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Standards of care in
newly diagnosed glioblastoma

• Surgery
Histology
Impact on survival in elderly patients
Vuorinen et al. Acta Neurochir 2003;145:5-10
Higher rate of complete resections improves
progression-free survival rate at 6 months
Stummer et al. Lancet Oncol 2006;7:392-401

• Radiotherapy
Doubling of median survival
Review, Laperriere et al. Radiother Oncol 2002;64:259-273

• Pharmacotherapy
Temozolomide Stupp et al. NEJM 2005;352:987-996
Nitrosoureas (Gliadel, Westphal et al. JNO 2003;5:79-88, Metaanalysis,
systemic therapy, Lancet 2002;359:1011-1018)

http://www.go2pdf.com


(No) standards of care
in recurrent glioblastoma

• Surgery
positive effect on survival in retrospective series

• Radiotherapy
positive effect on survival in highly selected patient populations

• Pharmacotherapy
Temozolomide superior to procarbazine
Yung et al. Br J Cancer 2000;83:588–593
Gliadel superior to placebo (?)
Brem et al. Lancet 1995;345:1008-1012
Bevacizumab (?)
Friedman et al. J Clin Oncol 2009;27:4733-4740; Kreisl et al. J Clin
Oncol 2009;27:740-745
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Modified from Riemenschneider et
al. Molecular diagnostics of
gliomas - State of the art.
Acta Neuropathol 2010;120:567-84.
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How to assess
the top biomarkers?
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MGMT
+CH3

Cell death

O6-Methylguanin-methyltransferase (MGMT, AGAT),
a DNA repair protein, counteracts the effect of
alkylating agents:
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¾ Temozolomide (one week on/one week off) vs radiotherapy
in the primary treatment of anaplastic astrocytoma and
glioblastoma in older patients: a randomized phase III study

TMZ 100 mg/m2 po/day for 7 days every 14 days
until failure of therapy, to be adjusted in 25-mg steps

Focal radiotherapy daily — 30 x 1.8-2 Gy to a
total 54–60 Gy

Temozolomide
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TMZ is not inferior to RT
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MGMT is a prognostic biomarker
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MGMT is a predictive biomarker

Wick et al. Lancet Oncol 2012
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All pts Age > 70 yrs
Overall survival MGMT methylated: TMZ > RT

unmethylated: RT > TMZ

Lancet Oncol 2012
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How do we select
targets for intervention?

Ø Proliferation? Migration? Invasion?

Ø Understand tumor biology and interfere with
tumor-related processes

Ø Understand glioma biology and interfere with
glioma-related processes

Ø Glioma targets or host targets?
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Rationale for
anti-angiogenic treatment

Ø Cancers are angiogenic

Ø Starvation kills

Ø Inhibition of angiogenesis should be well tolerated

Ø The target might be non-neoplastic (not moving)
and therefore stable: resistant to the development
of resistance

Ø Potential for synergy with radiotherapy and
chemotherapy
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Anti-angiogenic therapies for glioblastoma
may not have to target proper endothelial cells
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Molecular targets of anti-angiogenic
therapies investigated in glioblastoma

Wick et al. Neuro-Oncology 2011;13:566-79
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Resistance to
antiangiogenic treatment

Ø Primary resistance: the target is not expressed

Ø Primary resistance: the target is expressed, but not
essential

Ø Acquired resistance: the tumor may escape by
switching to another mode of angiogenesis

Ø Acquired resistance: the tumor may escape by
switching from angiogenic to infiltrative phenotype

Ø Escape pathways from anti-angiogenic treatments
may be diverse and agent- and target-specific
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Candidate antiangiogenic agents in
glioblastoma

Ø Enzastaurin: PKC-� antagonist

Ø Bevacizumab: VEGF antibody

Ø Cediranib: VEGF receptor antagonist (TKI)

Ø Aflibercept (VEGF trap): VEGFR/IgG fusion protein

Ø Cilengitide: Integrin antagonist

Ø RO5323441: PlGF antibody
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AVAGlio and RTOG-0825
Rationale

Ø Conditional approval by FDA in 2009 for
recurrent glioblastoma

Ø Safety and tolerability confirmed in phase II

Ø Promising PFS and OS data in phase II
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AVAGlio Design

n=463

n=458

Randomization
N=921

Stratification
• RPA class
• Region

Last patient in: March 2011
BEV = bevacizumab; PD = progressive disease; RPA = recursive partitioning analysis; RT = radiotherapy;
TMZ = temozolomide; Tx = treatment; qd = daily; q28d = every 28 days; q2w = every 2 weeks; q3w = every 3 weeks

Treatment start
4–7 weeks post-surgery

RT
2Gy; 5 days/week

TMZ
75mg/m² qd

Placebo
q2w

TMZ
150–200mg/m² qd
days 1–5 q28d

Placebo
q2w

RT
2Gy; 5 days/week

TMZ
75mg/m² qd

BEV
10mg/kg q2w

TMZ
150–200mg/m² qd
days 1–5 q28d

BEV
10mg/kg q2w

BEV
15mg/kg q3w

Placebo
q3w

Debulking
surgery
or biopsy

Concurrent phase
6 weeks

Tx break
4 weeks

Maintenance phase
6 cycles

Monotherapy phase
until PD
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RTOG 0825 Design

• Primary objectives: determine if the addition of bevacizumab to standard
chemoradiation improves OS or PFS in newly diagnosed GBM

• Secondary objectives:
– Compare toxicity profiles
– Compare symptom burden, HRQOL and neurocognitive function (Net Clinical

Benefits-NCB)
– Identify a selected patient subset with bevacizumab benefit based on MGMT, 9-

gene molecular profile, and RPA

Treatment arm blind
broken at progression.

Built in crossover or
continuation of
bevacizumab.

TMZ + Placebo

TMZ + Bevacizumab
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AVAGlio
Investigator-Assessed PFS

(Co-Primary Endpoint)

BEV = bevacizumab; CI = confidence interval; HR = hazard ratio; mo = months; PFS = progression-free survival;
Plb = placebo; RT = radiotherapy; TMZ = temozolomide

Stratified HR: 0.64 (95% CI: 0.55–0.74)
p<0.0001 (log-rank test)

10.6 mo
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AVAGlio
Investigator-Assessed PFS:

Subgroup Analyses*

*Selected subgroups only; #Unstratified analysis
CI = confidence interval; HR = hazard ratio; MGMT = methylguanine-DNA methyltransferase; MMSE = mini-mental state examination;
PFS = progression-free survival; RPA = recursive partitioning analysis; WHO PS = World Health Organization performance status

Category Subgroup N HR#

HR

Bevacizumab better Placebo better 95% CI

All All 921 0.65 0.56–0.75

60–69 296 0.59
?470 73 0.78

Age, years <50 229 0.64
50–59 323 0.69

0.47–0.86
0.54–0.88
0.46–0.77
0.46–1.33

MMSE score <27 214 0.74
?•27 696 0.63

0.55–0.99
0.53–0.75

Surgical status Biopsy only 104 0.81
Partial/complete resection 817 0.62

0.53–1.26
0.54–0.73

1–2 455 0.57
WHO PS 0 465 0.71 0.58–0.88

0.46–0.69

MGMT gene promoter status Methylated 237 0.76
Non-methylated 461 0.56

Missing 223 0.61

0.56–1.04
0.46–0.68
0.46–0.82

10.60.40.1 2 3 4 56 10 200.2

RPA class III 151 0.64
IV 540 0.62
V 229 0.72

0.44–0.93
0.51–0.74
0.54–0.96

Corticosteroid use at baseline On 395 0.69 0.55–0.85
Off 522 0.63 0.51–0.76

http://www.go2pdf.com


AVAGlio
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RTOG-0825 - Survival

Median overall survival
Placebo: 16.1 months
Bevacizumab: 15.7 months
HR (bev/placebo:1.13 (95%CI:0.93,1.37))
p = 0.21

Median progression free survival
Placebo: 7.3 months
Bevacizumab: 10.7 months
HR (bev/placebo:0.79 (95%CI:0.66,0.94))
p = 0.007

Neither OS or PFS achieved pre-specified endpoints
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Months after randomization

Dead Total

Placebo 198 309 P=0.21

Bevacizumab 215 312 HR (95% CI) = 1.13 (0.93, 1.37)
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Placebo 256 309 P=0.007

Bevacizumab 256 311 HR (95% CI) = 0.79 (0.66, 0.94)
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Bevacizumab 311 241 133 59 17 8
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Methodology
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PRoB-GBM Predicts
Bevacizumab Responders
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PRoB-GBM by Treatment Arm
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PRoB-GBM Not Predictive
for Salvage Bevacizumab

• Patients could be unblinded at
recurrence

• Those on standard arm could be
given bevacizumab at recurrence

• Examined PRoB-GBM in salvage
arm
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Slide 34

PF(2 The original slide says p < 0.0001
Pierre Fichelson (HI), 07/06/2013
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Coexpression of wild-type EGFR
and EGFRvIII expression in

glioblastoma

EGFRvIII (L8A4)

EGFRwt (3C6)

Overlap

GB 1097

GB 1097

GB 1122
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How should we assess the EGFR status?
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ACT IV Study Design
Adjuvant Temozolomide and Vaccine

Therapy (TMZ-V, 6-12 cycles)
Vaccine
Priming

R
A
N
D
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M
I
Z
A
T
I
O
N

Vaccine
Maintenance

Therapy (VMT)

Follow Up

• Vaccine or control (KLH) is administered
Day 22 of each TMZ cycle

• Begin TMZ no sooner than 6 days after
administration of the second vaccine
priming dose

• Begin TMZ no sooner than 28 days after
completion of CRT

• Begin TMZ when ANC ≥ 1000/µL and
platelets ≥ 100,000/µL

• TMZ dosed days 1-5 of each 28 day cycle

• Dose vaccine days
1 and 15 of Vaccine
Priming cycle

• Start cycle within 4
days after
randomization and
within 7-14 days
after completion of
CRT

If no disease
progression
after TMZ,
continue dosing
vaccine every
28 days (Day 1
±3 days of each
28 day cycle)
until intolerance
or disease
progression

Follow-up for
overall survival
every 12 weeks
after disease
progression

Temozolomide Dosing
Vaccine or Control (KLH) Dosing

CRT Chemoradiation Therapy

Treatment will be discontinued upon
disease progression, unacceptable
treatment-related toxicity, or patient
refusal to continue study treatment

D1 D15 C1D1 C1D22 C2D22 C3D22 etc…. C1D1 C2D1 etc…
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