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Macroscopic Appearance

Autopsy                                  Operation



Pathology: Grade IV: Glioblastoma 

(GBM)

Features:

Highly cellular
Invasive
High mitotic index
Anisocytosis
Angiogenesis ++
Necrosis



Molecular biology

Role of EGFR, PDGFR

PI3 kinase/Akt and mTOR

Role of Angiogenesis and VEGF

Role of P53 mutation

Role of Loss of Rb

Role of MGMT promotor gene 
methylation

Etc.



 Areas of necrosis.

 Mass effect.

 Crossing midline.

 Vasogenic oedema.

GLIOBLASTOMA : imaging



TREATMENT : surgery

 Extent limited by anatomical 
location.

 Survival better with total 
resection.

 Without adjuvant treatment : 
MST : 3–6 months.
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3 D TREATMENT PLANNING IN GBM



Radiotherapy

GTV + 2-3 cm for PTV; Dose: 60 Gy in 30 fx of 2 Gy



TREATMENT : radiotherapy

 Pooling of 6 randomized trials 
(RT vs no RT) : improved survival        
RR : 0.81.

MST 3–6           9–12 months.

Level I Evidence Based Medicine
(Laperierre et al., R&O 2002,64:259)

Several causes of radioresistance : 
[Hypoxia, Proliferation, Intrinsic 
RR, Genetic instability].
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Attempts at improving radiotherapy

Technical Biological

Brachytherapy. Hypofractionation.

Intra-operative RT. Hyperfractionation.

Stereotactic/radiosurgery. Accelerated RT.

Proton-beam therapy. Radiosensitizers.

Radio-active implants. ARCON.



TREATMENT : chemotherapy

 12 randomized trials.

(Stewart, Lancet 2002, 359 : 1011)

 3004 patients.

 Drugs : all studies used 
nitrosoureas  other in 5.

 RR = 0.85 (15 % decrease 
in risk).

 Absolute 1 and 2 y survival 
gain : 6 % & 5 % or 2 
months in MST.



Possible reasons for failure of 
« traditional » chemotherapy

 Heterogeneity.

 Genetic instability.

 Proliferative activity.

 Blood-brain barrier.

 Tumor vascularity.

 Microenvironment [extracellular 
matrix, nutrient/oxygen supply, pH].
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Previous EORTC Trials

EORTC / RTG phase I/II                
dose-searching study.
Three fractions of 2 Gy/day.
Doses 42, 48, 54, 60 Gy.
Acute toxicity not increased.
MST   8.7 months
No differences in 4 levels.
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Previous EORTC Trials

EORTC / RTG 22933.
Phase I/II trial.
(1) Accelerated RT + CO 
(ARCO).
(2) AR + N (ARN).
(3) AR + CO + N (ARCON).
RT : 60 Gy   1.5 Gy x 2/day.
115 patients.
MST 10 months.
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«History» 
of the association RT-TMZ



First Brain Storming Meeting 
Geneva in 1997



Characteristics of Temozolomide

 Developed in 1980’s by UK CRC.

 Imidazotetrazinone derivative.

 Excellent bioavailibility and brain/ 
CSF penetration.

 Spontaneously converts to active 
form.

 DNA-alkylating agent.



First Brain Storming Meeting 
Geneva in 1997

Pilot TMZ Geneva-Lausanne trial following the B.S.



Chemotherapy:concomitant and adjuvant 
Temozolomide and radiotherapy

 64 pts with GBM.

 TMZ conc : 75 mg/m2 x 7 d x 
6 w.

 TMZ adj. : 200 mg/m2 x 5 d
qm x 6.

 RT focal, 60 Gy / 2 Gy
Stupp JCO 2002



Temozolomide and radiotherapy 
in glioblastoma

Survival : N = 64 patients

All      < 50 Comp- III IV        V                     
Pts      years  lete S.

MST 16 19 18.8 > 24 13.8 9.2

months

2 y. s. 31 % 50 % 47 % 51 % 32 % 0 %

Stupp JCO2002

RPA
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EORTC BTG (26981), 
RTG (22981) NCIC CE3

Temozolomide 75 mg/m2 po qd for 6 weeks,

then 150–200 mg/m2 po qd d1–5 every 28 days for 6 cycles 

Weeks

Focal RT daily — 30 x 200 cGy

Total dose 60 Gy

Concurrent 

TMZ/RT
Adjuvant TMZ

6 10 14 18 22 26 30

RT Alone

R
0

Study Chair BTG : R. Stupp        

RTG : R.O. Mirimanoff



EORTC BTG (26981), 
RTG (22981) NCIC CE3

Study accrual

573 patients 
randomized in 
20 months, by 
85 centers
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Results of EORTC/NCIC



EORTC BTG (26981), 
RTG (22981) NCIC CE3

Overall survival

months
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p <0.0001



Treatment after progression

EORTC BTG (26981), 
RTG (22981) NCIC CE3

TMZ/RT
n=287 

%

3121Palliative Care only

54Repeat RT

2323Surgery

8594Progressed

2560Temozolomide

5872Any Additional 
Chemotherapy

RT Alone
n=286

%



EORTC BTG (26981), 
RTG (22981) NCIC CE3

Overall survival

months

0 6 12 18 24 30 36 42
0

10

20

30

40

50

60

70

80

90

100

O N Number of patients at risk :

261 286 240 144 59 23 2 0
219 287 246 174 109 57 27 4

RT
TMZ/RT

TMZ/RT

RT

RT

TMZ/RT

Median OS, mo: 12.1 14.6

2-yr survival: 10% 26%

HR [95% C.I.]: 0.63 [0.52-0.75]

p <0.0001



GLIOBLASTOMA

Basics

 Brief Review of the role of RT and CXT prior TMZ

 « Pre-TMZ » efforts at EORTC

 The story of the TMZ EORTC/NCIC trial

 Main results of the trial

 Biological rationale of the TMZ/RT association

Role of MGMT

 Studies « around » the EORTC/NCIC trial

 Future directions and conclusions



Temozolomide: radiobiology 1

WWedge et al, Anticancer 
Drugs, 8:92, 1997

TTMZ and RT inhibit cell 
growth of GBM cell lines in 
a dose-dependant-fashion



Temozolomide: radiobiology 2

HHirose et al. Cancer Res 
61:1957, 2001

TMZ induces an arrest in G2M 
in GBM cell lines, regardless 
of p53 status 
RReminder: cells are most 
radio-sensitive in G2M



Temozolomide: radiobiology 3

Wick et al, Cancer Res 
62:1915, 2002

Sub-lethal doses of RT 
increase cell invasion in a 
GBM animal model
IInvasion is inhibited by 
TMZ by inhibition of 
expression of integrins 
(alphavbeta3/beta5) 
involved in invasion and 
angiogenesis
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ROLE OF MGMT



MGMT IN GBM

 MGMT : repair enzyme. Methylation of promotor gene :  inhibition of 
transcription or « silencing » of the gene, thus less or no repair after CT/RT

 MGMT  Methylation-specific PCR performed in 307 of 573 patients

 MGMT status sucessfully determined in 206 patients

 45 % of patients had a methylation (= silencing) of MGMT

Hegi, NEJM 2005



2 y s

Unmeth, RT alone 2 %

Unmeth, RT/TMZ 13.8 %

Meth, RT alone 22.7 %

Meth, RT/TMZ 46.0 %

PREDICTIVE VALUE OF MGMT

Hegi  NEJM 2005



The methylation of MGMT enhances the 
effect of TMZ on RT in vitro and in vivo

Chakravarti et al 2006, Clin Cancer Res 2006, 12:4738

TMZ enhances RT effect in GBM in MGMT – GBM by 
increasing DSB DNA damage, but not in MGMT +

TMZ enhances RT-induced apoptosis in MGMT –

Clonogenic survival is decreased when RT and TMZ 
are given concomitantly but not sequentially
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1. QA in RT

Conclusions:

High compliance 
with protocol and 

RT guidelines

Ataman, EJC 2004



2. QOL in RT+TMZ

Conclusions:

Temozolomide improves 
survival without negative 

effect on quality of life

Taphoorn, Lancet Oncology 2005



3. Impact of RPA

RPA retains its 
significance in this trial

TMZ+ RT are mostly 
efficient in RPA III

Mirimanoff JCO 2006



4. Prognostic value of 
health-related QOL

Mauer, BJC 2007

HRQOL scores

Cognitive functioning, 
Global health status and 

Social functioning 
predicted survival



4. Prognostic value of 
health-related QOL

Mauer, BJC 2007

HRQOL scores

Cognitive functioning, 
Global health status and 

Social functioning 
predicted survival



5. Other publications in 
progress derived from 

26981/22981

Updated results (Mirimanoff, Stupp)

Genetic analysis (Hegi)

Pathology review ( Janzer)

Health economics (EORTC DC)

Patterns of failure (Weller)
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PERSPECTIVES FOR GBM

1) Find ways to « silence » MGMT gene 
or to deplete MGMT, especially in tumors 
which express MGMT

2) Targeted agents: RT + TMZ + 
antiangiogenic agents [PTK 787, 
Celengitide].

3) Increase the TMZ dose: Dose-dense 
temozolomide trial



1) Find ways to « silence » MGMT gene or to deplete 
MGMT, especially in tumors which express MGMT

To inhibit MGMT activity: O6 guanine mimetic agents:

Examples: O6 benzlyguanine (O6 - BG) and lomeguatrib

Currently: Phase I and II associated with TMZ



2) INTERACTION BETWEEN RADIATION , 
ANGIOGENESIS , EGFR : 

PERSPECTIVES FOR GLIOBLASTOMA



Tumor response to 
radiotherapy

RT induces:

DNA damage signaling
VEGF secretion
Upregulation of 
endothelial VEGFR
Expression of v3

integrins
Increased invasiveness 
and motility of tumor cells

Abdollahi et al. Clin Cancer Res 2005: 11:6270-79 
Lefranc et al. J Clin Oncol 2005; 23:2411-22

Wick et al. Cancer Res 2002; 62:1915-19



Phase I/IIa trial of cilengitide and 
temozolomide with concomitant 

radiotherapy, followed by 
temozolomide and cilengitide 

maintenance therapy in patients 
with newly diagnosed GBM

R. Stupp, R. Goldbrunner, B. Neyns, U. 
Schlegel, P. Clement, G. G. Grabenbauer, M. E. 

Hegi, 
J. Nippgen, M. Picard, M. Weller

Lausanne, Munich, Brussels, Bochum, Leuven, 
Erlangen, Darmstadt, T¿bingen



cyclo-(Arg-Gly-Asp-DPhe-NMeVal)

i.v. formulation, twice weekly 1h 

infusion, no MTD up to 2400mg/m2

Currently applied doses 500mg and 

2000mg flat

Cilengitide – Integrin inhibitor 

CCilengitide  (EMD 121974)
CCyclic Arg-Gly-Asp (RGD)-
containing pentapeptide
SSelective inhibitor of integrins
av3 + av 5
 Angiogenesis inhibition
 Anti-tumor activity
 Combination treatment

Cilengitide is a highly selective integrin inhibitor 
targeting the tumor and its vasculature



TMZ daily x 6 wks

TMZ/RT + Cilengitide: 
Phase II Trial (#010)

Radiotherapy (30 x 2 Gy)

Concomitant Phase Adjuvant Phase    (6mo)

TTMZ   75 mg/m 2 daily (7/7) during RT 

maintenance 150-200 mg/m 2 x 5d for 6 cycles

RRT   60 Gy (30 x 2 Gy), to start 3 -5 weeks post surgery

CCilengitide   500 mg flat dose twice weekly i.v. to start 1 week before 

TMZ/RT, continue throughout chemo-(radio)therapy, optional single agent 
maintenance after completion of 6 cycles of TMZ

+ C i l e n g i t i d e   (twice weekly  i. v. )



Patient Characteristics

Cilengitide-
TMZ/RT

n=52

TMZ/RT
EORTC/NCIC

n=287

Median age, yr 57
(32ï68)

56
(19ï70)

M/F (%) 62/38 64/36

PS  0–1 vs 2  (%) 92/8 87/13

Corticosteroids (%)
Debulking surgery
Central path confirm
RPA class III/IV/V (%)

83
83
94

19/69/12

67
84
93

15/53/32



Outcome

Cutoff May 2007

Median follow-up 14 mo
Minimum follow-up12 mo

Stupp ASCO 2007



Hematologic toxicity 
(grade 3/4) irregardless of relationship to study tx

Hematoxicity Gr3/4
Cilengitide-TMZ/RT 

n=52
TMZ/RT 

(EORTC) n=287

Anemia 0 1%

Leukopenia 4 (7.7%) 7%

Lymphopenia 29 (55.8%) Not reported

Neutropenia 5 (9.6%) 7%

Thrombocytopenia 7 (13.5%) 12%



Preferred term (MedDRA) Number (%) of subjects (N=52)

Total with any AE 28(53.8)

Nausea 9(17.3)

Fatigue 7(13.5)

Anorexia 5(9.6)

Asthesia 5(9.6)

Blood bilirubin increased 3(5.8)

Tachycardia 2(3.8)

Dyspepsia 2(3.8)

Vomiting 2(3.8)

Dysgeusia 2(3.8)

Dyspnoea 2(3.8)

Deep Vein Thrombosis 2(3.8)

Non-hematologic adverse events 

(>3%, possibly related, all grades)



Cilengitide-TMZ/RT:

Overall survival

N = 52
died 19 (37%)

Median survival not 
reached

12 mo: 67%
(95% c.i. 42-92)

Status May 21, 2007



3) RTOG/NCIC/EORTC project in GBM: 

exploring the role of adjuvant treatment 

in relation to MGMT status: RTOG 0525

6 or 12 cycles TMZ  

treatment

follow-

up

RT 59.4 Gy + 

concurent 

temozolomide
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Y Stratification:

- Methylation status

Availability of tissue mandatory!



LESSONS LEARNED FROM EORTC/NCIC

TRIAL 

 Initiated within a multidisciplinary context (brain storming).

 Initial successful local phase II RPA international 
phase III (CH Eur/Can).

 Huge input from 85 centers (8 in CH).

 Exemplary input from non-clinicians (statisticians, 
pathologists, lab scientist, economists).

 Good share of duties and rewards.

 Prognosis has been improved but mainly in some sub-
categories of patients ( RPA III, MGMT- )



LESSONS LEARNED FROM EORTC/NCIC

TRIAL 

 Much has been learned on this disease : from a clinical and 
biological point of view

 Daily practice on GBM has changed: no more thought as a 
uniformly and shortly fatal disease

 More and more patients are followed more closely and retreated 
in case of recurrence

 RT/TMZ : yardstick for future comparisons with new treatments

 Overall prognosis remains quite reserved…but

 Realistic hope that the addition of novel agents will improve the 
outcome, based on sound scientific data





Thank you for your attention !


