT Technique

Huang et al., 2002

Tumorbed / IMRT Post. Fossa / Conv.

Tumor bed

Posterior fossa

Protection of Inner the Ears /Medulloblastoma



Protons IMRT

Protection of Inner the Ears / Protons vs IMRT

Tarbell et al., 2003



Quality of RT



anterior cranial fossa shielded

„Helmet technique“ 

C. Carrie et al, 1994
relapse



Author/
study

Pat. ”low quality” ”high quality” Survival Significance

Packer et 
al., 1991 

108 RT 1975 -82
n=67

RT 1983-89
n=41

49% vs.82% 5-y PFS Significant
P=0.004

Graben
bauer et al., 
1996

40 RT before 1980 RT after 1980 5-y overall survival
64% versus 80% 

Significant
p=0.02

Miralbell, et 
al.1997

77 36 inadequate
„helmet-
technique“ 

41 adequate
„helmet-
technique“

5-y PFS
94 % versus 72 %

Significant
p=0.016

Carrie et 
al., 1999 

169 Min. viol. :67 
(40%) 
Maj. Viol. :53 
(31%),
Of these :
36 one maj.
Viol. 
11 two maj. Viol.
6 three maj.Viol.

49 (29%) 3 y. relapse rate
33% : all patients
23 % : corr. 
Treatment
17% : one maj. Viol.
67% : two maj. Viol.
78%  : three maj.
Viol.

Significant.
P=0.04

Packer et 
al., 1999 

63 Violations : 20 No viol.: 43 5-y PFS
81% vs. 70%

Not  signif.
P=0.42

Medulloblastoma - Quality of Radiotherapy



Spinal Field Matching

Matching depth

superiormidinferior



Quality Assurance



major deviation correct

Review RT Plan / Example
Cribri Form Plate Blocked

Quality Assurance

Blocked lamina Cribrosa



DVHField junction, underdosage

Formal major deviation, 
Underdoses at other site
(soft tissue and junction)

clin. not relevant

Dosis Homogeneity / Spinal Cord

Quality Assurance Medulloblastoma



Conclusion

• There will be an advantage in switching from conventional
photon therapy to complex techniques and proton therapy.

• Target delineation and definition becomes more and more
Important in treatment planning.

• Cave:  Lamina cribrosa
optic nerve
Inner ear
Skull base

• Stable and reproducible positioning of the patient on daily
imaging control is necessary adapting targets to anatomical
structures.



Localised radiotherapy techniques

for intracranial tumours

Michael Brada
ESTRO BT course
Vienna 22 October 2017



3D conformal radiotherapy

IMRT

stereotactic radiotherapy 

stereotactic radiosurgery

volumetric arcing IMRT (VMAT/RapidArc)

tomotherapy

particle therapy

Localised radiotherapy for intracranial tumours

Terminology of local RT delivery techniques
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Attributes of modern local RT delivery
refinements of conformal radiotherapy

Classification of radiotherapy technologies
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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

accurate tumour localisation

precise dose targeting

immobilisation
image guidance
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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

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
Less expensive
2-3 visits for planning
Relocation accuracy 3-5 mm

CTV-PTV margins 4mm

CTV-PTV margins 3mm



The ExacTrac kV stereoscopic image verification system

Comparison of immobilisation techniques
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Rosenfelder et al 2013, Clin Oncol 25 (1); 66–73

Comparison of immobilisation techniques

Errors
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target delivery
normal tissue avoidance
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target delivery
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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

linac - conventional/adapted

small linac on robotic arm (Cyberknife)

helical rotating linac (Tomotherapy)

multiheaded Cobalt unit (Gamma Knife)

Delivery equipment



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

multiple conformal fixed fields
single or multiple/dynamic arcs +/- IMRT
single or multiple isocentres
multiple sources & isocentres (GK)

multiple small beams & isocentres (CK)

Delivery techniques



Classification of radiotherapy technologies

Stereotaxy
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Classification of radiotherapy technologies



Deconstructing stereotactic radiotherapy

 Precision

 Conformality

 Dose

 Fractionation

Stereotactic radiotherapy attributes

High precision localised radiotherapy
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Stereotaxy

Classification of radiotherapy technologies
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Benefit of high precision conformal radiotherapy
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conformal RT

conventional
conformal RT

Jalali et al 2017, JAMA Oncol; 3 (10): 1368-1376

high precision vs conventional conformal RT
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Classification of radiotherapy technologies

multiple conformal fixed fields

single or multiple/dynamic arcs +/- IMRT

single or multiple isocentres

multiple sources & isocentres (GK)

multiple small beams & isocentres (CK)

none

all

Which of these techniques is stereotactic



Metrics for high precision RT

Metric calculation

conformity index (RTOG) rCI VRx / VPTV

conformity index (Paddick) pCI V2
PTV,Rx/ VPTV x VRx

homogeneity index HI Dmax / DRx

gradient index GI V50% / V100%

volumes of normal tissue (brain/ROIs) irradiated to Dx

planning time, treatment time etc.
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multi-leaf collimator leaf size

Collimation

conformal treatment delivery

5 mm 2.5 mm
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Metric calculation worse ideal 
value

conformity index (RTOG) rCI VRx / VPTV low 1.0

conformity index (Paddick) pCI V2
PTV,Rx/ VPTV x VRx low 1.0

homogeneity index HI Dmax / DRx high 1.0

gradient index GI V50% / V100% high 1.0

Metrics for high precision RT

VRx - volume covered by prescription isodose
VPTV - PTV volume
V PTV,Rx - overlapping volume
Dmax - maximum dose in the PTV
DRx - prescription dose in the PTV



Comparison of techniques
DCA - dynamic conformal arcs
DMLC - dynamic MLC
GK - gamma knife
CK - cyberknife

multiheaded Co unit (GK)

robotic linac (CK)

linac DCA

linac DMLC-IMRT

Gevaert et al 2013 Radiother Oncol 106,192–197

example of acoustic neuroma



Comparison of techniques
DCA - dynamic conformal arcs
DMLC - dynamic MLC (IMRT)
GK - gamma knife
CK - cyberknife

GK DCA IMRT CK

Gevaert et al 2013 Radiother Oncol 106,192–197



Comparison of techniques
DCA - dynamic conformal arcs
DMLC - dynamic MLC
GK - gamma knife
CK - cyberknife

pCI

GK DCA IMRT CK

GK DCA IMRT CK

Gevaert et al 2013 Radiother Oncol 106,192–197



Comparison of techniques
DCA - dynamic conformal arcs
DMLC - dynamic MLC
GK - gamma knife
CK - cyberknife

GI

GK DCA IMRT CK

GK DCA IMRT CK

Gevaert et al 2013 Radiother Oncol 106,192–197



Comparison of techniques
DCA - dynamic conformal arcs
DMLC - dynamic MLC
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CK - cyberknife
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GK DCA IMRT CK

GK DCA IMRT CK

Gevaert et al 2013 Radiother Oncol 106,192–197
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Metric calculation
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reduce normal tissue volume & dose
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Evaluation of local radiotherapy techniques
OAR – organ at risk

Physical endpoints – normal tissue avoidance



dose

volume

50% 100%

central nervous system DVHPhysical endpoints

Evaluation of local radiotherapy techniques



1%

Comparison of conformal fixed field & multiple isocentre techniques

1%

multiple isocentres

gamma knife

multiple conformal fileds

linear accelerator



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

hippocampus



Comparison of conformal radiotherapy techniques

Cozzi et al 2006 Radiother Oncol 80, 268–273
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Organs at risk DVH

Comparison of conformal radiotherapy techniques

Cozzi et al 2006 Radiother Oncol 80, 268–273

brain stem ipsilateral optic nerve



High precision conformal RT for meningioma

Avoidance of critical structures

cochlea

brain stem

hypothalamus

hippocampus



operator skill
clinical relevance

Localised radiation delivery metrics

Evaluation of local radiotherapy techniques
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protons

modulated protons

Depth dose distribution of photons and protons

photons (X-rays)
single 10MV beam

Theory
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Range uncertainties due to setup

Proton uncertainties

Chen et al 2000, Int J Rad Oncol Biol Phys 48(3):339
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spread out Bragg peak + 

multiple photon (Xray) beams

Depth dose distribution of photons and protons

Reality

uncertainties
• biological effect
• range



Chen et al 2000, Int J Rad Oncol Biol Phys 48(3):339

Range uncertainties due to setup

normal tissue shape & position
cavities
tumour shape

Proton uncertainties

uncertainties increase with increased complexity of delivery 



Ependymoma

photons IMRT protons fixed fields protons IMPT

IMRT – intensity modulated radiotherapy
IMPT – intensity modulated proton therapy

MacDonald et al 2008, Int J Radiat Oncol Biol Phys, 71; (4), 979-986

Range uncertainties - with increased complexity of delivery

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

Errors



Intrafraction motion in CK radiosurgery

Ki Mun Kang et al 2013, Medical Physics 40, 051716

example of intrafraction movement
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Adaptation in brain tumour radiotherapy

glioblastoma pseudoprogression

1 month post radiotherapy



Craniopharyngioma

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



Craniopharyngioma

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



physical endpoints
standards for comparison
clinical relevance

Localised radiation delivery

Evaluation of local radiotherapy techniques
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Metrics for high precision RT

Metric calculation

conformity index (RTOG) rCI VRx / VPTV

conformity index (Paddick) pCI V2
PTV,Rx/ VPTV x VRx

homogeneity index HI Dmax / DRx

gradient index GI V50% / V100%

normal tissue volume (brain/ROIs) irradiated to Dx (DVH)

planning time, treatment time etc.

VRx - volume covered by prescription isodose
VPTV - PTV volume
V PTV,Rx - overlapping volume
Dmax - maximum dose at the PTV
DRx - prescription dose in the PTV



Localised radiotherapy techniques

for intracranial tumours

Michael Brada 
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• Radiobiology of Nervous tissue

• Acute effects of radiotherapy
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• Theory turns to experiences

• Guidelines on constraints (Emami, QUANTEC and the 
others)

• Consequences on practice: Planning, DVH evaluation, 
Image guidance
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Radiobiology of RT/SRS/FSRT

• The goal of any medical intervention is to reach the 
highest role of clinical success in terms of desired effect 
with the minimum rate of side effects treatment related

• Historically radiation was delivered considering a variable 
safety margin to include microscopic tumor infiltration in 
normal tissue

• The relationship between time of radiation, dose and 
number of fractions, to influence the biological effect is 
based on 4Rs of ionizing radiation

A. Santacroce, et al., biomed research 
International, 2013



Different tissues different responses to 
radiation

(1) late responding target embedded within late responding 
tissue: AVM, 

(2) late responding target surrounded by late responding 
tissue: meningioma/schwannoma, 

(3) early responding target embedded within late re-
sponding tissue: low grade glioma, 

(4) early responding target surrounded by late responding 
tissue: glioblastomas/metastases. 

Santacroce, et al., biomed research 
International, 2013
Larsson, et. al., IJROBP, 1993



Radiobiology in the CNS: 
the vascular effect (SRS)

• Mainly for the case of benign lesions (AVM and 
meningioma, namely) large parte of the effect is 
determined by the combination of:
 Citotoxic effect of the high dose of radiation with direct 

double strand DNA damage

 Vascular injury with doubled number of apoptotic cells in the 
first 48 hours

 Such a vascular effect is seen on tumor and AVM, but not in 
normal vessels (different vascular/endothelial 
radiosensitivity)

 The probability of vascular damage is directly proportional to 
the fraction dose (particularly when higher than 10 Gy!!!)

 High dose induces reduction of vascular mass and increase of 
vascular permeability

Park and Griffin, Rad Res., 2012
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Acute effects of RT

Effect Consequences Comments

Alopecia
Skin redness

Social appearance
Itching, burning sensations

Psichologic
discomfort

Edema Nausea
Blurred vision
Fatigue
Headache
Seizures

Treatment with steroids
needed (and related
complications) needed?.
AED needed?

Haemorrhage Shock
Focal deficit
Risk of death
Seizures

Emergency
Steroids and AED needed?

? Somnolence syndrome Social discomfort, working
disability
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Late effects of RT

Effect Functional Comments

Necrosis Cognitive disfunction
Disability, Fatigue

Defines tolerance

Vascular Effects
(hyschaemia, 
haemorrage)

Focal deficits Disability

Demyelinization Cognitive disfunction Social problems

Atrophy Focal deficits Disability

Neuronal Depletion Fatigue, Cognitive 
disfunction

Social problems, working
unability, etc.
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Disability, Fatigue

Defines tolerance

Vascular Effects
(hyschaemia, 
haemorrage)

Focal deficits Disability

Demyelinization Cognitive disfunction Social problems

Atrophy Focal deficits Disability

Neuronal Depletion Fatigue, Cognitive 
disfunction
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unability, etc.



Supportive therapy

• Steroid treatment
 Beware of related toxicity

• AED
 New molecules better tolerated



MRI June 2017 (FU 15 months) 

Tumor regrowth tissue at the margin of the resection cavity, at 15 
mths after 1st surgery and Cht/RT for Anaplastic IDHwt, 
unmethylated not deleted astrocytoma
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Stereotactic radiosurgery

Total dose 21Gy, 7Gy/fx, RapidArc
TPS Brainlab (iPlan®)

…Woluld you start on Steroids? AED?



Supportive therapy

• Steroid treatment
 Beware of related toxicity

• AED
 New molecules better tolerated



Supportive therapy

• Steroid treatment
 Beware of related toxicity

 Start on symptom

 Short and Strong

• AED
 New molecules better tolerated

 Start on symptom



Radiotherapy – Radiation Tolerance of 
the Brain

• Radiobiology of Nervous tissue

• Acute effects of radiotherapy

• Late effects of radiotherapy

• Theory turns to experiences

• Guidelines on constraints (QUANTEC)

• Consequences on practice: Planning, DVH evaluation, 
Image guidance



Risk of Neurocognitive impairment after RT

• The risk in patients treated for glioma is mainly related to 
large volume (no WB better) (1)

• The risk of dementia in long survivors after WBRT in 
patients treated for brain metastases is strongly related to 
fractionation (<3Gy better)

• Rate of Neurocog sequelae is lower than 3% for partial
brain irradiation, while respecting dose constraints

• Experiences on normal NSCs department avoidance also
with larger treatment volumes are promising (3)

(1) Sarkissian et al.  Neurol Lett, 2005
(2) De Angelis et al. Neurology, 1989
(3) Barani et al. IJROBP, 2007



Studies on neuro-toxicity in gliomas
Author year Setting Tumor Nr Dose Resp. Tumor

PD
Taylor 1998 Pro HGG 701 60Gy No significant

Neurotoxicity
Worsening of 
NC

Brown 2001 Pro LGG 203 50.4 vs 64 
Gy

Worsening at 1,
2, 5 years: 8.2, 
4.6, 5.3%

Significant
improvement
59%, 50%, 
and 67% at 
years 1, 2, 
and 5, 

Armstrong 2000 Pro LGG 20 46-63 Gy Verbal decline at
3m, recovery at
1y

-

Vigliani 1996 Pro LGG 17 54-55.8 
Gy

No tox
compared to 
matched pairs, 
improvement*

-

Klein 2001 Retro LGG 195 n.r. No significant
impairment

n.r.

Taphoorn 1994 Retro LGG 41
(20 RT/21 Sg
only)

45-63 Gy No difference
Comparison to 
19 haem dis.
CHT,LGG both
groups with 
lower
Cog/mood/asteni
a

-



Radiotherapy – Radiation Tolerance of 
the Brain

• Radiobiology of Nervous tissue

• Acute effects of radiotherapy

• Late effects of radiotherapy

• Theory turns to experiences

• Guidelines on constraints (QUANTEC)

• Consequences on practice: Planning, DVH evaluation, 
Image guidance



QUANTEC
• Quantitative Analysis of Normal 

Tissue Effects in the Clinic

– Large committee of experts (n=57)

– Convened by ASTRO / AAPM

– Updated guidelines published in Red
Journal supplement (vol 76, No. 3)

– 16 organ-specific papers
– Several “general principle” papers



Brain – Data Summary



Brain – Proposed Constraints

• 5% risk radiation necrosis @ BED 120 Gy (72 Gy/2 Gy)
– Emami: “overly conservative” (60 Gy/2Gy)

• 10% risk @ 150 Gy (90 Gy/2Gy)

• Increased risk with hypofractionation/twice
daily

• 18 Gy WBRT: cognitive changes in children

• SRS: Increased risk if >5-10 cm3 exposed to >12 Gy (proposed
reporting)



Suggested dose limits in glioblastoma radiotherapy 

OAR objective

brainstem D≤54Gy, 1-10cm3 <59Gy (periph)

chiasm Dmax<55Gy

cochlea ideally one side <45Gy

eyes - macula <45Gy

eyes - lens ideally <6Gy max 10Gy

lacrimal gland Dmax<40Gy

optic nerves Dmax≤54Gy, Dmax<55Gy

pituitary Dmax<50Gy

Specific normal tissue avoidance

Niyazi et al. 2016, Radiotherapy and Oncology 118 (2016) 35–42



Quantec for the brain



Quantec
for the 
brain



Radiotherapy – Radiation Tolerance of 
the Brain

• Radiobiology of Nervous tissue

• Acute effects of radiotherapy

• Late effects of radiotherapy

• Theory turns to experiences

• Guidelines on constraints (QUANTEC)

• Consequences on practice: Planning, DVH evaluation, 
Image guidance



Technology Improvement

- Improved accuracy

- Improved imaging (MRI, 
PET, CT fusion)

- planning/contouring

- verification 
(ExacTrac®, CBCT, 
e.g.)

- Improved dose delivery

- Higher dose rate, 
shorter treatment time



Neural Stem Cells and RT toxicity

- NSCs exhibit exquisite in situ 
radiosensitivity

- Radiation can directly depopulate NSC 
niches, causing immediate loss of NSC-
mediated repair and plasticity

- Indirect effects of radiation are 
inflammatory in nature, dose dependent, 
and capable of stunting neurogenesis
even at low doses

- The scope of NSC dysfunction is age
dependent, with greater effects noted in 
immature brains

Barani I, IJROBP 2007



Hippocampal avoidance with IMRT*

*Marsh et al 2011 J Med Imaging Radiat Oncol. 2011;55:442-449.

limited clinical data showing benefit

Intensity modulated radiotherapy (IMRT) in malignant glioma

Courtesy-modified from M. Brada, ASCO 50°, 2014



Re-irradiation for brain

4 isocentric arcs
partial arc 

PTV : 85.5 cm3

123-115-72-77 MU 
28+28+34+34 sec

15 x 2.7 Gy = 40.5 Gy

brain stem maxpt dose = 5.4 Gy
chiasma maxpt dose = 3.4 Gy
left opt nerve maxpt dose = 3.9 Gy

Chiasma

Left Opt Nerv

PTV

Left Len

Right Len

Right Opt Nerv

Brain Stem

(previous treatment @60Gy [30 months], with brainstem Dmax~54Gy, LeftOptNerv & chiasma Dmax~52Gy)

MR used for planning



REIRRADIATION TOLERANCE OF THE HUMAN BRAIN

RAMONA MAYER, M.D., M.SC.,* AND PETER SMINIA, PH.D.y

* Department of Therapeutic Radiology and Oncology, Medical University of Graz, Graz, Austria; and yDepartment of Radiation
Oncology, Division Radiobiology, VU University Medical Center, Amsterdam, The Netherlands

REIRRADIATION TOLERANCE OF THE HUMAN BRAIN

RAMONA MAYER, M.D., M.SC.,* AND PETER SMINIA, PH.D.y

* Department of Therapeutic Radiology and Oncology, Medical University of Graz, Graz, Austria; and yDepartment of Radiation
Oncology, Division Radiobiology, VU University Medical Center, Amsterdam, The Netherlands

• Radiation-induced normal brain tissue necrosis was 
found to occur at NTDcumulative >100 Gy

• The applied reirradiation dose and NTDcumulative were 
found to increase with a change in irradiation technique 
from conventional to conformal techniques such as FSRT 
to SRS, without increasing the probability of normal brain 
necrosis. 

• The analysis shows the applied total cumulative dose to 
be the most important factor with regard to the 
development of radionecrosis

• Reirradiation is a feasible option as palliative therapy for 
recurrent high grade glioma

R Mayer, et al., IJROBP, 2008 







Drugs for memory…

• There is supportive evidence that memantine may help 
prevent cognitive deficits for adults with brain metastases
receiving cranialirradiation

• There is supportive evidence that donepezil may have a 
role in treating cognitive deficits in adults with primary or 
metastatic brain tumours who have been treated with 
cranial irradiation



Other than drugs

• There is no strong evidence to support any non-
pharmacological interventions (medical or 
cognitive/behavioural) in the prevention or amelioration
of cognitive deficits. 

• Non-randomised studies appear promising but are as yet
to be conclusive via translation into high quality evidence. 

• Further research is required



Clinical case

• 47 year old woman

• Partial seizures

• NSCLC



Resection cavity R front: SRS RA 5x5Gy



Resection cavity L par.: SRS RA 5x5Gy



December 2015: CR



Epileptic seizures and brain PD, Systemic
control on Nivolumab



Epileptic seizures and brain PD, Systemic
control on Nivolumab

RA 30 Gy, with avoidance



November 2016



November 2016 December 2016

resection



November 2016 December 2016

resection

Postop. CT 21.2.17



Histology: Radionecrosis





D. Trifiletti, et al. IJROBP 2016



Ressolved?

Postop. CT 21.2.17



Ressolved?

Postop. CT 21.2.17

Gado June 2017



CT postop 21.2.17

Spectro
June 2017

MRI Gado
June 2017



And then?









Conclusions

 Improvement of radiotherapy safety, with promising efficacy in 
patients with brain metastases

 Well defined dose constraints (QUANTEC, ESTRO, RTOG)

 New knowledge concerning the role of Neural Stem Cells 
permitted to identify brain regions involved in plasticity and 
repair processes (Hippocampus e.g.)

 Randomized controlled trials have demonstrated significant 
activity of Memantine and Donepezil for neurocognitive 
impairment prevention, in patients treated with cranial 
radiotherapy for primary and metastatic brain tumors

 Even with new treatments (BEV e.g.) radiation necrosis 
remains a challenge; better treatment for that is prevention





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 promoter active

Chemo-
resistance

MGMT gene
Transcription/translation

CH
3

CH
3

CH
3

CH
3

CH
3

MGMT promoter

MGMT promotor methylation

inactive

Chemosen-
sitivity



Prognostic role of MGMT

Hegi et al, NEJM 2005



Predictive role of MGMT

Hegi et al, NEJM 2005



Predictive role of MGMT

Hegi et al, NEJM 2005



Predictive effect in elderly glioblastoma patients

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



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

Kim et al. Lancet Oncol 2016

=> 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





Evidence based management of grade II 
and III astrocytic tumors

G. Pesce
Radiation Oncology
Oncology Institute of Southern Switzerland

Bellinzona and Lugano - Switzerland

G. Pesce
Radiation Oncology
Oncology Institute of Southern Switzerland

Bellinzona and Lugano - Switzerland



How to get there….

3



RT + Temozolomide (TMZ)

RT alone
RT + Temozolomide (TMZ)

RT alone



Clinical case

History of present illness:
40 year old woman

2  generalized epileptic seizures in july 2000

Past Medical History:
Several head traumas

Hypothyroidism 

Migraine

Initial CT-SCAN: 
Ipodense lesion in the left frontal lobe (2 cm) w/o contrast enhancement: 
attributed to a scar initiate of carbamazepine

Persistence of epileptic seizure: 
Minimal increase of MRI abnormality without contrast enhancement, with 
features of low grade glioma

Therapy
Biopsy at that time consistent with Anaplastic astrocytoma WHO 
III, no Molecular Biology

GTR + RT 66Gy/2Gy daily fractions (2000) (for MRC trial)



Outcome 2017

Histology review 2014: Low grade astrocytoma

IDH1/2 mutated, 1p/19q codeleted

NED
FLAIR T1 with i.v.gado T1 with i.v.gado



WHO grade II and III glioma



Louis, et al. 2016



Integrated histological and molecular classification of diffuse 
gliomas according to the 2016 WHO Classification

Reifenberger, G. et al. (2016) Advances in the molecular genetics of gliomas — implications for classification and therapy
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2016.204

Courtesy of Monika Hegi



Figure 5 

Adapted from Ceccarelli et al.,Cell 2016 164, 550-563DOI: (10.1016/j.cell.2015.12.028) 

LGG & 2nd GBM GBM

OligosAstros
2nd GBM

1p/19q

GBM

Molecular Glioma Subtypes

Courtesy of Monika Hegi



Changes from initial WHO to integrated diagnosis in 
160 patients with IDHwt astrocytoma

Reuss et al. Acta Neuropathol, 2015 Courtesy of Monika Hegi



WHO grade II 
glioma

• Quite a demanding
task

• Good resection is
gold (does the true
come from 
France?)

• Can RT prolong life 
while we preserve
cognitive 
functioning?



Beyond a histological diagnosis, the goal of surgery 
is to remove as much of the tumour as safely 
possible to improve neurological function

M. Weller, et al. The Lancet Oncol. Published online May 5, 2017



The extent of resection is of prognostic
value
(Li YM, Suki D, Hess K, Sawaya R: The influence of maximum safe resection of glioblastoma on survival 
in 1229 patients: Can we do better than gross-total resection?;  J Neurosurg. 2016 Apr;124(4):977-88; 
Smith JS, Chang EF, Lamborn KR, et al.: Role of extent of resection in the long-term outcome of low-
grade hemispheric gliomas. J Clin Oncol 2008; 26: 1338–1345.

The resected tumor volume is predictive for
malignant transformation in low grade 
glioma (Duffau H: A new philosophy in surgery for diffuse low-grade glioma (DLGG): 

oncological and functional outcomes. Neurochirurgie 2013; 59: 2–8)

Surgery of gliomas

Courtesy of W. Sala-Gulden



• The goal of radiotherapy for patients with 
gliomas is to improve local control at a 
reasonable risk benefit ratio.

• Radiotherapy helps to preserve function and 
increases survival

M. Weller, et al. The Lancet Oncol. Published online May 5, 2017



TECHNOLOGY IMPROVEMENT



Radiotherapy of GLIOMAS

• ICRU is still around…

• GTV to PTV
 Enhancing

 Abnormality in T2

 STOP at anatomic boundaries

• Guidelines

That means 1.5-2.5 cm

Courtesy-modified from M. Brada



How large should be the margin? Which
technique should be used?

• Several series analyzed the pattern of failure after
radiotherapy for LGG

• In the NCCTG 86-72-51 trial 92% of the failures occurred
in the treatment field, 3% within 2cm and 5% more than 2 
cm

• Radiosurgery remains investigational but margins may be 
reduced

• Protons may reduce the integral dose and can result in 
reduction of late toxicity



Improved accuracy of dose delivery
reducing margin for inaccuracy & microscopic spread

Courtesy-modified from M. Brada



Radiotherapy trials on LGG

When and How to do it



Radiotherapy: RCT
Does dose matter?



EORTC 22844

323 adults with LGG
results



EORTC 22844

323 adults with LGG
results



NCCTG

203 adults with LGG

Shaw, et al. JCO 2002

1986-1994



NCCTG

203 adults with LGG

Shaw, et al. JCO 2002

results

Toxicity higher dose arm was more 
evident (radionecrosis)
A report by the same group in 2003 
did not show relevant impact of RT 
on cognitive function (MMSE)



Radiotherapy at diagnosis or at relapse?



EORTC 22845

290 eligible of 311 adults operated for LGG

Median F-up 60m





EORTC 22845

154 early RT, 157 obs.; adults operated for LGG

Median F-up 7.8 years

Van Den Bent, Lancet 2005



RT RCT- summary

• Radiotherapy is effective at a dose of 45 to 54 Gy

• Higher dose could be dangerous (late toxicity seen more often in the 
HD arm of the NCCTG trial)

• Early postoperative radiotherapy determined significant improvement
in progression free survival from 3.4 to 5.3 years in the EORTC 22845 
trial

• Deferring radiotherapy did not impact adversely on overall survival, 
but the effect on PFS and Freedom from seizure may substancially
impact on quality of life

• Those trials were carried out between the 80s and the 90s, with quite
simple radiotherapy techniques also including Cobalt



Favourable prognostic factors

• Age<40

• Longer duration of symptoms

• Radiation (PFS ok; OSR n.s.)

• Tumor size 5cm

• Resection vs Biopsy

• Histology (OD vs A)

T. Gorlia, et al. Neuro Oncol 2013



LGG: EORTC prognostic calculator

T. Gorlia, et al. Neuro Oncol 2013www.eortc.be

http://www.eortc.be/


LGG: EORTC prognostic calculator

T. Gorlia, et al. Neuro Oncol 2013www.eortc.be

http://www.eortc.be/


Does chemotherapy add?



Chemotherapy of LGG



Chemotherapy of LGG



LGG chemo-radiotherapy RCT





Buckner 2016



Buckner 2016

Data are not sufficient to evaluate the role of 1p/19q codeletion



EORTC 22033

41
B. Baumert, et al. Lancet Oncol, 2016



EORTC/NCIC-CTG/TROG/MRC-CTU (EORTC 22033-26033) 
in patients with a high risk low-grade glioma

Participating groups: EORTC ROG and BTG, NCI-CTG, 

TROG, MRC-CTU

Stratification: 1p deletion
contrast on MRI, age and PS, institute, 
contrast enhancement  MRI, age: <40 
vs ≥ 40 yrs, WHO PS 0 /1 versus 2

Registration

Radiotherapy (standard arm): 
50.4 Gy (28 x 1.8 Gy)

conformal techniques

RandomGenetic
testing

TMZ (experimental arm):
75 mg/m2 daily x 21 days,

q 28 days until progression or
for max. 12 cycles 

Accrual: 2005 – 2012
707 patients registered
477 randomized Baumert, Hegi,…Stupp, Lancet Oncol 17, 1521–1532, 2016



EORTC 22033 trial
PFS

43

Median Survival not reached

B. Baumert, et al. Lancet Oncol, 2016



EORTC 22033

44

Median Survival not reached

B. Baumert, et al. Lancet Oncol, 2016



All molecular subtypes

45
B. Baumert, et al. Lancet Oncol, 2016

EORTC 22033



Treatment

IDH mutation status

High risk Low 
Grade Glioma

IDHwt

Combined 
treatment 
modality, 

novel 
treatment 

approaches

IDHmt

1p/19q 
codel

Single modality 
treatment: TMZ  

alone or RT 
alone

1p/19q 
noncodel

Combined 
treatment 

with RT +/-
CHX

Treatment algorithm based on molecular 
marker

Courtesy of B. Baumert



Low grade astrocytoma

• Chemotherapy can be a therapeutic option to defer, or an 
alternative to RT at progression, but, deferring RT must be 
balanced with the lower control of seizures and shorter PFS 1,2

• Long term results of athe RTOG 9802 trial showed a survival 
advantage of 5.5 years by addition of chemotherapy to RT in 
patients with adverse prognostic factors2

• The same experience indicates that treatment of LGG patients, 
immediately after surgery or at progression, should be tailored 
according to specific prognostic factors 1-5

• Patients’ subgroups should be treated and trials should be designed 
according to specific biomarkers, being IDH mutation and 1p/19q 
codeletion the most relevant1-5

1. Baumert, et al. Lancet Oncol 2016
2. Buckner, et al., NEJM 2016
3. Soffietti, et al. EJN 2010
4. Gorlia, et al. Neuro-Oncol 2013
5. Weller, et al, Lancet Oncol, 2017



Outcome 2017

Histology review 2014: Low grade astrocytoma

IDH1/2 mutated, 1p/19q codeleted

NED
FLAIR T1 with i.v.gado T1 with i.v.gado



HIGHER GRADE GLIOMA

What are the evidences

49



Clinical case 2

• 33 years old woman

• Worsening Headache and vomiting

June 2007



Clinical case 2

Surgery

July-August 2007

33 years old woman

Worsening Headache and vomiting

Histology: Oligodendroglioma WHO III, 1p/19q co-deletion

June 2007



M. Weller, et al. The Lancet Oncol. Published online May 5, 2017

The most
frequent

Grade 3



NOA-4 trial

• Equal response to RT or chemotherapy (PCV or TMZ) as single modality
• Better prognosis for patients showing oligodendroglial component (1p/19q co-deletion) and MGMT 

methylation1

• A retrospective analysis of the same trial revealed that the addition of chemotherapy was beneficial 
for IDH1/2 mutated, or IDH1/2 wild type and MGMT methylated2 1. Wick, et al. JCO, 2009

2. Wick, et al. Neurol, 2013



Cairncross, J Clin Onc 2014 

1p19q codeleted

1p19q intact

1p19q codeleted

1p19q intact

PCV - RT

RT

Grade 3 
glioma

Modified from A. Chalmers



Clinical case 2

Surgery

July-August 2007

33 years old woman

Worsening Headache and vomiting

Histology: Oligodendroglioma WHO III, 1p/19q co-deletion

June 2007



Clinical case 2

Surgery

July-August 2007

Concomitant and adjuvant TMZ

33 years old woman

Worsening Headache and vomiting

Histology: Oligodendroglioma WHO III, 1p/19q co-deletion

June 2007



Patient 2 outcome, 2017



What for non Codeleted?



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

Courtesy of A. Chalmers



CATNON
grade 3 gliomas WITHOUT co-deletion of 1p19q

Courtesy of A. Chalmers



Interim analysis is ready…



Van Den Bent, et al, The Lancet 2017

12 cycles of adjuvant
TMZ are better



CATNON
grade 3 gliomas WITHOUT co-deletion of 1p19q

Courtesy of A. Chalmers



Summary for Anaplastic Astrocytoma

• Upfront chemotherapy with PCV resulted in improved survival 
in patients treated for oligodendroglioma and oligoastrocytoma, 
with 1p/19q co-deletion1,2

• Interim results from EORTC 26053-22054 demonstrated a 
signigicant survival benefit in patients with non co-deleted 
anaplastic astrocytoma adding adjuvant TMZ to RT3

• The question of concomitant RT/TMZ remains open until the 
final analysis of the CATNON trial

• Repeated surgery and Re-irradiation is still an option for 
recurrent disease in combination with systemic therapy (CHT 
and BEV) 1. Van den Bent, et al. JCO, 2013

2. Cairncross, et al. JCO, 2014
3. Van den Bent, et al. The Lancet, 2017





Radiotherapy Bible for CNS 
gliomas

I. You won’t have belief other than ICRU

II. GO for Niyazi, Brada, Chalmers & friends 
for guidelines

III. Adapt the dose according to histology

IV. OAR: never forget GP yesterday
(QUANTEC)

V. Best conformity, IMRT, VMAT

VI. Don’t forget to properly verify (IGRT)

VII. Combine RT with proper systemic therapy
for high risk (St. Patrick’s rule)

VIII. Don’t underestimate molecular biology

IX. Retreat needed according to OAR 
tolerance

X. Stay updated and take part to clinical
research



Conclusions

• Brain gliomas still represent a major challenge due to the 
complexity of the medical management and impact on 
patients’ life

• The use of surgery, radiotherapy and chemotherapy need 
to be tailored according to histology and molecular biology 
as well as the clinical situation

• Trials are ongoing in the attempt to answer relevant open 
questions, as are the correct sequence/combination of 
chemo-radiotherapy in some particular tumor subtypes 
and the role of biologic targeted agents



What to do? 





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



Louis et al., Acta Neuropathol 2016

1p/19q in the WHO classification



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 deletion1p 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



PCV 

• Established in 1980s

• 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



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.



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%



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?



PCV or TMZ?

Kaplan-Meier estimates of overall survival (A) and time to progression (B) by treatment 
(PCV and RT or TMZ and RT) and deletion status.

Lassmann et al. International retrospective study of over 1000 adults 
with anaplastic oligodendroglial tumors. Neurooncol 2011.



1p/19q non co-deleted

Non-1p19q deleted Non-1p19q deleted



Time to treatment failure – by therapy

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

135 95 66 33 27 17 6ChT

139 92 68 37 28 15 0RT

Number at risk
0 730 1460 2190 2920 3650 4380 Time (days)

RT (n=139) ChT (n=135)

TTF [years] 4.6(3.3-5.0) 4.4(3.3-5.2)

Wick et al., ASCO 2015



Time to treatment failure – by therapy/histology

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

61 52 39 23 19 12 5ChT / AO(A)

74 43 27 10 8 5 1ChT / AA

69 54 43 28 21 11 0RT / AO(A)

70 38 25 9 7 4 0RT / AA

Number at risk

0 730 1460 2190 2920 3650 4380 Time (days)

RT / AA RT / AO(A)

ChT / AA ChT / AO(A)



Time to treatment failure – by molecular diagnosis

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

68 65 52 36 27 16 2Codel

81 61 41 15 11 6 1IDHmut

58 22 13 6 6 4 0IDHwt

Number at risk
0 730 1460 2190 2920 3650 4380 Time (days)

IDHwt IDHmut/non-Codel

IDHmut/Codel



Overall survival – by molecular diagnosis

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

68 65 55 44 35 22 7Codel

81 67 47 27 17 10 2IDHmut

58 29 21 9 7 5 0IDHwt

Number at risk
0 730 1460 2190 2920 3650 4380 Time (days)

IDHwt IDHmut/non-Codel

IDHmut/Codel

Wick et al., Neuro Oncol 2016



Overall survival – by therapy

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

135 100 74 48 36 25 11ChT

139 103 81 51 38 22 2RT

Number at risk
0 730 1460 2190 2920 3650 4380 Time (days)

RT ChT

Wick et al., Neuro Oncol 2016



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)

Wick et al., Neuro Oncol 2016



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

Proposed design of revitalized CODEL trial



Conclusions: 1p/19q co-deleted anaplastic gliomas

• The combination of RT and PCV may be regarded as 
standard of care for newly diagnosed 1p/19q co-
deleted anaplastic gliomas

• RT  PCV and PCV  RT are both feasible options

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



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 et al., N Engl J Med 2014



RTOG 9802: histology

Buckner et al., N Engl J Med 2014



RTOG 9802: PFS long-term follow-up

Buckner et al., N Engl J Med 2016



RTOG 9802: OS long-term follow-up

Buckner et al., N Engl J Med 2016





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 glioblastoma

Anthony Chalmers
ESTRO Brain Tumour Course

2017



Prognostic factors

• age

• performance status

• molecular markers:

– 1p19q co-deletion; MGMT promoter methylation; IDH1 mutation

• extent of surgical resection



Glioblastoma







Conformal RT IMRT



Pre-radiation 18 months 
post-radiation



Glioblastoma patients 
aged > 70 yrs

Keime-Guibert NEJM 2007

Discussion 
tomorrow…



Walker NEJM 1978



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



Temozolomide

RadiotherapySurgery

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





Chemoradiation for GBM: common issues

• continuous temozolomide associated with lymphopenia

– exacerbated by prior and concomitant steroid treatment

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

• occasional patients experience pancytopenia during concomitant treatment

• adjuvant temozolomide associated with neutropenia, thrombocytopenia and 
fatigue

• 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

Lesion enlargement, evidenced at the first MRI scan in 50 of 103 patients, was 
subsequently classified as psPD in 32 patients and early disease progression in 18 patients.

Brandes et al, J Clin Oncol 2008





• 548 patients
• 79 fulfilled inclusion criteria
• Only 9 cases of pseudoprogression (11.4%)
• PsP detected at 1, 4 and 7 months 



• Can we overcome TMZ resistance by 
increasing dose intensity?



MGMT 
unmethylated
only

All patients



AVAGLIO trial



RTOG 0825 



Does bevacizumab maintain QoL?





Tumor Treating Fields; updated data
Treatment Characteristics

TTFields/TMZ
(n=466)

TMZ alone
(n=229)

Completed standard radiation therapy (57-
63 Gy) [%]

92% 94%

Median time from GBM diagnosis -
randomization 3.8 mo 3.7 mo

Median no. of adj. TMZ cycles 6 5
range 0 – 51 0 – 33 

Median no. of TTFields cycles (1 mo = 1 
cy)

8.2 NA

range 0 – 82 

TTFields Treatment Adherence † (>75%) 75%

Region:     US / Rest of the world 47% / 53% 52% / 48%

† during first 3 mo of treatment



Safety (Grade 3-4 AEs)

TTFields / TMZ TMZ Alone
(N=456) (N=216)

System Organ Class \ Preferred Term Grade 3 Grade 4 Grade 3 Grade 4

Number of Patients with >=1 AE 37% 14% 36% 12%

Blood and lymphatic system disorders 9% 4% 9% 2%
Leukopenia 2% 0 <1% 0
Lymphopenia 3% 1% 3% 0
Neutropenia 2% 1% 1% <1%
Thrombocytopenia 6% 3% 4% 1%

Gastrointestinal disorders 5% <1% 3% <1%
General disorders + administration 
site conditions 9% <1% 6% 0

Asthenia 3% 0 1% 0
Fatigue 4% 0 3% 0
Gait disturbance 2% 0 1% 0

Infections and infestations 7% <1% 4% 1%
Injury, poisoning and procedural 
complications 5% 0 3% 0

Fall 2% 0 1% 0
Medical device site reaction 2%† 0 0 0

†Grade 1+2 skin irrita ons in 52% of pa ents



Progression Free Survival - ITT

TTFields / TMZ 
TMZ Alone

Progression
free

TTFields/T
MZ

TMZ

Median 6.7 mo
6.1 – 8.1

4.0mo
3.8 – 4.4

Hazard ratio 0.63 (CI 0.52 – 0.76)

P-value 0.00005

PFS from diagnosis:

Median 11.2 mo
10.0 – 11.8

7.8mo
7.3 – 8.2
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Overall Survival - ITT

TTFields / TMZ  
TMZ Alone

Survival
(from

random)

TTFields/T
MZ

TMZ

Median
95% CI

20.9 mo
19 .3 – 22.7

16.0 mo
14.0 – 18.4

2-year
95% CI

43.1 %
(38.7 – 48.0)

30.7 %
(25.1 – 37.5)

Hazard 
ratio

0.63 (CI 0.53 – 0.76)

P-value 0.00006

Survival from diagnosis:

Median
95% CI

24.5 mo
22.8 – 26.3

19.8 mo
17.6  22.1

TTFields 466 424 333 256 174 107 65 45 30 19 16

TMZ 229 191 144 95 60 33 22 13 7 5 2

0 6 12 48 54 6018 24 30 36 42

Overall Survival (months)
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Recurrent GBM



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



Relapsed GBM after RT-TMZ

• No widely accepted standard 
– Re-resection +/- carmustine wafers?
– PCV?
– VEGF inhibition +/- CCNU: 

• various regimes containing bevacizumab
• cediranib negative

– EGFR TK inhibitors
• erlotinib associated with reduced PFS (van den Bent JCO 2009)

– TMZ rechallenge +/- altered temozolomide scheduling?
– Immune checkpoint inhibition

Opportunity to test novel agents



OSTTF TMZ 7/14 days 
v. 21/28 days

Improved OS in 
MGMT methylated 
with either regime

Weller et al, Clin Can Res 2015 

PFS-6: 21%



• 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?



Taal et al, Lancet Oncol 2014 

PFS-6: 11% MGMT unmethylated
40% MGMT methylated



EORTC 26101
A Phase III Trial Exploring the Combination of 

Bevacizumab and Lomustine in Patients with First 
Recurrence of a Glioblastoma

Wolfgang Wick
on behalf of the EORTC Brain Tumor Group 

Investigators



26101: Progression-Free Survival

HR 0.49
p<0.0001
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HR 0.95 
p=0.650

26101: Overall Survival
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Immune checkpoint inhibition

“Bristol-Myers Squibb today announced that 
CheckMate -143, a randomized Phase 3 clinical trial 
evaluating the efficacy and safety of Opdivo
(nivolumab) in patients with first recurrence of 
glioblastoma multiforme (GBM), did not meet its 
primary endpoint of improved overall survival over 
bevacizumab monotherapy.”



Sativex (GW Pharma)

• Cannabinoid mix

– 1:1 THC + CBD
– From Cannabis sativa
– (≠ cannabis)
– Oromucosal spray
– Individual dose titration
– Widely used in MS, cancer pain, nausea, epilepsy



Mechanisms

• Pro-apoptotic
• Via ER stress (autophagy) pathways

– In vitro data in established cell lines
• GBM stem-like lines
• Additive/synergism w TMZ and XR

– In vivo data in standard orthotopic models
• Enhanced growth delay w TMZ and XR



Study overview
• Open label PhI, run in to randomised, placebo controlled Ph Ib

Dose Intense TMZ: 85mg/m2 21 q28. 
Self titrate Sativex after 7d TMZ: Min 3 max 12 sprays/day



Sativex study – preliminary data

PFS-6 from DIRECTOR trial: 21% 

1 year OS 83% vs 44% 
PFS-6: 42% vs 33%



Any questions?



Management of ependymoma
of the brain and spinal cord

Sarah Jefferies

23/10/2017



Overview

• Excellent update on surgery and the recent 
molecular advances

• Overview of evidence for adjuvant treatment 
in children

• Overview of evidence for adjuvant treatment 
in adults

23/10/2017



Treatment

• Surgery
– Gross total resection
– Re-resection for recurrence

• Adjuvant Treatments
– Radiotherapy 
– (+re-irradiation)

– Chemotherapy

23/10/2017



Evidence for surgery

23/10/2017



Evidence for surgery
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Evidence for surgery

23/10/2017



Evidence for radiotherapy

23/10/2017
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INFLUENCE OF RADIOTHERAPY TREATMENT CONCEPT ON THE OUTCOME
OF PATIENTS WITH LOCALIZED EPENDYMOMAS

STEPHANIE E. COMBS, M.D.,* VERENA KELTER,* THOMAS WELZEL, M.D.,* WOLFGANG BEHNISCH, M.D.,y

ANDREAS E. KULOZIK, M.D., PH.D.,y MARC BISCHOF, M.D.,* HOLGER HOF, M.D.,*
JÜRGEN DEBUS, M.D., PH.D.,* AND DANIELA SCHULZ-ERTNER, M.D.*

Int. J. Radiation Oncology Biol. Phys., Vol. 71, No. 4, pp. 972–978, 2008
Copyright Ó 2008 Elsevier Inc.



Overall Survival

23/10/2017
Int. J. Radiation Oncology Biol. Phys., Vol. 71, No. 4, pp. 972–978, 2008

Copyright Ó 2008 Elsevier Inc.



Localised RT not CSI

23/10/2017
Int. J. Radiation Oncology Biol. Phys., Vol. 71, No. 4, pp. 972–978, 2008

Copyright Ó 2008 Elsevier Inc.
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THE SIGNIFICANCE OF RADIOTHERAPY TREATMENT DURATION IN
INTRACRANIAL EPENDYMOMA

ARNOLD C. PAULINO, M.D.,*†
AND B-CHEN WEN, M.D.*

Int. J. Radiation Oncology Biol. Phys., Vol. 47, No. 3, pp. 585–589, 2000
Copyright © 2000 Elsevier Science Inc.

Fig. 2. Comparison of overall survival rates for patients with
radiotherapy treatment duration 50 days vs. 50 days ( p
0.01, log-rank test).



Prognostic Features in adults
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Prognostic Features in adults
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Prognostic Features in adults

23/10/2017

MD Anderson Series



Evidence for chemotherapy

• (or lack of……)

23/10/2017



Evidence for chemotherapy
• Sensitivity of ependymoma to chemotherapy agents 

is low

23/10/2017



Chemotherapy
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Chemotherapy
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4 retrospective cohorts of posterior fossa ependymoma n= 820

Assessed molecular variants EPN_PFA and EPN_ PFB

Assessed role of surgery and radiotherapy
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An international clinical program for the diagnosis and treatment  
of children, adolescents and young adults with ependymoma 
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Surgery 

Study entry 
Post-Operative MRI + CSF 

Patients > 12 months 
 with measurable 

inoperable residue 
 

Randomized frontline 
phase II chemotherapy 

study and exploration of 
the efficacy of a boost of 

radiotherapy  
 
 

Stratum 2 

Patients > 12 months 
 with no measurable residue  

          
Randomized phase III trial to 
evaluate the efficacy of post 

radiation maintenance 
chemotherapy  

(VEC CDDP for 16 weeks)  
 
 
 

Stratum 1 

 Patients < 12 months 
 and patients not eligible to 

receive RT  
 

Randomized phase II 
chemotherapy study:  

Alternated myelosuppressive 
and non myelosuppressive 
chemotherapy +/- HDACi 

(Valproate) 
 
 

Stratum 3 

MRI  

FIRST STEP 
Staging Phase 

Central review of imaging and pathology: 
Confirm diagnosis and evaluate need of second look surgery 

Patients not included in 
one of the interventional 

studies 
 

Observational study 
 

REGISTRY 
 

SECOND STEP 
Interventional or observational Phase 
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FLOW SHEETS OF PATIENTS INCLUSION  
 

 
 

 

 

 

 

 

  

Central review of imaging and pathology: 
Confirm diagnosis and evaluate second look surgery 

Surgery 

 Entry in selection phase 
 

MRI  

Absence of residual disease Inoperable residue Second look surgery Stratum  2 

Residual / operable 
disease

< 12 months or 
not Eligible for radiotherapy 

 
Age > 12 months 

and eligible for radiotherapy 

Stratum 3 

Stratum 1 

Age > 12 months 
 and eligible to radiotherapy 

1st consent 

2nd consent 2nd consent 

2nd Consent 



• First randomised study in adult ependymoma
• Patient related outcomes
• Molecular information collected
• 50 patients enrolled
• Await further follow-up

23/10/2017



So what to do in adults?

Myxopapillary ependymoma
• Gross total resection 

– no need for further treatment 
– imaging follow-up

• Sub-total/recurrence
– Radiotherapy

• Further recurrence
– No standard chemotherapy

23/10/2017



So what to do in adults?

Grade II Ependymoma
– Gross Total Resection – observation

Grade II subtotal/Grade III
– radiotherapy

Recurrence
– no proven role for chemotherapy
– ? Re-irradiation

23/10/2017



Radiation Doses

23/10/2017



Radiotherapy Dose

• Children:
– 54 Gy/30#
– High risk 59.4 Gy/33#*

• Adult: 
– 54Gy -60GY/30-33#

23/10/2017

*



Re-irradiation?

Ependymoma recurrence:

~ 40% local
~ 40% metastatic
~ 20% local and metastatic

23/10/2017
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• Retrospective series 1986-2010
• 113 patients 47 relapsed

• 13 – no RT at diagnosis
• 18 – re-irradiated FSRT or CSI (54GY to brain/36Gy to spine)
• 16 – no re-irradiation

• Median time to relapse 2.2 years (1.1-9.4)



Re-irradiation

23/10/2017

• No acute toxicity
• Report some neurocognitive change between pre and post radiotherapy*



23/10/2017

• Retrospective series 1995-2012
• N=12
• Mean time to recurrence 24 months (1-37)
• Treated with fractionated SRS (24Gy/3# or 30/3#)



Re-irradiation

23/10/2017

*6/12 patients radionecrosis
3 required treatment
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Michael Brada
Vienna
24 October 2017

Cranial germ cell tumours



Cranial germ cell tumours

germinomateratoma

yolk sac tumour

embryonal tumour

choriocarcinoma



Cranial germinoma

Pineal



Cranial germinoma

Suprasellar



Cranial germinoma

Pineal & suprasellar



Cranial germ cell tumours

Poynter et al 2014 J Neuro-oncology;120: 381-388 

SEERS registry 1992-2010
males & females 0 – 29 years

incidence & gender 



Poynter et al 2014 J Neuro-oncology;120: 381-388 

SEERS registry 1992-2010
males & females 0 – 29 years

incidence by tumour location & gender 

Cranial germ cell tumours



Cranial germ cell tumours

germinomateratoma

yolk sac tumour

embryonal tumour

choriocarcinoma



• diagnosis
• serum and CSF markers
• histology

• staging
• CSF cytology

• craniospinal MRI

Cranial germinoma



Cranial germ cell tumor

Acute management of hydrocephalus



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

Cranial germinoma



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

Cranial germinoma



Rogers et al 2005 Lancet Oncol; 6: 509–19

Cranial germinoma

whole brain

brain radiotherapy

whole ventricular local



Cranial germinoma

Evolution of germinoma therapy

chemotherapy

radiotherapy

radiotherapy

cranio-spinal axis RT 36 Gy + boost to tumour site 14Gy
(total tumour dose 50Gy) 

Carboplatin
Etoposide
Ifosfamide

whole ventricular or tumour site RT
(total tumour dose 40Gy) 

cranio-spinal axis RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

dose reduction

volume reduction

whole brain or whole ventricular RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

chemotherapy & volume reduction



Evolution of germinoma therapy

chemotherapy

radiotherapy

radiotherapy

cranio-spinal axis RT 36 Gy + boost to tumour site 14Gy
(total tumour dose 50Gy) 

Carboplatin
Etoposide
Ifosfamide

whole ventricular or tumour site RT
(total tumour dose 40Gy) 

cranio-spinal axis RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

dose reduction

whole brain or whole ventricular RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

chemotherapy & volume reduction

German MAKEI studies

volume reduction

Cranial germinoma



Cranial germinoma

whole brain

cranio-spinal brain radiotherapy + boost

whole ventricular local



Bamberg et al 1999, J Clin Oncol; 17:2585

Cranial germinoma

German MAKEI studies - radiotherapy alone

36Gy CSI/ 50Gy tumour 30Gy CSI/45Gy tumour



Cranial germinoma

36Gy CSI/ 50Gy tumour 30Gy CSI/45Gy tumour

German MAKEI studies - radiotherapy alone

Bamberg et al 1999, J Clin Oncol; 17:2585



Cranial germinoma

Evolution of germinoma therapy

chemotherapy

radiotherapy

radiotherapy

cranio-spinal axis RT 36 Gy + boost to tumour site 14Gy
(total tumour dose 50Gy) 

Carboplatin
Etoposide
Ifosfamide

whole ventricular or tumour site RT
(total tumour dose 40Gy) 

cranio-spinal axis RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

dose reduction

volume reduction

whole brain or whole ventricular RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

chemotherapy & volume reduction

SIOP study



Rogers et al 2005 Lancet Oncol; 6: 509–19

Cranial germinoma

whole brain

brain radiotherapy

whole ventricular local



Calaminus et al 2013 Neuro-oncology;15(6):788-96 

SIOP CNS GCT 96 - germinoma

Cranial germinoma

investigator choice

non-metastatic

metastatic

chemotherapy local RT    40Gy in 25F

CSA-RT        24Gy in 15F
& local boost 16Gy in 10F

CSA-RT        24Gy in 15F
& local boost 16Gy in 10F

chemotherapy

125 pts

chemotherapy
alternating Carboplatin/Etoposide

and Carboplatin/Ifosfamide

CSA-RT  - craniospinal axis radiotherapy



Calaminus et al 2013 Neuro-oncology;15(6):788-96 

SIOP CNS GCT 96

event free survival

Cranial germinoma

cranio-spinal axis & boost RT
focal RT + chemo

cranio-spinal axis & boost RT + chemo

non-met.

metast.

chemo.

no chemo. (solid line)

months



Calaminus et al 2013 Neuro-oncology;15(6):788-96 

SIOP CNS GCT 96

survival

Cranial germinoma

months



Rogers et al 2005 Lancet Oncol; 6: 509–19

Cranial germinoma

whole brain

brain radiotherapy

whole ventricular local

rationale



Radiotherapy in cranial germinoma

volume of RT recurrences
(% all sites)

recurrences
(% spine)

no. pts

local only 24% 10% 130

whole ventricular + 6% 2% 54

whole brain + 7% 3% 91

cranio-spinal axis + 5% 1% 287

Aoyama et al 2009, Prog Neurol Surg: 23, 96-105

recurrence rate and extent of irradiation

+ boost



Cranial germinoma

Evolution of germinoma therapy

chemotherapy

radiotherapy

radiotherapy

cranio-spinal axis 36 Gy + boost to tumour site 14Gy
(total tumour dose 50Gy) 

Carboplatin
Etoposide
Ifosfamide

tumour site alone
(total tumour dose 40Gy) 

cranio-spinal axis 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

dose reduction

volume reduction

whole brain or whole ventricular RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

chemotherapy & volume reduction

SFOP-TMG-90 French study



Alapetite et al 2010 Neuro-oncology. 12(12):1318-25 

SFOP-TMG-90

survival & event free survival

Cranial germinoma



Alapetite et al 2010 Neuro-oncology. 12(12):1318-25 

SFOP-TMG-90

sites of relapse

Cranial germinoma



Alapetite et al 2010 Neuro-oncology. 12(12):1318-25 

SFOP-TMG-90

sites of relapse

Cranial germinoma



Rogers et al 2005 Lancet Oncol; 6: 509–19

Cranial germinoma

whole brain

brain radiotherapy

whole ventricular local

rationale



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

Cranial germinoma



Cranial germinoma

Evolution of germinoma therapy

chemotherapy

radiotherapy

radiotherapy

cranio-spinal axis 36 Gy + boost to tumour site 14Gy
(total tumour dose 50Gy) 

Carboplatin
Etoposide
Bleomycin

tumour site alone
(total tumour dose 40Gy) 

cranio-spinal axis 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

dose reduction

volume reduction

whole brain or whole ventricular RT 24Gy + boost to tumour site 16Gy
(total tumour dose 40Gy) 

chemotherapy & volume reduction

International multicentre study
(consortium)

Balmaceda et al 1996, J Clin Oncol, 14: 2908-2915



Chemotherapy alone in cranial germinoma 

Germinoma

45

Germinoma

45

progression/relapse

22

progression/relapse

22

alive

19

alive

19

died

3

died

3

free of progression/relapse

23

free of progression/relapse

23

alive

19

alive

19

died

4

died

4

tumour control following chemotherapy

CEB chemotherapy x 4

Balmaceda et al 1996, J Clin Oncol, 14: 2908-2915



Chemotherapy alone in cranial germinoma 

Balmaceda et al 1996, J Clin Oncol, 14: 2908-2915

Germinoma

45

Germinoma

45

progression/relapse

22

progression/relapse

22

alive

19

alive

19

died

3

died

3

free of progression/relapse

23

free of progression/relapse

23

alive

19

alive

19

died

4

died

4

tumour control following chemotherapy

CEB chemotherapy x 4



Chemotherapy alone in cranial germinoma 

overall survival

Balmaceda et al 1996, J Clin Oncol, 14: 2908-2915



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

Cranial germinoma

Conclusion



Cranial germinoma

localised (& 2 sites)

2 x CarboPEI

24 Gy whole ventricular RT

24 Gy whole ventricular RT
+ 16Gy boost

CR 

PR 

24 Gy cranio-spinal RT
+ 16Gy boost

disseminated 

SIOP CNS GCT II



Cranial germinoma

localised (& 2 sites)

2 x CarboPEI

CR 

PR 

disseminated 

SIOP CNS GCT II

24 Gy whole ventricular RT

24 Gy whole ventricular RT
+ 16Gy boost

24 Gy cranio-spinal RT
+ 16Gy boost

Alternative approach



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

Cranial germinoma

Conclusion



Cranial germ cell tumours

germinomateratoma

yolk sac tumour

embryonal tumour

choriocarcinoma

non-germinoma



• diagnosis
• serum and CSF markers
• histology

• staging
• CSF cytology

• craniospinal MRI

Cranial non-germinomatous germ cell tumours (NGGCT)

cranial NGGCT



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

cranial NGGCT - management options

Cranial non-germinomatous germ cell tumours (NGGCT)



• surgery

• radiotherapy
• localised
• whole ventricular/whole brain

• cranio-spinal axis

• chemotherapy
• alone
• adjuvant

Cranial non-germinomatous germ cell tumours (NGGCT)

• mature teratoma
• immature teratoma without 

malignant component

cranial NGGCT - no malignant component/mature



• surgery

• chemotherapy
• alone
• adjuvant

• radiotherapy
• localised

• whole ventricular/whole brain
• cranio-spinal axis

Cranial non-germinomatous germ cell tumours (NGGCT)

cranial NGGCT - malignant



surgery
(biopsy)

management of malignant cranial NGGCT

chemotherapy

surgery

radiotherapy

conventional approach

Cranial non-germinomatous germ cell tumours (NGGCT)



Calaminus et al 2017 Neuro-oncology; e-publ July2017 

SIOP CNS GCT 96 - non-germinoma

non-metastatic

metastatic

chemotherapy local RT    54Gy in 30F

CSA-RT        30Gy in 19F
& local boost 24Gy in 15F

chemotherapy

chemotherapy
Carboplatin/Etoposide/Ifosfamide

CSA-RT  - craniospinal axis radiotherapy

Cranial non-germinomatous germ cell tumours (NGGCT)

surgeryresidual resectable disease



Calaminus et al 2017 Neuro-oncology; e-publ July2017 

SIOP CNS GCT 96 - non-germinoma

Cranial non-germinomatous germ cell tumours (NGGCT)

progression free survival



Calaminus et al 2017 Neuro-oncology; e-publ July2017 

SIOP CNS GCT 96 - non-germinoma

Cranial non-germinomatous germ cell tumours (NGGCT)

survival



Calaminus et al 2017 Neuro-oncology; e-publ July2017 

SIOP CNS GCT 96 - non-germinoma

Cranial non-germinomatous germ cell tumours (NGGCT)

progression free survival

no residual tumour

(incl. after surgery)

residual tumour



surgery
(biopsy)

management of malignant cranial NGGCT

chemotherapy

surgery

radiotherapy

SIOP - CNS GCT 96

Cranial non-germinomatous germ cell tumours (NGGCT)



management of malignant cranial NGGCT

chemotherapy

2nd look
surgery

radiotherapy

POG study

Cranial non-germinomatous germ cell tumours (NGGCT)

CR

surgery
<CR

PD

off study

Goldman et al 2015 J Clin Oncol 33:2464-2471

CR

HD chemotherapy

radiotherapy



Cranial non-germinomatous germ cell tumours (NGGCT)

Goldman et al 2015 J Clin Oncol 33:2464-2471

POG study in malignant cranial NGGCT

all patients



Cranial non-germinomatous germ cell tumours (NGGCT)

Goldman et al 2015 J Clin Oncol 33:2464-2471

POG study in malignant cranial NGGCT

responders (CR & <CR)



• surgery

• chemotherapy
• alone
• adjuvant

• radiotherapy
• localised

• whole ventricular/whole brain
• cranio-spinal axis

Conclusion

Cranial non-germinomatous germ cell tumours (NGGCT)



Michael Brada
Professor of Radiation Oncology
University of Liverpool

Department of Molecular and Clinical Cancer Medicine
& Department of Radiation Oncology
Clatterbridge Cancer Centre NHS Foundation Trust
Bebington, Wirral, CH63 4JY

michael.brada@liverpool.ac.uk

Cranial germ cell tumours

mailto:michael.brada@liverpool.ac.uk


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: 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=98n=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=49P < .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



p=0.0022

altes Protokoll

neue Studie

Bonn-Bochumer Protokoll 2

• Ohne intrathekale Chemotherapie (n=18): 

• CR-Rate etwas schlechter als in der Vorstudie (53%)

• PFS deutlich reduziert

Pels et al., 2009

Monate



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



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



Ferreri et al., Lancet Haematol 2016 

PFS OS

IELSG-32 trial



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 OSn=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/


• Bruton tyrosine kinase (BTK) inhibitor

BTK links the B-cell antigen receptor (BCR) and Toll-like 

receptors with the NF-κB pathway

• Monotreatment or in combination with other drugs

• Increased aspergillosis as a particular side effect

• Retrospective series of 13 patients with recurrent PCNSL

 Overall response rate: 50%

Chamoun et al., Neurology 2017

Novel agents: Ibrutinib



Novel agents: Ibrutinib



Novel agents: PD-1 inhibitors



Take home messages

• Cure is probably restricted to younger patients

• Standard of care is only poorly defined

=> further trials are urgently needed

• HD-MTX as the therapeutic backbone / rituximab increasingly used

• WBRT should be avoided in the first-line setting

• Open questions:

• Role for new drugs, e.g. immune checkpoint inhibitors, 
ibrutinib…?

• Optimal treatment for elderly/frail patients?



year – conference/short  presentation title - name

Evidence based management of „childhood“ tumours
in adults

Management of medulloblastoma

Karin Dieckmann

Department of Radiotherapy

Medical University of Vienne



Medulloblastoma Epidemiology

• Incidence 2.6-5.4 per 100,000 children aged <19

• 5 y. Progression free survival < 60%

• Survival rate around 65% overall

• Survivors have significant long-term-health issues

• Incidence 0.5 per 100,000 adults per year

• Survival rate around 80% after 5 years



CBTRUS Statistical Report United States 
2009-2013

Less than 3% of all brain tumors in adults are Medullo-
blastoma or PNET

Children Adults
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OS / SEER 18 Register, 669 MB, 103 stPNET, 
Med. Age at time of diagnosis, 32ys MB; 30 ys srPNET, 1973-2009

Months

Favorable prognostic factors
Med OS p-Value

Age <  40 147 vs 68 Mon. 0.0001
Radiotherapy 143 vs 26 Mon. 0.0001
Surgery 116 vs 22 Mon. 0.00
Compl. Res. 173 vs 81 Mon. 0.0005

OS of Adults with Medulloblastoma and stPNET



Child

Adult

Medulloblastoma Differences

Discrepancies in childhood and adult MB :

 cell of origin

 tumor cell differentiation

 pathologic features

 localisation

 response to therapy



Staging according to Chang
Variable Tumor dimension Variable Tumor dimension

Tumor 
classification

Metastasis 
classification

T1 <3 cm M0 No evidence of gross
subarachnoid or hemato. 
metastasis

T2 >3cm M1 Microscopic tumor cell in CSF

T3a >3 with Tu into the
aqueduct/foramen Luschkae, 
cerebral subarachnoid space, 
third or lateral ventricles

M2 Gross nodular seeding in 
cerebellum

T3b >3 cm with unequivocal
spread into the brainstem; for
T3b surgical staging may be
used in the absence of
involvement at imaging

M3 Gross nodular seeding in 
spinal subarachnoid space

T4 >3cm with spread beyond the
aqueduct of Sylvius and
Foramen magnum

M4 Metastasis beyond
cerebrospinal axis



Autor n RT Chx Age Results

Greenberg
et al.,2001

17 CSI + local
boost

Packer (n=10)
POG (n=7)

Median: 23 
(18-47)

EFS – (median)/ (MST):
Packer-Gr. : 26 Mon./ (36 Mon.)
POG-Gr. : 48 Mon./ (57 Mon. )

Coulbois et 
al., 2001

22 n.A. n.A. n.A. 5- y PFS: 63.1%
5- y OS  : 81.3%

Brandes et 
al., 2003

36 CSI + boost
(36,0 Gy / 
54.8 Gy)

Chx. only
“high risk”

 18 years PFS 5 – J.: M0 75% vs. M+ 45% 
PFS 5 – J. “standard risk” 76% 
vs.“high risk” 61% 

Louis et al., 
2002

24 CSI +local 
boost

Chx. in 6 Pat. 
after relapse

 16 years 5 – y. OS: 82%

Spreafico et 
al., 2005

23 A : 36 /55 Gy 
B : HART
39,1 / 60 Gy

Sandwich Med. 26 y
(18-41 y.)

5 – J. DFS : 65%
OS: 73%

HART all pts. med 39 Mon. OS

Padovani et 
al., 2007

253 CSI
<30/> 30 Gy
PF<50/>50 Gy

Sandwich Med. 26 y
(18-41 y.)

5 – J. DFS : 65%
OS : 73%

HART all pts. med 39 Mon. OS

Friedrich et 
al., 2013

70 CSI 35,2
PF : 55 Gy

Packer-Chx.
49 Pts.

Med. 28,5y
(21-50 y.)

4 – J. EFS : 68% (only M 0)
OS : 89%

Medulloblastoma Different Studies



Autor n RT Chx Age Results

Brandes 
et al., 2007

36 CSI + boost
(36,0 Gy / 
54.8 Gy)

Chx. only
“high risk”

 18 years PFS 5 – y.: M0 78% vs. M+ 61% 
PFS 5 – y. “standard risk” 80%
vs.“high risk” 69% 
OS 5 –y.: 80% low risk vs.73%high 
risk

Medulloblastoma Different Prospective Studies

N=36 pts. 10 low risk Radiotherapy alone
26 high risk Upfront CT + RT    + adjuvant CT

22/26 upfront chemotherapy: 26 MOPP based
6 cisplatin based

RT Posterior Fossa 54.8Gy / CSI 36 Gy

Maintenance CT since 1995: cisplatin 25 mg/m2 day 1-4
Etoposide 40 mg/m2 day 1-4
Cyclophosphamide 1000 mg/m2 day 4



High Risk

Low Risk

5 y PFS low risk: 80%; (59% CI, 59-100%)
5 y PFS high risk: 69%; (95% CI, 54-89%)

Progression free survival

• No influence of metastatic status; presence of residual disease
after surgery had a significant effect on 5 year PFS.

• Longer follow up High risk patients have a better outcome.



Overall Survival

High Risk

Low Risk

Median follow up 7.6 years

Median OS 10.7 years low risk pts

5 y OS low risk: 80%; (95% CI, 58-100%)
5 y OS high risk: 73%; (95% CI, 58-92%)

• 5 years OS was not influenced by metastatic status at time of
Diagnosis; Presence of residual disease after surgery.



Risk of recurrence:
• 7 years for low risk
• 10 years for high risk

Open question: 
• Can low risk patients with MB profit from CT as children

and increase the OS
• Can RT of the CSI be reduced in l low risk patients



Medulloblastoma

Additional Chemotherapy?

(Standard in case of Children (M0-3))



Medulloblastoma, postop. RT plus Chemo
(n = 17 ( 10 „Packer“, 7 POG))

Med. event free survival
Packer : 26 Mon.
POG : 48 Mon.

Toxicity
7 of 10 : 
8 Cyclen Packer
In all Pat. Dose Reduction

Greenberg, 2001

Medulloblastoma in adults

Additional CT intensifies toxcicity without improvement of
the prognosis. Survival can be worse due to chemo in MB in adults

OS



Friedrich, Kortmann et al., 2013

HIT Register : Tübingen /  Leipzig – Würzburg / Hamburg, 
Age : > 21 years, 70 Pat. / M0

Jahre

Radiotherapy: 
47 Pat. : HIT 91 / 35,2 Gy, PF 55 Gy, 
9 Pat.: 23,4 Gy / 55 Gy 
11 Pat. : modif. Concepts
Chemotherapy
Maintenance-CT n. HIT 91 : 49 Pat.
No CT : 16 Pat.

4-years 
EFS 68% ± 7%
OS 89% ± 5%,

Medulloblastoma in Adults



+ Chx,  n= 49 : 74 ± 7 %

- Chx n = 14, 54 ± 19 %

p=0.027

HIT Register : Tübingen /  Leipzig – Würzburg / Hamburg, 
Alter : > 21 years., 70 Pat. / M0

4 year EFS

Medulloblastoma in Adults
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• Improvement of EFS in low risk patients by chemotherapy



Mayo / Rochester / 66 Pat.  Alter : > 18 years, med.age 33 
years (1969-2008)

High risk and classical Subtyp / n = 25 Pat.
Role of Chemotherapy (different Protocols)

Call, Laack et al., 2014

5 years Progressive Free Survival 5 years OS

71%

36%

100%

49%

Medulloblastoma in Adults



Padovani et al., 2007

Medulloblastoma, retrospective Analysis, 
253 Pat. (1975 – 2004)

EFS
5 years : 65%
10 years : 55%

OS
5 years : 72%
10 years : 55%

M0 : 5 J.  75%
M+ : 5 J:  57%
Dose PF </= 50Gy : 32% 
Dose PF > 50 Gy :   76%
+ Chx.: 71%
- Chx. : 73%

Chemotherapy : no advantage

Medulloblastoma in Adults



Medulloblastoma in adults

Redused. Dose / CT

Standarddose (+ / - Chx)
Others

Padovani et al., 2007

France / retrospective Analysis 
Dose / Dose relation ship / Rolle of CT M0

CSI
<30/> 30 Gy
PF<50/>50 Gy

• No lost of OS in case of redused RT dose and Chemotherapy
• Toxicity



Multicenter pilot study of radiochemotherapy as first-
line treatment for adults with medulloblastoma (NOA-
07) Dagmar Beier

• prospective descriptive multicenter single-arm phase II trial to
evaluate feasibility and toxicity of radio-polychemotherapy.

• The NOA-07 trial combined CSI with vincristine
Maintenance CT 8 cycles of cisplatin, lomustine, and vincristine.

• Primary endpoint was the rate of toxicity-related treatment
terminations after 4 chemotherapy cycles, and the toxicity profile. 

• The feasibility goal was reached if at least 45% of patients
received at least 4 cycles of maintenance chemotherapy.



Multicenter pilot study of radiochemotherapy as first-
line treatment for adults with medulloblastoma (NOA-
07) Dagmar Beier

Results N=30 pts ; 50% showed classic and desmoplastic/nodular
histology. 67% were classified into SHH subgroup without TP53
alterations, 13% in WNT, 17% in non-WNT/non-SHH. 
• Four cycles of CT were feasible in the majority (n = 21; 70.0%). 
• Hematological side effects and polyneuropathy were prevalent

toxicities. 
• The 3-year event-free survival rate was 66.6% at the time of

databank lock.

• RT/CT did lead to considerable toxicity in adults,  dose 
reductions through out the first 4 CT cycles

• Modifications on CT have to be performed



Wingless (WNT) Signalling
Beta catenin / impact of age

Medulloblastom in adults

Korshunov et al., 2010

>18 Jahre <18 Jahre



Medulloblastoma
Arguments for additional Chemotherapy

Additional adjuvant CT allows to reduce the RT-Dose in CSI?
( 36 Gy to 23.4 Gy) (Reduction of Neurotoxicity)

Additional adjuvant CT improves the prognosis in 
„Standard „ and „High Risk“ Patients

Additional adjuvant CT  prevent late relapses and the
Risk for metastasis outside the craniospinal region. 

Medulloblastoma in adults



Medulloblastoma
Arguments against additional Chemotherapy

The additional adjuvant CT is not practible with
Standard protokoll („Packer“) for „standard risk „ Patients . 
Therefore a dose reduction in the spinal axis
(von 36 auf 23.4 Gy) should be taken into account. Data Padovani ?

Additional adjuvant CT increases Toxicity without improving
the prognosis (Greenberg et al., 2001).

All hyperfractionated RTs for „standard risk“ patients
result in  identical OS with only minor neurocognitive dysfunction. 
(M-SFOP 98, Mumbai) im Vergleich 
mit reduz. kon. RT mit Chx.. eine zusätzl. Chx.ist daher verzichtbar.

Medulloblastom in Adults



Molecular characterisation will be done in Adults and is the
Base for individual Treatment



Treatment concepts of the children cannot be adopted
one by one for adults, studies are needed.

Actual Standard
postop. RT CSI 36 Gy / 54 Gy boost PF
(Boost only to the Tumor ?)
Dose reduction is not possible at the moment

Chemotherapy for „Standard risk „ ?
Feasibility and effectiveness?
New Concepts ? RT- CT ?
CT- Protocol for „High risk“ ?

Medulloblastoma in Adults
Conclusion

Molecular markers for choosing individual MB Therapy
Molecular markers and the concept of biological Risk Profile will
Influence MB Therapy .





Management of medulloblastoma
in children 

Darren Hargrave

Consultant Paediatric Oncologist, 

Neuro-oncology & Experimental Therapeutics

Great Ormond Street Hospital. London, UK.





Medulloblastoma

 Most common malignant CNS 
tumour in children

 Tremendous progress over last 20 
years
 Treatment 
 Biology >>> several distinct subtypes



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 - Aetiology 

- Unknown for most patients 
- Familial cases

• SIR 4.1 for siblings

- Genetic susceptibility 

Genetic susceptibility
-Seen in several familiar cancer predisposition
syndromes (Gorlin syndrome, Turcot syndrome,
Li-Fraumeni syndrome, Fragile X syndrome,….)
-Frequency 10% overall, 30% of pts < 3 years
-Genetic counselling/screening of family members



Medulloblastoma - Clinical presentation  

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

- In infants increase in head circumference, bulging of the fontanelles

- Hemispheric location more common in very young children and
adults (lateralising difficulties with coordination: ataxia and
dysmetria)



Medulloblastoma - Spread 

- Frequency of leptomeningeal seeding at
diagnosis 30-35%

- Greater in infants and very young children

- 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

- MRI of spine pre or post-op > 14 d

- Lumbar CSF cytology > 14 d post-op



Medulloblastoma - Prognosis 

Prognosis depends on……..

-Extent of primary tumor/completeness of surgical 
resection 

-Presence or absence of leptomeningeal seeding 



Medulloblastoma - Prognosis 

Also….Pathologic/molecular subtype



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
Pathologic subtypes (WHO 2007)

- Medulloblastoma («classic»)

- Desmoplastic/nodular medulloblastoma 

- Medulloblastoma with extensive nodularity (MBEN)

- Anaplastic medulloblastoma 

- Large cell medulloblastoma 

70-80% all

Good

Good

Bad

Bad



UNIVERSITA’ DEGLI STUDI DI TORINO

Classic Medulloblastoma

- 70-80%  all

- Prototypical small blue cell tumor 

- Densely packed undifferentiated cells 



Desmoplastic Medulloblastoma

- Mostly in hemispheres 

- Very young children and adults 

- Biphasic architecture  

Nodules showing neuronal differentiation («pale

islands») surrounded by more cellular areas with

prominent desmoplasia

- More favourable  



Medulloblastoma with extensive nodularity (MBEN)

- Overlaps with desmoplastic MB (10-15% of young children)

- Pronounced nodularity (macroscopic)

- Greatly expanded «pale islands» with more advanced neuronal
differentiation (neurocytes): previously called “cerebellar
neuroblastoma”

MBEN
- Infants (<3 years)
- Strong association with Gorlin

syndrome
- Better prognosis than other

subtypes (lower frequency of
mts, more sensitive to CT and
RT)



Large cell medulloblastoma

- Rare (2-4% of MB)

- Significantly more aggressive

- Large monomorphic cells

- High mitotic rate, extensive apoptosis

- Overlap with anaplastic subtypes



Anaplastic medulloblastoma

- Recently introduced concept

- Problem: many MBs show varying degrees of anaplasia

• Anaplasia only a significant prognostic factor if severe and

diffuse

• May not be an independent factor….





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

Taylor, et al, Acta Neuropathol, 2012







Redefining subsets  

Group A (WNT)
-15%
-Older children
-All had β catenin mutation (not found in other groups)
-Classic histology
-No metastasis
-Prognosis very good

Group B (SHH)
-25%
-Mostly desmoplastic
-Rarely metastatic
-Infants and adults
-Good prognosis for infants, intermediate for adults



Redefining subsets (cont’d)  

Group C,D (Group 4), E (Group 3)

-60%
-Young children
-Markers of neuronal and/or photoreceptor
differentiation
-Hystology classic or LCA
-Propensity to CSF spread
-Prognosis poor for group E, intermediate for group C,D



Medulloblastoma: the management 

- Standard risk Medulloblastoma

- High risk medulloblastoma

- Infant medulloblastoma



03/01/13



03/01/13



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



















Medulloblastoma: the management 

- Standard risk Medulloblastoma

- High risk medulloblastoma

- Infant medulloblastoma



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



High risk MB – Approaches 

COG: Daily Carboplatin with RT (99701)

MILAN: HFRT with HD chemotherapy



Gandola L. et al, JCO, 27, 2009 

Milan HART Study

- 1998-2007
- 33 pts (M1 9, M2 6, M3 17, M4 1)
- HART: CSI (39 Gy; 1.3 Gy/fraction bid)

posterior fossa boost up to 60 Gy (1.5 Gy/fraction 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%



COG High Risk Study 
Radiosensitisation study





SIOP HR
Medulloblastoma 
Trial



Medulloblastoma: the management 

- Standard risk Medulloblastoma

- High risk medulloblastoma

- Infant medulloblastoma



Infant Medulloblastoma 

- Management problematic

- Most protocols involve avoidance (or 1-2 yrs post-

poning) of routine CSRT

- Most protocols have accepted impaired outcome and

need for RT as salvage, when treatment is more

difficult

- Lack of data on long-term quality of life outcome
So far it has been feasible to deliver reduced dose CSRT for high risk MB in 

infants, but toxicity of full dose (35-36 Gy) CSRT is problematic 



ACNS1221
A Phase II Study for the Treatment of Non 

Metastatic Desmoplastic Medulloblastoma
in Children Less Than 4 years of Age

Lucie Lafay-Cousin, Eric Bouffet, Arzu Onar-Thomas, Catherine Billups, Cynthia Hawkins, Charles 
Eberhart, Craig Horbinski, Giles Robinson, Douglas Strother, Linda Heier, Mark Souweidane, 
Maryam Fouladi, Amar Gajjar



• Nodular desmoplastic medulloblastoma and 
medulloblastoma with extensive nodularity (ND/MBEN) 
have been associated with a more favorable outcome in 
younger children 

• Can be cured without using radiation or consolidation 
with high dose chemotherapy strategy

• Different toxicity /efficacy profile of regimens used
Fertility (CPM, Thiotepa); Ototoxicity (CDDP)
Neurocognitive Methotrexate  (Intrathecal MTX) 

Lucie Lafay-Cousin – ASCO Meeting Chicago June 03rd 2017

Background/Rational



• Best survival outcome observed with the German HIT SKK 
regimen: 5y PFS of 95% ± 5%
• No adjuvant radiotherapy

• Conventional chemotherapy 

• With serial intraventricular injections of Methotrexate

• Can we replicate similar outcome using a modified HIT SKK 
regimen WITHOUT the IT  MTX?

Background/Rational

Lucie Lafay-Cousin – ASCO Meeting Chicago June 03rd 2017



Study Design
Induction (Cycle A)  total duration of 6-7 months

Continuation (Cycle B) total duration ~3 months

Total planned therapy duration of 9-10 months
Lucie Lafay-Cousin – ASCO Meeting Chicago June 03rd 2017



• Estimation of PFS for patients under 4 years of  age, with M0 
ND/MBEN treated with a modified HIT SKK 2000 regimen 
(excluding the use of intraventricular MTX)

2-year PFS rate ≥ 90%  both desirable for patient and 
relatively comparable to HIT SKK 2000

Primary Objective

Lucie Lafay-Cousin – ASCO Meeting Chicago June 03rd 2017



• Study opened 
December 23rd, 2013

• Permanently closed
July 27th, 2016

• 26 patients enrolled out 
of 37 needed

Accrual

Lucie Lafay-Cousin – ASCO Meeting Chicago June 03rd 2017



Survival
• Study permanently 
closed for excess of 
relapse at interim analysis

• Estimated 1 y PFS of 
53.6% (SE, 10.1%)

• Median follow up for the 
25 survivors was 1.2 years 
(0.6 to 2.9 y)

Lucie Lafay-Cousin ASCO meeting Chicago June 03rd 2017



N
Sex/Age at diagnosis

(months)
Residual 
disease

Time of relapse 
from diagnosis Site of relapse Outcome 

(months from relapse)
Subsequent 
treatment

1 M (31.1) - 9.5 Local Alive (14.4) Surgery, CT, SCT 
2 M (31.9) + 9.7 Distant Alive (14.9) CT, RT
3 F (32.0) - 10.5 Distant DOD (2.9) na
4 M(21.3) - 13.7 Local Alive (8.8) na
5 F(31.4) - 9.9 Combined Alive (9.9) CT
6 M(27.2) + 8.9 Combined Alive (5.3) CT
7 M(20.8) - 11.7 Distant Alive (0.2) na
8 M(17.2) - 9.6 Combined Alive (0.1) na
9 M(24.4) - 9.7 Local Alive (2.9) CT
10 M(26.7) - 11.7 Local Alive (0.7) na

11 M(26.9) - 10.9 Local Alive (at time of relapse) na
12 M(15.8) - 9.8 Local Alive (at time of relapse) na

Relapses

Lucie Lafay-Cousin ASCO meeting Chicago June 03rd 2017



Conclusion
• The ACNS1221 regimen without IT MTX failed to achieve the 

desirable 2y PFS of 90%, leading to premature closure of the 
study

• None of the MBEN and of  the patients under 12 months 
relapsed

• The molecular characterization of this ND/MBEN cohort is 
currently been investigated and may help uncover patients 
who may still benefit from this regimen

Lucie Lafay-Cousin ASCO meeting Chicago June 03rd 2017









Management of medulloblastoma 
in children 

Thanks!



Management of pilocytic
astrocytoma in children

Darren Hargrave

Consultant Paediatric Oncologist, 

Neuro-oncology & Experimental Therapeutics

Great Ormond Street Hospital. London, UK.
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Evidence based management of individual tumour types



Pilocytic astrocytoma

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



Aetiology of Childhood LGG

03/01/13

NF-1



Optic Pathway Glioma



MAPK in pLGG



BRAF abnormalities – hallmark signature for PA



























Low Grade Glioma in Children

Alternative Chemotherapy
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FUTURE MANAGEMENT OF LGG





First Generation BRAFi pLGG





The first study of dabrafenib in pediatric 
patients with BRAF V600-mutant relapsed 

or refractory low-grade gliomas 

Mark Kieran, Eric Bouffet, Uri Tabori, Alberto Broniscer, Kenneth Cohen, 
Jordan R. Hansford, Birgit Geoerger, Pooja Hingorani, Ira Dunkel, Mark Russo, 

Lillian Tseng, Qing Liu, Noelia Nebot, Jim Whitlock, Darren Hargrave



Best response to dabrafenib (independent review)

* Missing patients (SD, n = 4; CR, n = 1 [patient recategorized as SD]; not evaluable, n = 1). ** Patients with no RP2D assigned dose. 
a Percentage change from baseline in sum of products will be  of perpendicular diameter of target lesions. b Includes all patients 
with measurable disease and ≥ 1 post-baseline evaluation. c Plot shows maximum reduction on study (2 patients with PD previously 
had SD; 1 PD was due to a new lesion).



As of the data cutoff, median duration of response and median PFS have not been met

DURATION OF RESPONSE (INDEPENDENT REVIEW)

CRb

PRb

* Censored when discontinued study and patient in response at that time.  Response ongoing as of the data cutoff date (April 1, 2016). 
a Patient initially assessed as CR and recategorized as SD. b Response categorization based on best overall response.



*










113 *
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GOSH BRF 1

Pre Treatment Following 10 months of treatment



GOSH BRF6
Pre treatment After 8 weeks of treatment



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)



BRAFi: Toxicity



First Generation MEKi pLGG



ASCO 2017: Abstract #182373
A Phase II Prospective Study of Selumetinib in Children 
with Recurrent or Refractory Low-grade Glioma (LGG): 

A Pediatric Brain Tumor Consortium (PBTC) Study

Jason Fangusaro, MD

Pediatric Brain Tumor Consortium (PBTC)

Ann & Robert H. Lurie Children’s Hospital of Chicago

Associate Professor of Pediatrics

Northwestern University Feinberg School of Medicine 



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



Stratum 1:  Recurrent/Refractory 
BRAF Aberrant Pilocytic Astrocytoma

• N=25 eligible and evaluable.
– Expansion beyond first 16 justified based on response and statistical design

– 18 BRAF duplications and 7 BRAF V600e mutations

• Best response (regardless of timeframe): 
– 8 PR, 10 SD, 7 PD during treatment

– Of the 8 PRs, 6 had BRAF duplication and 2 had BRAF V600e mutation

• 5 patients still on treatment.

• 5 patients progressed while off treatment and after completing all 26 courses.



BRAF KIAA 1549 Fusion Positive

BRAFv600E Positive



2 year PFS=66 +11%



Stratum 3:  NF-1 associated 
Low Grade Glioma

• N=25 eligible and evaluable
– Expansion beyond first 16 was justified on imaging based on statistical design

– Only 3 with tissue and all negative for both BRAF alterations tested

• Best response (regardless of timeframe): 
– 10 PR, 14 SD, only 1 PD during treatment 

– 18 patients completed all 26 courses 

– 4 patients progressed while off treatment
• 3 completed 26 course and 1 completed 24 courses (came off due to toxicity)

• All patient completed therapy





2 year PFS= 96+4%



Toxicity
• Most common toxicities were Grade 1/2 

CPK elevation, diarrhea, 
hypoalbuminemia, elevated AST and rash.

• Rare Grade 3/4 toxicities included 
aymptommatic elevated CPK, rash, 
neutropenia, emesis and paronychia.



MEKi: Toxicity



GOSH MEK 1
Pre treatment After 6mnths of treatment
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… because function & biology matters
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Olaf Witt
SIOP LGG 201X

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

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

(multivariate analysis: age, location, histology, extend of resection)
 Stratify for relevant targeted therapies e.g. BRAF/ MEK inhibitors

Why (biopsy) molecular biomarkers?
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Olaf Witt
SIOP LGG 201XTrial Design

R

Vincristine + Carboplatin

Vinblastine

MEK inhibitor
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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

Inclusion Criteria



Thanks!
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Evidence based management of individual tumour types



Childhood Tumours in Adults
pilocytic astrocytoma /optic nerve glioma

Dr Sarah Jefferies

23/10/2017



Outline

• Review management in children

• Evidence for recommended treatment of 
adults

• Present some clinical cases

23/10/2017



PA in children

• Most common CNS tumour diagnosis – 5-14 
years of age

• Sporadic – mainly cerebellar (NFI – optic 
pathways)

• Well defined tumours
• Lack of invasiveness
• Malignant transformation in <5%



Treatment in children 

• Neurosurgical excision:
– complete 10-year survival > 90%
– incomplete 10-year survival ~ 74%*

*some residual tumours regress after surgery

• Recurrence 
– consider further surgical resection

Forsyth et al. Cancer, 1993; 72:1335



Chemotherapy – in children 

• Chemotherapy often first treatment if 
progression confirmed and no further surgery 
feasible

– Carboplatin/vincristine

– CCNU/vincristine/procarbazine combinations



Radiotherapy – in children

• Dose and fractionation: 54GY/30#

• Concerns around cognitive deficit and 2nd

malignancy

• Minimize with protons?
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Radiotherapy – in children

• Mansur et al.,
– Retrospective review of 

PA who had received RT
• Median age at diagnosis 10 

(3-18) 
• Median age for RT 11 (4-25)
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Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 3, pp. 829–834, 2011 



Radiotherapy – in children
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Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 3, pp. 829–834, 2011 



PA in childhood

Classical 
appearance of PA 
in an 8 year old 



PA in childhood



PA in childhood



PA in Adults

• Presentation
– Recurrence after treatment as a child
– De novo PA in an adult 

– Important to be confident of the diagnosis
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2008
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Referred urgently as a GBM for 
ChemoRT after biopsy



PA in adults

• 15/08/08 – underwent surgical resection
• Genome-wide copy number analysis 

– does not show the pattern of a highly  malignant 
astrocytoma 

– does not show the common pattern of a pilocytic
astrocytoma either

– Probable Pilocytic Astrocytoma WHO grade I
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2010
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Increasing seizure frequency



2010

• 12/02/10 – further neurosurgical resection
• Histopathology

– Slight increase in Mib – still features of grade I 
pilocytic astrocytoma

• Offered post-operative radiotherapy
– 54Gy/30#
– Conformal technique
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2017
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Clinically well BRAF V600E negative, BRAF fusion negative 
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Adult pilocytic astrocytom as: clinical features and
molecular analysis 

    

  

Brett J. Theeler , Benjamin Ellezam, Zsila S. Sadighi, Vidya Mehta, M. Diep Tran,

Adekunle M. Adesina, Janet M. Bruner, Vinay K. Puduvalli

Neuro-Oncology, Volume 16, Issue 6, 1 June 2014, Pages 841–847,



Adult PA
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Neuro-Oncology, Volume 16, Issue 6, 1 June 2014, Pages 841–847,
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Adult PA

• Largest retrospective series of adult PA
• Confirms:

– Very rare > 60
– Importance of neuropathology review
– BRAF mutation and fusion – rare
– Observation after surgery feasible especially if GTR 
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Pseudoprogression
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Trunin Y, Golanov A V., Kostjuchenko V V, et al. (February 21, 2017) Pilocytic Astrocytoma Enlargement
Following Irradiation: Relapse or Pseudoprogression?. Cureus 9(2): e1045. DOI 10.7759/cureus.1045

20 year old, 54Gy/30# SRT (5mm CTV/2mm PTV) 
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Optic Nerve Glioma

• Rare tumours

• Most commonly associated with NF2
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Optic nerve glioma

• Clinical and radiological diagnosis

• 26 year old male
– Initially thought to have optic neuropathy
– Managed by neurologists
– Had oligoclonal bands in CSF
– MRI - diagnosis
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Optic nerve glioma
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Optic nerve glioma

• Treated with 54Gy/30# IMRT/IGRT

• Vision has stabilised

• Had some new neurological symptoms and 
MRI confirmed new T2 high signal changes in 
keeping with demyelination
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Management of Adult ON Glioma

• Consider biopsy/surgery if feasible

• Always balanced with potential loss of 
function

• Consider if patient has neurofibromatosis
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Role of Radiotherapy

• No randomised data

• Number of series – small over several decades
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Retrospective Series
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J Nucl Med Radiat Ther 3:134 2012



Radiotherapy

• 54Gy/30#

• Use RT technique to minimise normal tissue 
toxicity

• Posterior ON pathway lesions – tend to do less 
well
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Impact of molecular understanding of brain
metastases on clinical practice

Assoc. Prof. Dr. Matthias Preusser
Department of Medicine I

Comprehensive Cancer Center Vienna
Medical University of Vienna



Incidence of brain metastases

- Occur in 10-30% of all adult cancers
- Approx. 10 times more frequent than primary brain tumors
- Relative incidence increasing, due to

- Effective systemic treatments  with longer survival
- Improved imaging techniques and their increased availability

- Approx. half of all brain mets due to NSCLC, others:
- Breast cancer
- Melanoma
- Unknown primary
- Renal cell carcinoma

Barnholtz-Sloan… Sawaya RE. 
J Clin Oncol 22:2865-72, 2004



Preusser et al, Acta Neuropathol 2011





Brain-metastatic cascade

Preusser et al, Acta Neuropathol 2012



Growth patterns of brain metastases

Berghoff A (...) Preusser M. Neuro-Oncol 2013

Delineated
51%

Perivascular
18%

Diffuse
32%



Treatment approaches

- Neurosurgery
- Radiotherapy

- Whole brain radiotherapy (WBRT)
- Stereotactic radiosurgery/radiotherapy (SRS/SRT)

- Systemic therapy
- Chemotherapy
- Targeted therapies, e.g. tyrosine kinase inhibitors, antibodies

- Supportive therapy
- Edema control 
- Anticonvulsants
- Pain

Preusser et al, Oxford University Press 2015



Neurosurgery

Typical indications:
- Patients with surgically accessible single brain metastases, no or 

controlled extracranial tumor burden and good performance status 
- Acute decompression on patients with significant mass effect from 

one or more brain metastases
- Patients with an unknown primary tumor to obtain tissue for 

histopathological and molecular tumor (sub-)typing

Note: unresolved issue of whether or not perform adjuvant irradiation
after neurosurgical resection; possible strategies:

- WBRT
- SRS
- Wait and see

Preusser et al, Oxford University Press 2015



Are there druggable targets brain mets?

EGFR

ALK

ROS1

BRAF V600E

PD1/PD-L1

Angiogenesis



Fekrazad M H et al. JCO 2007;25:5024-5026

Erlotinib 150 mg

60y, f, NSCLC IV, multiple BM

3 months after WBRT (30 Gy): 8 months later

EGFR inhibitors in NSCLC

007;25:5024-5026






Phase I study of alectinib in crizotinib-resistant ALK-positive NSCLC 

Ou et al, Lancet Oncol 2014



CNS protection by alectinib

Peters et al, NEJM 2017



Melanoma
42/76 (55.3%)

Ovarian cancer
1/15 (6.7%)

BRAF V600E in brain mets

Lung cancer
1/355 (0.3%)

Thyroid cancer
2/6

Colorectal cancer
4/72 (5.5%)

Chorioncarcinoma
1/2

Acta Neuropathol 2012 Capper et al, Acta Neuropathol 2011



Falchook et al, Lancet 2012

BRAF inhibitor active in brain metastases
of V600E mutant melanoma



Antibody-Drug Conjugate (ADC)



Antibody-Drug Conjugate (ADC)





10 patients

30% CNS-Response

50% clinical benefit rate

Median CNS-PFS: 5 months



KIARA trial
Multicenter, non-randomised, open-label, single agent, phase II study to determine the clinical 

benefit of T-DM1 in HER2-positive metastatic breast cancer patients with brain metastasis

PIs: M. Preusser & E. de Azambuja



Immunotherapy



Chapman PB et al. New Engl J Med 2015

Immune-checkpoint inhibition





?



Inflammation in brain mets



Blood-brain barrier

Preusser et al. ESMO Open 2017



Cohort A: asymtomatic, no corticosteroids (n=51)
Cohort B: symptomatic, stable dose of corticosteroids (n=21)

4x Ipi 10 mg/kg every 3 weeks, then maintenance every 12 weeks



PD-1 Inhibitor Pembrolizumab
NSCLC and melanoma brain metastases

Goldberg S.  Lancet Oncol 2016



Brain edema



Anti-oedema therapy

• Results from leakage of plasma into the tissue through disrupted BBB

• Detectable of T2-weighted and FLAIR MRI images

• Increased intracranial pressure with headache, vertigo, nausea/vomiting

• May lead to life-threatening brainstem compression and herniation

• Drug of choice: Dexamethasone

– Initial daily dose usually 12-16 mg

– Steroid dose should be rapidly reduced and tapered to individual need (“as much as 
needed, as little as possible”)

– Withhold corticosteroid in asymptomatic patients and when lymphoma or inflammatory 
lesion can not be ruled out

• Dexamethasone may be combined with osmotic agents such as mannitol 
or glycerol

• Obstructive hydrocephalus may be treated with CSF shunt

• Bevacizumab may reduce brain oedema and is associated with decreased 
corticosteroid need



Bevacizumab for brain edema and radionecrosis

01.12.2012
Before bevacizumab

01.03.2013
After 4x bevacizumab

FLAIR



Conclusions

• Brain metastases are common and a clinical challenge

• Radiotherapy/SRS and surgery are established treatment
options

• Brain mets are a promising target for prophylactic and
therapeutic intervention based on molecular insights, 
some mechanisms and drug targets identified and
treatmens emerging

• Many open questions that require specifically designed
trials (e.g. sequencing/combination strategies)



DANKE!



Clinical trials in neurooncology

ESTRO teaching course
Management of brain tumours

Patrick Roth

Department of Neurology and Brain Tumor Center
University Hospital Zurich



• Phase 0 Biological proof of concept / 
biodistribution

• Phase I Determination of safety, tolerability 
and maximum tolerated dose

• Phase II Suggestion of efficacy

• Phase III Proof of efficacy

• Phase IV Optimization of therapy and new 
patient populations (children, elderly patients)

Classification of clinical trials



Clinical trial endpoints



Typical mistakes of clinical trial designs



Essentials for planning a clinical trial



Phase 0 Trial of AZD1775 in 
Patients with First-Recurrence 
Glioblastoma

Nader Sanai, Jing Li, Julie Boerner, Harshil Dhruv, Michael Berens, 
and Patricia LoRusso

Barrow Neurological Institute, AZ; Translational Genomic Research Institute (TGen), 
AZ; Karmanos Cancer Institute, MI; Yale University Cancer Center, CT



Presented by:



AZD1775 Phase 0 Study for GBM

Presented by: Nader Sanai, MD
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Presented by: Nader Sanai, MD

 AZD1775 plasma exposure increased with the increase of dose
 2 to 24 h after 400mg dose, unbound (pharmacologically-active) drug 

concentrations in tumor ranged from 18 – 315 ng/g, with mean concentration 
(85 ng/g) > in vitro IC50 (42 ng/mL) for inhibition of cellular Wee1 activity
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RT/TMZTMZ + marizomib in newly diagnosed glioblastoma
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Adjuvant

Expansion

CONCOMITANT TREATMENT (MRZ+RT+TMZ 6 wks, BREAK 4 wks)

Cohort
Dose

(mg/m2)
N*

Safety 
Evaluation

Timing – First Pt Dose to 
Safety Evaluation

1 0.55 3 8 wks 14 wks

2 0.7 3 8 wks 14 wks

3 0.8 3 8 wks 14 wks

4 1.0** 3 8 wks 14 wks

5 1.2 3 8 wks 14 wks

ADJUVANT TREATMENT (MRZ+TMZ 28-day cycle)

Cohort
Dose 

(mg/m2)
N

Safety 
Evaluation

Timing – First Pt Dose to 
Safety Evaluation

1 0.55 3 4 wks 10 wks

2 0.7 3 4 wks 10 wks

3 0.8 3 4 wks 10 wks

4 1.0** 3 4 wks 10 wks

5 1.2 3 4 wks 10 wks



• If none of the first 3 evaluable patients in a dose cohort 
experience a DLT, then enrollment into the next higher dose 
cohort can be initiated. 

• If 1 of the first 3 evaluable patients in a dose cohort experiences 
a DLT, then an additional 3 patients will be enrolled into the same 
cohort. 

• If 1/6 evaluable patients in the expanded 6-patient cohort 
experiences a DLT, then the next higher dose cohort can be 
tested and enrollment of the next 3 patients at the next higher 
dose level can be initiated. 

• If ≥ 2/6 evaluable patients in the expanded 6-patient cohort 
experience a DLT, then the MTD has been exceeded and no 
further dose-escalation will occur. 

MRZ-112 trial: 3+3 design



MRZ-112: cohorts / extent of surgery

MRZ Concomitant Patients Adjuvant Patients

mg/m2 Pt ID Surgical Notes Category Pt ID Surgical Notes Category

0.55 101-C101 Subtotal resection Partial 101-A101 Subtotal resection Partial

101-C102 Subtotal resection Partial 101-A102 Subtotal resection Partial

101-C103 Subtotal resection Partial 101-A103 Subtotal resection Partial

0.7 301-C201 Partial resection Partial 105-A201 Sub total resection Partial

301-C202 Left frontal craniotomy Unknown 301-A202 Partial resection Partial

101-C203 Subtotal resection Partial 101-A203 Subtotal resection Partial

104-A204 Partial resection Partial

105-A206 Grand total resection Complete

301-A207 Complete lobectomy Complete

0.8 301-C301 Right frontal lobectomy Partial 104-A301 Subtotal resection Partial

104-C302 Gross total resection Complete 301-A302 Partial craniotomy Partial*

104-C303 Gross total resection Complete 101-A303 Subtotal resection Partial

1.0 105-C402 Laser ablation, micro 
dissection

Partial 101-A401 Subtotal resection Partial

101-C403 Subtotal resection Partial 106-A402 Partial resection Partial

104-C404 Gross total craniotomy Complete* 301-A403 Partial craniotomy Partial*

101-C405 Gross total resection Complete 301-A404 Left brain tumor biopsy Biopsy

105-C406 Gross total resection Complete 301-A405 Subtotal resection Partial

401-C407 Gross total resection Complete 101-A406 Subtotal resection Partial



• Newly diagnosed 
glioblastoma

• KPS > 70
• Eligible for 

standard treatment

1 2 3 4 5 6 7-1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
weeks

1 2 3 4 5 6 7-1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

weeks

Radiotherapy 5x per week (total dose of 60 Gy in 30 fractions)

Temozolomide 75 mg/m2 p.o. for 6 weeks (during radiotherapy), followed (after a 4 weeks’ interval) 
by up to 6 cycles of maintenance TMZ chemotherapy 150-200 mg/m2 p.o., days 1-5 out of 28 days

Marizomib 0.8 mg/m2 .v. at days 1, 8, 15, 29 and 36 during radiotherapy, followed (after a 4 weeks’ interval) 
by adjuvant treatment at days days 1, 8, and 15 of a 28 day cycle until disease progression, unacceptable 
toxicity or withdrawal of consent

Stratification factors:
• ≤55 vs. >55 years
• KPS 70/80 vs. 90/100
• Biopsy/partial vs. complete resection
• Institution

EORTC 1709

no placebo





• 42 patients with newly diagnosed glioblastoma with > 90% 
tumor resection

• Histologically verified “CMV infection” in the tumor

• Radiotherapy plus concomitant TMZ (no adjuvant TMZ?)

• Addition of valganciclovir or placebo in this trial

VIGAS study: design



• Approved for the treatment of CMV retinitis in HIV-positive 
patients or for prophylaxis in immunocompromised subjects

• Side effects: nausea, diarrhea, headache, 
myelosuppression, fetal toxicity…

• Metabolized to ganciclovir by a CMV-encoded thymidine 
kinase  concentrates in CMV-infected cells

• Inhibitor of dGTP: incorporated into viral DNA  inhibits viral 
DNA polymerases which results in chain termination

Valganciclovir



Primary endpoint: tumor size at 3 and 6 months after surgery:

 no difference between study arms

Progression-free survival Overall survival

Stragliotto et al., Int J Cancer 2013

VIGAS study: outcome



• In exploratory analyses, 22 patients receiving at least 6 months of

antiviral therapy, as compared with contemporary controls, had an 

increased OS at 2 years

• Owing to the promising results of this study, 28 patients at our 

hospital have received anti-CMV therapy for compassionate use in 

addition to their standard therapy

Valganciclovir for glioblastoma: surprise!



It is unlikely that any bias in patient selection
could have resulted in these high rates of survival

Valganciclovir-treated patients vs. contemporary controls



median OS 2-year OS

Stupp et al., NEJM 2005
(RT/TMZTMZ)

14.6 months 27%

Chinot et al., NEJM 2014 
(RT/TMZTMZ)

16.7 months 30%

Valganciclovir-treated patients vs. contemporary controls



• Heterogeneous cohorts with respect to standard treatment 
and timing of valganciclovir

• Valganciclovir was given only “when there was no 
evidence of progression” 

 Selection of patients with valganciclovir exposure of 6 
months after surgery or after 6 months of standard 
treatment

 Enrichment for favorable outcome

 Creation of a new long-term benefitting sub-group of 
patients 

• No documentation of factors associated with longer 
survival, e.g. extent of resection, IDH, MGMT etc.

Valganciclovir-treated patients vs. contemporary controls





Rindopepimut
Peptide vaccine targeting EGFRvIII



• RT/TMZ completed
• EGFRvIII mutation

Adjuvant TMZ/Placebo ►P maintenance

Adjuvant TMZ/Rindopepimut ► R maintenance

• Blinded study vaccine (rindopepimut/GM-CSF or KLH as control)
• Priming: 2 injections, 2 weeks after RT/TMZ
• During adjuvant TMZ: 1 injection on day 22 of every cycle
• Maintenance: 1 injection per month

ACT-IV: trial design
Newly diagnosed glioblastoma



Weller et al., Lancet Oncol 2017

ACT-IV outcome
Overall surival
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ACT-IV outcome
Humoral immune response



Glioma cells

Microglial cells
Antigen presentation

cytotoxicity

proliferation

CTLA-4

TGF-b

LLT-1

GDF-15

IL-10

Prg-E

Galectin-1
PD-L1

PD-1

PD-L1

T cells

NK cells

HLA-E/G

FasL

IDO/TDO

IDO/TDO

STAT3

Glioma immunobiology
Multiple immunosuppressive mechanims



Engagement of CTLA-4 or PD-1 inhibits T cell activity

=> Inhibition of these «checkpoint» molecules may
boost immune reponses against a tumor

Nivolumab
Pembrolizumab

Ipilimumab

Function of CTLA-4 and PD-1



• Immune checkpoint inhibitors may exert strong 
anti-tumor activity:

=> Melanoma: anti-CTLA-4 alone vs. anti-PD-1 alone 
vs.  combined treatment

=> Pembrolizumab and nivolumab have been 
approved for advanced melanoma and other 
tumor entities

• May these drugs also mount anti-tumor immune 
responses against neoplasms in the CNS?

Immune checkpoint inhibitors



Checkpoint inhibitors are active
against brain metastases



Treatment Phase Follow-up PhaseScreening/Randomization Phase

Treatment until:

• Confirmed progression

• Unacceptable toxicity

• Discontinuation due to 
other reason

Follow-up:

• Safety for ≥ 100 days

• Progression

• Survival every 3 months

Patients (N = 369)

• First recurrence of GBM

• Prior 1L treatment with at least 
RT and TMZ

Nivolumab 3 mg/kg Q2W
n = 184

Bevacizumab 10 mg/kg Q2W
n = 185

Randomized 1:1 

• Stratified by 
measurable disease 
at baseline (yes/no)

CheckMate 143
Randomized phase III trial



Events, 
n

Median OS 
[95% CI], months

12-Month OS Rate 
[95% CI], months

Nivolumab 154 9.8 [8.2, 11.8] 41.8 [34.7, 48.8]

Bevacizumab 147 10.0 [9.0, 11.8] 42.0 [34.6, 49.3]

Events, 
n

Median PFS 
[95% CI], months

12-Month PFS Rate 
[95% CI], months

Nivolumab 171 1.5 [1.5, 1.6] 10.5 [6.5, 15.5]

Bevacizumab 146 3.5 [2.9, 4.6] 17.4 [11.9, 23.7]

Progression-Free Survival

HR = 1.97 [95%CI: 1.57, 2.48]
P < 0.0001

Nivolumab
Bevacizumab
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Reardon et al., WFNOS meeting 2017

CheckMate 143
Progression-free and overall survival



No. Events/No. Patients
Unstratified HR [95% CI]

Nivolumab Bevacizumab

All patients 154/184 147/185 0.99 [0.79, 1.24]

KPS
> 80%
≤ 80%

91/113
63/71

82/103
64/81

0.94 [0.70, 1.27]
1.13 [0.80, 1.60]

Measurable target lesion
Yes
No

135/153
19/31

130/156
17/29

0.99 [0.78, 1.27]
1.01 [0.52, 1.94]

MGMT promoter status
Methylated
Unmethylated
Not reported/unknown

33/43
56/59
65/82

31/42
53/67
63/76

0.92 [0.56, 1.51]
1.34 [0.92, 1.96]
0.87 [0.62, 1.23]

Tumor PD-L1 expression
≥ 1%
< 1%

40/48
89/107

28/35
92/114

1.35 [0.83, 2.19]
0.97 [0.72, 1.30]

Dexamethasone equivalent at 
baseline
Yes
No

69/73
85/111

68/79
79/106

1.41 [1.01, 1.97]
0.84 [0.62, 1.15]

Favors Nivolumab Favors Bevacizumab

0 1 2 3

Reardon et al., WFNOS meeting 2017

CheckMate 143
OS in prespecified patient subsets



Nivolumab
n = 153a

Bevacizumab
n = 156a

ORR, n (%)
[95% CI]

12 (7.8)
[4.1, 13.3]

36 (23.1)
[16.7, 30.5]

BOR, n (%)
CR
PR
SD
PD
Unable to determine

Not treated
Discontinued early due to toxicity
Other

2 (1.3)
10 (6.5)

33 (21.6)
107 (69.9)

1 (0.7)
1 (0.7)

0
0

4 (2.6)
32 (20.5)
73 (46.8)
26 (16.7)
21 (13.5)
16 (10.3)

3 (1.9)
2 (1.3)

Median TTR (range), months 3.0 (1.4–12.0) 1.5 (1.2–6.5)

Median DOR (range), months 11.1 (0.6–18.7) 5.3 (3.1–24.9)

PFS rate [95% CI], %
6-months
12-months

15.7 [10.8, 21.5]
10.5 [6.5, 15.5]

29.6 [22.7, 36.9]
17.4 [11.9, 23.7]

Reardon et al., WFNOS meeting 2017

CheckMate 143
Analyses of responses



Start
nivolumab

11/2014 6/20153/20159/2014 10/2015 2/20168/2015

9/2016
unitl now

Pseudoprogression vs. (true) progression
61 yo man, recurrent glioblastoma

Challenges associated with the
use of immune checkpoint inhibitors



Molecular profile predicts response
from checkpoint inhibition



Conclusions

For a successful clincial trial, you need…:

• A timely question

• An appropriate endpoint

• Sufficient (financial) ressources

• Access to patients and/or a network of
collaborators

• Statistical advice



Management of skull base 
tumours

Dr Sarah Jefferies

24/10/2017



Pre-requisites

• Excellent Imaging
• Excellent Surgery 
• Anatomical knowledge
• Access to appropriate radiotherapy 

techniques when needed



Which tumours?

• Primary:
– Chordoma/chondrosarcoma

• Secondary infiltration or involvement:

24/10/2017

Intracranial:
Meningioma
Craniopharyngioma

Head and Neck Tumours:
Olfactory neuroblastoma
Adenoid cystic carcinoma
Nasopharyngeal carcinoma
Nasal cavity and paranasal sinus
Sarcoma



Needs anatomical knowledge  
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Which Foramen?

A. Foramen spinosum
B. Foramen lacerum
C. Jugular foramen
D. Foramen ovale
E. Foramen rotundum

24/10/2017

The red shape is overlying:



The high-heel 
footprint sign . . . . .

OVALE

SPINOSUM
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RADIOLOGICAL ANATOMY – SKULL BASE FORAMINA
SUPERIOR ORBITAL 
FISSURE
OPTIC CANAL

OLFACTORY BULB
/CRIBIFORM PLATE

FORAMEN SPINOSUM

HYPOGLOSSAL CANAL

PTERYGOPALATINE 
FOSSA

FORAMEN OVALE

JUGULAR FORAMEN

FORAMEN ROTUNDUMINTERNAL ACOUSTIC 
MEATUS
FORAMEN LACERUM

CAROTID CANAL
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AN EXAMPLE CASE
DEMONSTRATING (MOST OF!)
THE RELEVANT ANATOMY

• 55 year old lady.

• Presented with a history of 
gradually worsening left ptosis. 
No other symptoms

• O/E:

 left III palsy (ptosis, 
dilated pupil)

 left IV palsy

• Otherwise fit and well.
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T1 + 
Gad

Planning 
CTT1 + 

Gad
RT Planning 
CT

LONG DURAL TAIL ALONG THE PETROUS 
TEMPORAL BONE CLEARLY VISIBLE ON MRI

FORAMEN 
ROTUNDUM

T1 + Gad RT Planning 
CT

PTERYGOPALATINE 
FOSSA

Example case  - meningioma
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T1 + 
Gad

Planning 
CT

VISIBALE DURAL TAIL INTO 
BOTH INTERNAL 
ACOUSTIC CANALS

DURAL TAIL EXTENIDNG 
ANTERIORLY AND INFERIORLY 

TOWARDS FORAMEN OVALE

Example case  - meningioma
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T1 + 
Gad

Planning 
CT

JUGULAR FORAMEN 
(PARS NERVOSA)

DURAL TAIL EXTENDING 
INFERIORLY DOWN THE 
CLIVUS

CAROTID 
CANAL

FORAMEN
OVALE

FORAMEN
LACERUM

Example case  - meningioma
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Imaging 



Imaging

• Imaging is also an essential prerequisite
– To show target better
– For co-registered use in planning



Skull base meningioma

• Note 3 areas of 
disease
– 2 areas probably 

contiguous
– 3rd at cranio-

cervical junction

• Partial resection 
of suprasellar
mass, & biopsy of 
ethmoid mass



Skull base meningioma
Pre-op Pre-RT

• Definite involvement of L orbit

• Uncertain lesion at R optic foramen



Skull base meningioma

• Methionine PET clarified area at R optic foramen



Skull base meningioma

• IMRT plan for all areas

• 50 Gy / 30#



Imaging for RT planning

• Planning MR for pituitary adenoma
• Tumour extends posterior to dorsum sellae

(blue arrow)



Imaging for RT planning

• Artefact on planning sequence !

Sagittal T1 + Gd Axial T1 + Gd planning sequence



Imaging 

• The best possible imaging is needed for us to 
make the best of IMRT or PBT

• There is still much further to go for diagnostics

• We can still do better with planning imaging



Surgery



Surgery

• Excellent surgery is essential
• Includes

– Cyto-reduction
– Decompression 
– Provision of ‘space’
– Stabilisation

• Needs access endoscopic techniques



Surgery

Pre-op                                          Post-op

Brain stem
indentation

Residual
tumour

Stacchiotti et al.  Global consensus approach to chordoma.  Lancet Oncol 2015



Image guidance



Chordoma T12

• 70 Gy median PTV dose.  Well at 54 months

PTV - PRV

Cord
PRV

Dose - Gy

21



Image guidance for chordoma

• All fractions  
had significant 
lateral 
displacement

• Note all
positive – and 
large

Lateral displacement during treatment course
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Image guidance for chordoma

• Imperfect positioning corrected by daily imaging
• 3D positional error 11.1mm



Radiotherapy

• What we do makes a 
difference

• Dose response curves are 
steep
– Gamma-50 (g50)

• Tumour 1 - 2
• Normal tissue 1 – 5
• Spinal cord ~ 4.2

• Tumour
– Dose difference of 5%
– TCP difference 5% – 10%



Radiotherapy

• Dose matters!

• Dose is an effective biomarker of response
– Applies to both tumours and normal tissues
– Current knowledge not very detailed in some tissues
– This includes CNS tissues and endpoints

• Better conformation delivers better outcome
– Applies to tumours
– Applies to normal tissues



IMRT vs CRT

• With IMRT, PTV coverage better, esp. for complex 
shapes

• Lower dose to OARs

2003



IMRT vs CRT

• Dose                                           
54 Gy/30#

• 95% =                                                          
51.3 Gy

• Reduced dose to 
brainstem

95% 95%

SCRT                                          IMRT      



Proton beam therapy - PBT



Proton Bragg peak



Proton Bragg peak



Proton Bragg peak

SOBP



Proton delivery 

Active scanning – (a)SFUD, (b)DET IMPT & (c) 3D IMPT



What are the issues? Range uncertainty

Daily

Changes

Infinite X-ray 
fall off

Finite proton range = 
greater conformity

BUT…    
more sensitive to uncertainties





Skull base meningioma

• Common
• 90% are WHO grade I
• In the skull base – complete resection rarely 

possible
• Adjuvant treatment should be considered 
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Skull base meningioma

24/10/2017
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1985-2010
632 meningioma cases
507 – skull base

FSRT 74%
IMRT 26%
Median Dose 57.8Gy (25-68)



Progression-Free Survival

24/10/2017

95% PFS @ five  years
88% PFS @ ten years



Quality of Life

24/10/2017

340/507 
patients
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Skull base meningioma - results



How to treat?

• Asymptomatic – need to assess if growing

• Symptomatic – is surgery relevant or indicated
– Can observe post surgery

• Radiotherapy dose – 50-55Gy/33#

• SRS – only for very specific cases

24/10/2017
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Complications
• Hypopituitism
• Cranial Nerve Palsies
• Cerebrovascular events
• Neurocognitive decline
• Second Malignancy





Chordoma and Chondrosarcoma

CHORDOMA
• Presumed to arise from remnants of

primitive notochord

• An embryonic precursor replaced by 
mesodermal elements to form 
vertebrae and skull base

• 0.84 per 1 000 000 (M>F)

• Median age 58 (3 - 95)

• Typically Midline

CHONDROSARCOMA
• Arise from embryonal rests of 

cartilaginous matrix that escape 
reabsorption during endochondral
ossification

• 5 per 1 000 000 (M>F) 

• Median age 51 (1 – 102)

• Appendicular > axial > soft tissue

• Typically Off Midline
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Natural History

• CHORDOMA
– 5 yr and 10 yr DFS 70% and 

45%
– Recurrences may be noted 

many years after treatment
– Distant metastasis rare (6% 

- 22%)
– Metastasis higher in the 

presence of recurrent 
disease

– At recurrence, 3-yr and 5-
yr OS ~ 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

24/10/2017



Treatment - surgery

• Goal is to remove as much of the tumour 
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

24/10/2017



Treatment - surgery

24/10/2017

Tai et al, Cancer, 1995:
159 patients with cranial 
chordomas:

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



Treatment - radiotherapy
Chordoma: 
• 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 versus Relapse
<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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Chordoma



Chordoma - 1



Chordoma - 1



Chordoma - 1



• Many normal 
tissue structures 
to be considered

• Spinal cord 
especially 
important !

• Not suitable for 
PBT because of 
metalwork

Chordoma - 1



Chordoma - 1

Dose - Gy

21
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Chordoma dose response

Courtesy of Prof Eugen Hug



Chordoma dose response

65%

TD50 ~ 65Gy

g50 ~ 1.2

70 Gy
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5 year cause-specific survival for radically treated patients with 
chordomas was 92% and the 5 year local control rate was 83% (n=13)

5-year overall survival and local control rates 
were 85.6% and 87.8% (n=24)



Chordoma - 2 

• Chordoma of clivus with bone destruction



Chordoma - 2 

• Chordoma of clivus with bone destruction
• Complete resection.  Referred for PBT



Chordoma - 2 
• PBT – 2 phases (Jacksonville, passive scattering)
• 73.8 Gy / 41# @ 1.8 Gy (45/25 + 28.8/16)

73.8 Gy isodose

Cord ~52 Gy
Cord PRV ~59 Gy

* 81 Gy

* *



Chordoma dose response

78%

TD50 ~ 65Gy

g50 ~ 1.2

73.8 Gy
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Chordoma N= 151
Mean follow-up of 50 months (4–176) months
Estimated 7-year LC rate for chordoma 70.9% (95% 61.5–81.8)
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Toxicity:
5 patients with grade 3 unilateral optic 
neuropathy
2 patients with grade 4 bilateral optic 
neuropathy
13 patients with Grade 3 temporal lobe 
necrosis 
1 with cerebellar necrosis
1 grade 4 spinal cord necrosis 
3 patients with grade 3 unilateral hearing loss. 
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Chordoma - Carbon ion therapy
• Chordoma C3-5 - 66 GyE in 21#  (≈ 82.5 Gy for a/b of 2)

Stacchiotti et al.  Global consensus approach to chordoma.  Lancet Oncol 2015



Chordoma dose response

92%

TD50 ~ 65Gy

g50 ~ 1.2

82.5 Gy
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Highly effective treatment of skull base 
chordoma with carbon ion irradiation 
using a raster scan technique in 155 
patients: first long-term results.

Cancer. 2014120(21):3410-7.

N=155
Local control:
3-year  82%, 
5-year  72%, 
10-year 54%





What can affect outcome

• Other factors affect outcome

– Tumour volume
– Brainstem compression

– Metal 



Outcome & Tumour volume

• PSI (mean 73.5 Gy) (Ares et al IJROBP 2009, 
– Local control at 5 years - 81%
– GTV > 25 cm3 worse – LC 78% vs 96%

• Cambridge (X-rays – 65 Gy)
– GTV ≤ 18 cm3 – LC in 6/6
– GTV ≥ 60 cm3 – LC in 0/3
– Little relation with PTV



Tumour volume
• Cambridge experience

Tumour/Target volume versus disease free status      
(chordoma 9 cases)

Post op GTV discriminates control, PTV does not
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Tumour volume

• Implications for surgery
– Major debulking important
– Small remnant may be acceptable

• Balance morbidity

• PSI (mean 73.5 Gy) 
• Brainstem/ON compression worse outcome

• Relates to under-dose at ‘dangerous’ edge



Decompress

• T11

• Relief of compression 
essential
– Clinical
– Dose to target



Reconstruction 



RT after metal reconstruction



RT after metal reconstruction

• Metal reduces local control with proton RT
– Particularly important if metal within GTV

• Issue emerged during 2009

• Result of PSI review of outcomes



RT after metal reconstruction

• Local control at 5 years (PSI – 26 cases, spine)
– With metal LC = 46%
– No metal LC = 100%

• Metal reconstruction present in ~ 1/3 spine 
cases
– Boston - Delaney et al IJROBP 2009
– Numerically significant issue

• ? Bigger tumours need reconstruction



Chordomas and chondrosarcomas of the spinal axis

Rutz et al 2009

Months

0

.2

.4

.6

.8

1

0 10 20 30 40 50 60

Without implant
(n = 13)

Implants (n =13)

3-yr, 5-yr 100%

3-yr 69%
5-yr 46%

Clinical experience at PSI



Final Thought

If you always do what you always did,

You’ll always get what you always got

Anon



Management of benign tumours

Dr Sarah Jefferies
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Perspective
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Risks

24/10/2017



Background

• Long natural history

• Often not life-threatening

• Radiotherapy can have a role
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Which tumours?

• Pituitary tumours
• Vestibular schwannoma
• Craniopharyngioma
• Glomus tumours
• Meningioma
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Requirements

• Understand 

– Natural history

– Imaging

– Other treatment modalities
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Dose-fractionation-radiotherapy

• Fractionated 45-55Gy in 25-33#

• Hypo-fractionated 20-30Gy in 3-10#

• Single fraction (radiosurgery) 10-25Gy in 1#
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Pituitary Adenoma

• Radiotherapy is used in patients:
– with residual or recurrent secreting and 

nonfunctioning pituitary adenomas after surgery
– resulting in a long-term tumour control of 80–

97% 
– normalization of elevated hormone levels in 40–

70% of patients

24/10/2017



Non-functioning Pituitary Adenoma
No randomised data:  2 centre study –
progression post surgery 
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GH control - acromegaly
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GH and IDH control after GK
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Risks of treatment

• Hypopituitism 30–
60% in 5–10 years 

• radiation-induced 
optic neuropathy

• cerebrovascular 
accidents

• second tumors 0–3%
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Which modality of RT to choose?

• SRS retrospective data
• incidence of radiation-induced optic neuropathy:

– 2% for single doses of 8–12 Gy 
– >10% for doses of 12–15 Gy to the optic apparatus

• cranial nerves in the cavernous sinus:
– maximum dose is 16–18 Gy

• brainstem
– maximum dose of 12–13 Gy
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Int J Radiat Oncol Biol Phys 2013;87:524–7. 
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What to do?

On the evidence available:
• no data to support the superiority of SRS over FSRT for 

patients with pituitary tumours
• Dose and fractionation should be chosen:

– size 
– position of the pituitary adenoma

• single-fraction SRS at doses of 16–25 Gy small pituitary 
adenoma away from the optic chiasm

• FSRT is preferred over SRS for lesions >2.5–3 cm in size 
and/or involving the anterior optic pathway. 
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Vestibular Schwannoma (VS)

• 6%– 8% of all intracranial tumours 
• 80% of cerebellopontine angle tumours
• VSs may remain within the internal auditory 

canal (IAC) or extend into the CPA
• Symptoms are related to compression of:

– adjacent cranial nerves 
– brain stem
– posterior fossa (PF) structures
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Differential Diagnosis

• facial nerve schwannoma
• meningioma
• metastasis
• epidermoid cyst
• arachnoid cyst
• aneurysm 
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Treatment Options

• Depending on many factors including:
– patient age
– tumour size 
– tumour growth
– and symptoms 

• patients can choose:
– surgery
– radiation
– conservative management. 
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Natural History
• >50% of all VS grow at an average of 2–4 

mm/year
• 10% regress
• Extrameatal tumours are more likely to grow 

compared with intrameatal tumors
• VS of 2 cm is more likely to grow compared with a 

smaller VS 
• Growth rates of 2 mm/year are associated with 

decreased rates of hearing preservation
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VS - surveillance
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Natural history of vestibular schwannoma. Otol Neurotol 2006;27:547–52 



VS - surveillance
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Acoustic neuroma growth: systematic review of the 
evidence. Otol Neurotol 2010; 31:478 – 85 



Hearing Loss – on surveillance
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Danish Cohort Study <2cm VS



Radiotherapy

• SRS – single
– 11–12 Gy 
– 90% tumor control rates 
– 1% risk for permanent facial nerve palsies 

• stereotactic fractionated radiation therapy 
50/30# - for tumours too large for SRS and 
surgery not possible
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Stereotactic RT
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Hearing

• Hearing preservation rates of 60%–70% initially 
reported

• Follow-up studies serviceable hearing was 
preserved in:
– only 23%–24% patients at 10 years

• Risk Factors:
– Older age,
– Larger tumors
– Poorer pretreatment hearing was found to be a risk 

factor for progressive post treatment hearing loss
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Cystic VS
• 10% of VS are cystic 
• Associated with higher degrees of hearing loss 
• VS cysts are thought to arise from:

– recurrent microbleeding or 
– osmosis-induced expansion of CSF trapped in 

arachnoid tissue
• Cystic VS may rapidly expand 
• Surgery is favoured over SRS in the management 

of cystic VS
• In one study 6.4% of cystic VS treated with SRS 

required surgery 
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Neurosurg Rev 2005;28:209 –13



Follow-up

• Post SRS/FSRT the VS may increase in size due 
to intralesional oedema

• Some tumors will enlarge following SRS 
• Most VS treated with SRS will subsequently:

– decrease or 
– remain stable in size
– takes time*

24/10/2017

Dose and diameter relationships for facial, trigeminal, 
and acoustic neuropathies following acoustic neuroma 
radiosurgery. Radiother Oncol 1996;41: 215–19 



Long-term Toxicity

• Hydrocephalus

• Cranial nerve palsies

• Second malignancy
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Is there a place for hypofractionation?
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N = 30
Over 3cm
8/30 cystic
6 NF

SRS 3 # in 3 days
median 18 Gy (18-25) 
prescribed to median 80% (71-90)
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Craniopharyngioma

24/10/2017

N = 55 
Median age 37 years (range 6–70) (8< 18 years)
RT was indicated:

progressive disease after neurosurgical resection 
postoperatively after repeated resection or partial resection

Median dose of 52.2 Gy (50 – 57.6 Gy) 
Median Follow-up 128 months (2-276)valuation. 
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1 patient –
anosmia
1 patient 
worsening vision



Craniopharyngioma

• Excellent outcomes from FSRT
• Management requires:

– Dedicated high quality surgery
– Support from ophthalmology/endocrinology
– High quality imaging for planning
– *alert for cystic enlargement if remnant present
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Paraganglioma
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Paraganglioma

• Rare

• Need to exclude 
multiple tumours 
(SDHD mutations in 
10%)

• Can secrete hormones

• Rarely metastasize
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Paraganglioma

• Use optimal imaging

• Plan with radiologist

• Check for multiple 
tumours
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GLOMUS TUMORS

TYPE CHARACTERISTICS

A Limited to middle ear cleft

B Limited to tympanomastoid complex
No infralabyrinthine involvement

C Involves labyrinthine compartment
Extends to petrous apex

D Intracranial involvement

Classification
Fisch

TYPE CHARACTERISTICS

D1 Intracranial extension less than 2cm

D2 Intracranial extension greater than 2cm
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GLOMUS TUMORS

TYPE CHARACTERISTICS

A Limited to middle ear cleft

B Limited to tympanomastoid complex
No infralabyrinthine involvement

C Involves labyrinthine compartment
Extends to petrous apex

D Intracranial involvement

Classification
Fisch

TYPE CHARACTERISTICS

D1 Intracranial extension less than 2cm

D2 Intracranial extension greater than 2cm

(Fisch 1988)
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GLOMUS TUMORS

TYPE CHARACTERISTICS

A Limited to middle ear cleft

B Limited to tympanomastoid complex
No infralabyrinthine involvement

C Involves labyrinthine compartment
Extends to petrous apex

D Intracranial involvement

Classification
Fisch

TYPE CHARACTERISTICS

D1 Intracranial extension less than 2cm

D2 Intracranial extension greater than 2cm

(Fisch 1988)
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Paraganglioma

• IMRT +/- IGRT

• Treatment of choice if co-morbidities

• Also for the neurologically intact patients

• No difference in control if SDHD mutations
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Paraganglioma
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Paraganglioma

• 21 patients 1998-2008
• Median Follow-up  55 months (6 -

132) 
• Mean age - 48.7 years ( 20-78)
• 2 SDHD mutations 
• Median dose 50 Gy in 30 fractions
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Benign tumours need a balanced approach
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Management of brain metastases

Michael Brada
ESTRO BT course
Vienna 24 October 2017



Oncological management options

systemic 
therapy

surgery

radiation

supportive care



Oncological management options

systemic 
therapy

surgery

radiation



Oncological management options

radiation

supportive care

surgery systemic 
therapy



Oncological management options

systemic 
therapy

surgery

radiation

supportive care



Radiotherapy in the treatment of brain metastases

• Radiotherapy technologies

• Context and endpoints

• Clinical issues - evidence base



• Radiotherapy technologies

• Context and endpoints

• Clinical issues - evidence base

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
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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



Radiotherapy options

partial brain radiotherapy



Radiotherapy options

partial brain radiotherapy



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 radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

Radiotherapy options

whole brain radiotherapy (WBRT)
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partial brain radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

Radiotherapy options

whole brain radiotherapy (WBRT)

Extent of irradiation

single lesion
multiple lesions



partial brain radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

Radiotherapy options

whole brain radiotherapy (WBRT)

Extent of irradiationlinac - conventional/adapted

small linac on robotic arm (Cyberknife)

helical rotating linac (Tomotherapy)

multiheaded Cobalt unit (Gamma Knife)

Delivery equipment

single lesion
multiple lesions



Radiosurgery for solitary brain metastases

survival – by treatment unit
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p=0.942

Andrews et al 2004, Lancet 363: 1665–72



partial brain radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

Radiotherapy options

whole brain radiotherapy (WBRT)

Extent of irradiation

single lesion
multiple lesions

multiple conformal fixed fields
single or multiple/dynamic arcs +/- IMRT
single or multiple isocentres
multiple sources & isocentres (GK)

multiple small beams & isocentres (CK)

Delivery techniques



partial brain radiotherapy (PBRT)

focal radiotherapy (SRT) & radiosurgery (SRS)

Radiotherapy options

whole brain radiotherapy (WBRT)

Extent of irradiation

single lesion
multiple lesions

multiple conformal fixed fields
single or multiple/dynamic arcs +/- IMRT
single or multiple isocentres
multiple sources & isocentres (GK)

multiple small beams & isocentres (CK)

Delivery techniques

single or multiple isocentres

multiple lesions



Delivery techniques for multiple lesions

whole brain RT focal RT



Comparison of delivery techniques for multiple lesions

single isocentre dynamic conformal arc (SIDCA)

multiple isocentre dynamic conformal arc (MIDCA)

VMAT

Huang et al 2014, Radiother Oncol 112, 128–132 

whole brain radiotherapy

Techniques of RT for multiple lesions - focal vs whole brain 



Comparison of delivery techniques for multiple lesions

single isocentre dynamic conformal arc (SIDCA)

multiple isocentre dynamic conformal arc (MIDCA)

VMAT

Huang et al 2014, Radiother Oncol 112, 128–132 

Techniques of RT for multiple lesions 
comparison of focal techniques



Comparison of delivery techniques for multiple lesions

Huang et al 2014, Radiother Oncol 112, 128–132 

Techniques of RT for multiple lesions 
comparison of focal techniques

ra
tio



• Radiotherapy technologies

• Context and endpoints

• Clinical issues - evidence base

Radiotherapy in the treatment of brain metastases
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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)6.93.8

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)
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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)15.17.7 3.0 14.8 (months)9.45.5
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prognosis

primary tumour type

timing in the course of disease

Oncological management options

Context

survival

quality of life 

Endpoints
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RTOG 9508

Andrews et al  2004, Lancet; 363: 1665–72



• Radiotherapy technologies

• Context and endpoints

• Clinical issues - evidence base

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

partial brain radiotherapy

focal radiotherapy & radiosurgery

whole brain radiotherapy



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



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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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 2016 JAMA, 316, 401-409 

1∘ endpoint: cognitive progression after treatment
2∘ endpoint survivalCognitive progression

cognitive function tests - drop in 1SD in one test



NCCTG N0574 (Alliance) trial

Whole brain radiotherapy following radiosurgery

Intracranial progression

Brown et al 2016 JAMA, 316, 401-409 



NCCTG N0574 (Alliance) trial

Whole brain radiotherapy following radiosurgery

Survival

Brown et al 2016 JAMA, 316, 401-409 
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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 good any

oligomets

multiple

oligomets
2-3 (-5)

multiple
> 3 (>5)

single surgery

radiosurgery

Matrix - radiotherapy options

additional radiosurgery ?

Radiotherapy in the management of brain metastases



194 patients

WBRT vs radiosurgery following resection of solitary metastasis

NCCTG N107C/CEC·3 

randomise

single brain metastasis
surgical resection

radiosurgery whole brain radiotherapy

Brown et al 2017 Lancet Oncol 2017; 18: 1049–60 

37.5Gy in 15F



WBRT vs radiosurgery following resection of solitary metastasis

NCCTG N107C/CEC·3 

Brown et al 2017 Lancet Oncol 2017; 18: 1049–60 

Survival



WBRT vs radiosurgery following resection of solitary metastasis

NCCTG N107C/CEC·3 

Brown et al 2017 Lancet Oncol 2017; 18: 1049–60 

Cognitive function

SRS WBRT



No. met’s prognosis 10 tumour timing

single good any
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multiple

single oligomets
2-3 (-5)

multiple
> 3 (>5)surgery

radiosurgery

Matrix - radiotherapy options

additional radiosurgery 

Radiotherapy in the management 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

endpoints: palliative efficacy (QOL, Barthel),
survival free of neurological progression,
survival

Effect of whole brain radiotherapy on survival & QOL 

Mulvenna et al 2016 Lancet Oncology; 388, 2004-2014

brain metastases in NSCLC
& poor prognosis

QUARTZ trial 
CR UK & TROG



supportive care
alone

palliative radiotherapy
& supportive care

randomise

brain metastases in NSCLC
& poor prognosis

endpoints: palliative efficacy (QOL, Barthel),
survival free of neurological progression,
survival

Effect of whole brain radiotherapy on survival & QOL 

538

269 269

QUARTZ trial 
CR UK & TROG

Mulvenna et al 2016 Lancet Oncology; 388, 2004-2014



Effect of whole brain radiotherapy on survival & QOL 

survival

8.1 9.3 weeks

QUARTZ trial 
CR UK & TROG

OSC optimum supportive care
WBRT whole brain radiotherapyMulvenna et al 2016 Lancet Oncology; 388, 2004-2014



Effect of whole brain radiotherapy on survival & QOL 

quality adjusted life years (QALY)

QUARTZ trial 
CR UK & TROG

OSC optimum supportive care
WBRT whole brain radiotherapyMulvenna et al 2016 Lancet Oncology; 388, 2004-2014



Effect of whole brain radiotherapy on survival & QOL 

QUARTZ trial 
CR UK & TROG

OSC optimum supportive care
WBRT whole brain radiotherapyMulvenna et al 2016 Lancet Oncology; 388, 2004-2014
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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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p=0.978
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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



Oncological management options

surgery

radiation

supportive care

systemic 
therapy



No. met’s prognosis 10 tumour timing

single

responsive to systemic treatmentoligomets

multiple

single oligomets
2-3 (-5)

multiple
> 3 (>5)

Matrix - radiotherapy options

Evidence base for radiotherapy in the treatment of brain metastases



12.8.2011

response to Anastrazole & Goserelin

1.6.2011

ER+ metastatic breast cancer



28.10.201021.5.2010

response to Erlotinib

lung adenocarcinoma with EGFR mutation



Matrix - radiotherapy options
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Matrix - radiotherapy options
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Matrix - radiotherapy options

No. met’s prognosis 10 tumour timing

single

responsive to systemic treatmentoligomets

multiple

single oligomets
2-3 (-5)

multiple
> 3 (>5)

Systemic therapy endpoints

survival

quality of life 

“activity”

“benefit” improvement in QOL 

improvement in function

long term CNS control



Costa et al 2015, J Clin Oncol; 33 (17): 1881-1888

PROFILE trials

Phase II

730 patients

ALK+ advanced NSCLC

Crizotinib

Brain metastases in patients with ALK-positive NSCLC

randomise

Crizotinib

158 patients

chemotherapy

PROFILE 1005 PROFILE 1007



Costa et al 2015, J Clin Oncol; 33 (17): 1881-1888

PROFILE trials

Phase II

730 patients

ALK+ advanced NSCLC
& brain metastases

Crizotinib

Brain metastases in patients with ALK-positive NSCLC

randomise

Crizotinib

158 patients

chemotherapy

PROFILE 1005 PROFILE 1007

888 patients

275 patients 613 patients

brain metastases no brain metastases



Costa et al 2015, J Clin Oncol; 33 (17): 1881-1888

Brain metastases in patients with ALK-positive NSCLC

PROFILE trials

(provided by Pfizer, courtesy of J-Y Han, National Cancer Center, Goyang, South Korea) 

Before initiation of crizotinib 6 weeks after crizotinib



Costa et al 2015, J Clin Oncol; 33 (17): 1881-1888

Brain metastases in patients with ALK-positive NSCLC

asymptomatic previously untreated brain metastases (166)

PROFILE trials

progression free survival (systemic vs. intracranial)



Costa et al 2015, J Clin Oncol; 33 (17): 1881-1888

ALK+ advanced NSCLC
& brain metastases

Brain metastases in patients with ALK-positive NSCLC

275 patients 613 patients

PROFILE trials 1005 & 1007

brain mets
previously untreated

no brain mets

no. pts 166 613

PFS median 5.9m (4.2-6.9) 8.8m (7.9-9.9)

6 m OS 77% (67-85) 85% (81-87)



172 patients 171 patients

343 patients

randomise

crizotinib cisplat/carbo
pemetrexed

PROFILE trial 1014
ALK+ advanced NSCLC

Brain metastases in patients with ALK-positive NSCLC

Solomon et al 2016, J Clin Oncol; 34 (24), 2858-65



172 patients 171 patients

343 patients

randomise

crizotinib cisplat/carbo
pemetrexed

PROFILE trial 1014
ALK+ advanced NSCLC

BM present BM absent BM present BM absent

39 132 40 131

Brain metastases in patients with ALK-positive NSCLC

BM - brain metastasesbrain metastases
previously treated

Solomon et al 2016, J Clin Oncol; 34 (24), 2858-65



PROFILE trial 1014 (crizotinib vs chemotherapy)

intracranial progression free survival of pts with treated BM

Brain metastases in patients with ALK-positive NSCLC

BM - brain metastasesSolomon et al 2016, J Clin Oncol; 34 (24), 2858-65

Crizotinib

Chemotherapy



PROFILE trial 1014 (crizotinib vs chemotherapy)

Crizotinib

Chemotherapy

intracranial progression free survival of pts without BM

Brain metastases in patients with ALK-positive NSCLC

BM - brain metastasesSolomon et al 2016, J Clin Oncol; 34 (24), 2858-65



152 patients 151 patients

randomise

alectinib crizotinib

ALK+ advanced NSCLC

Brain metastases in patients with ALK-positive NSCLC

Peters et al 2017, N Engl J Med; 377: 829-38

Alectinib vs Crizotinib trial



Brain metastases in patients with ALK-positive NSCLC

Peters et al 2017, N Engl J Med; 377: 829-38

progression free survival 

Alectinib vs Crizotinib trial



Alectinib vs Crizotinib trial

Brain metastases in patients with ALK-positive NSCLC

Peters et al 2017, N Engl J Med; 377: 829-38

survival 



Alectinib vs Crizotinib trial

Brain metastases in patients with ALK-positive NSCLC

Peters et al 2017, N Engl J Med; 377: 829-38

cumulative incidence of CNS progression



Goldberg et al 2016, Lancet Oncol; 17: 976–83

Pembrolizumab in melanoma
Phase II study
patients with untreated brain metastases from melanoma (18) & NSCLC (34)

Immune checkpoint inhibitors in patients with brain metastases



No. met’s prognosis 10 tumour timing

single

responsive to systemic treatmentoligomets

multiple

single oligomets
2-3 (-5)

multiple
> 3 (>5)

Matrix - radiotherapy options

additional whole brain radiotherapy?

Radiotherapy in the management of brain metastases



brain metastases

surveillancewhole brain radiotherapy

Tumours responsive to systemic treatment

randomise

Role of radiotherapy in responsive tumours

systemic therapy
CR/good PR



brain metastases

surveillancewhole 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 ?

Radiotherapy in the management 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 & chemochemo

Synchronous oligometastases in NSCLS



No. met’s prognosis 10 tumour timing

single

treated with radiotherapyoligomets

multiple

single oligomets
2-3 (-5)

multiple
> 3 (>5)

Matrix - radiotherapy options

additional concomitant systemic therapy ?

Radiotherapy in the management 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%

• Meningioma 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



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: (very) active, moderate tolerability, 
teratogenicity!

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



Anti-edematous therapy

• 70-100% of all brain tumor patients receive 
steroids during the course of the disease

• Commonly rapid effect on tumor-surrounding 
edema

=> reduction of mass effect

=> considerable clinical improvement is possible

=> maintenance of an acceptable quality-of-life

• Steroid activity may decrease over time
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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:



Brain tumors: vasogenic edema

Gerstner et al. Nat Rev Clin Oncol 2009

Tumor-mediated
mechanisms:

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



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



Steroids: side effects



• 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



Bevacizumab

Recurrent glioblastoma 4 x Bev



• H15 (Boswellia serrata): limited activity

• 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



ESTRO School
Multidisciplinary management of 

brain tumours

Cases

1ESTRO School, Vienna, October 22nd, 2017

Karin Dieckmann, Radiation Oncologist

Johannes Gojo, Pediatric Oncologist



Case 1

2

• female

• 2 years 2 months

• Seizure

ESTRO School, Vienna, October 22nd, 2017



ETANTR/ETMR

3

• ETMR = Embryonal tumors with multilayered rosettes

• Characteristic focal amplification of C19mC (chromosome 19)

ESTRO School, Vienna, October 22nd, 2017



4

• Biopsy 

• 2 blocks CTX :PEI

• gross total resection

Mozes P., Hauser P., Hortobagyl T. et al., Evaluation of the good tumor response of embryonal tumor with
abundant neuropil and true rosettes (ETANTR). J Neurooncol (2016) 126:99-105 

ETANTR/ETMR

ESTRO School, Vienna, October 22nd, 2017
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Proton therapy

• Focal irradiation (54 Gy) 

• concomitant temozolomide (75mg/m2)

• 12 cycles temozolomide (150-200mg/m2)

• + 4 weekly i.th. mit VP-16

Mozes P., Hauser P., Hortobagyl T. et al., Evaluation of the good tumor response of embryonal tumor with
abundant neuropil and true rosettes (ETANTR). J Neurooncol (2016) 126:99-105 

ETANTR/ETMR

ESTRO School, Vienna, October 22nd, 2017

http://i.th/
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• Biopsy -> 2 blocks CTX -> gross total resection

Proton therapy

• Focal irradiation (54 Gy) 

• concomitant temozolomide (75mg/m2)

• 12 cycles temozolomide (150-200mg/m2)

• + 4 weekly i.th. mit VP-16

Still in remission after 18 months

visits kindergarten and shows adequate neurological development

Mozes P., Hauser P., Hortobagyl T. et al., Evaluation of the good tumor response of embryonal tumor with
abundant neuropil and true rosettes (ETANTR). J Neurooncol (2016) 126:99-105 

ETANTR/ETMR

ESTRO School, Vienna, October 22nd, 2017

http://i.th/


Medulloblastoma
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• Male

• 16 years

• Nausea and vomiting

ESTRO School, Vienna, October 22nd, 2017



Medulloblastoma

8

Staging und Biology

• Metastases – M1-3

• Molecular Subgroup G4

• No MYC amplification

HIGH RISK

OP -> induction CTX -> RTX -> maintenance CTX

ESTRO School, Vienna, October 22nd, 2017



Medulloblastoma

9

• Resection of PF tumor

• Start with Chemotherapy

• intrathekal Chemotherapy

• Radiotherapy - CSI

• Proton therapy

• Less toxicity to vertebral bone marrow if in adolescents that have reached the

final height the vertebral bodies can be spared from irradiation resulting in 

better tolerance of the chemotherapy (subsequent chemotherapy !)

• Less longterm toxicity on cervical/thoracic/abdominal organs

ESTRO School, Vienna, October 22nd, 2017



Organisationseinheit

Titel der Präsentation ODER des Vortragenden
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• Highly Conformal Craniospinal Radiotherapy Techniques Can 

Underdose the Cranial Clinical Target Volume if 

Leptomeningeal Extension through Skull Base Exit Foramina 

is not Contoured.

• Noble DJ, Ajithkumar T, Lambert J, Gleeson I, Williams MV, Jefferies SJ

• Clin Oncol (R Coll Radiol). 2017;29(7):439-447



Organisationseinheit

Titel der Präsentation ODER des Vortragenden
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A = Field base, B = Proton, C= Tomotherapy, D = Proton



Ependymoma
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• female

• 3 years 2 months

• long history of ataxia

• PF-EPN-A

• Staging: M0

ESTRO School, Vienna, October 22nd, 2017



Ependymoma
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Resection – postoperative residual tumor

WHAT NEXT?

ESTRO School, Vienna, October 22nd, 2017



Ependymoma

14

2nd look surgery -> gross total resection

ESTRO School, Vienna, October 22nd, 2017



Ependymoma

Organisationseinheit 15ESTRO School, Vienna, October 22nd, 2017

Ramaswamy et al., JCO 2016

No clear benefit of Chemotherapy



Ependymoma

Organisationseinheit 16

Photon therapy:

• local radiotherapy GHD 52,2 Gy in 1,8 Gy ED

• Subsequent chemotherapy 3cycles

• Patient still in remssion 4 years after diagnosis

BUT

Hypothyroidism, growth hormone deficiency

Young patients with good outcome frequently experience longterm side effects

• Endocrinopathies, neuropsychological deficits, secondary tumors

ESTRO School, Vienna, October 22nd, 2017



Elderly patients with glioblastoma
ESTRO Brain Tumour Course

Vienna 2017

Anthony Chalmers
Chair of Clinical Oncology

University of Glasgow



Age specific incidence of glioblastoma 2007-2011





European age-standardised incidence rates of malignant brain tumours



Surgery is an 
effective 

treatment in 
elderly patients





Pre-radiation 18 months 
post-radiation



Conformal RT IMRT



50.4 Gy in 28♯

Age ≥70



40 Gy in 15♯
equivalent to 
60 Gy in 30♯

Age ≥60



60 Gy in 30-
33♯

v.
TMZ 

100mg/m2

7/7 days

Age ≥65



34 Gy in 10♯
v.

60 Gy in 30♯
v.

TMZ 200mg/m2

5/28 days

Age ≥60



Age ≥65
40 Gy in 15♯

+/-

Concomitant and 
adjuvant TMZ

(median 5 cycles)

Perry et al  NEJM 2017



MGMT results 
available for 
354 patients

(62%)

47% methylated
53% 

unmethylated
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