UniversitatsSpital
Ziirich

Genetic basis of glioma and
potential for personalised medicine
Bali, Indonesia, 11 April 2010

Michael Weller
Department of Neurology
University Hospital Zurich

Switzerland




UniversitatsSpital
Ziirich

Astrocyte or glial precursor cell

TP53 mutation (=60%) |IDH-1 mutation (=<70%
MGMT promoter +7q
methylation (60-70%) +12p
-9p21 (CDKN2A, p14ARF) +7 Astrocytoma
+19 WHO grade i
-13q (RB1) + 20 2
TP53 mutation (=25%) |[Gene amplification - 9p21 (CDKN2A)
(=50%): - 139 (RBl)
-19913.3
10 (=70%) EGFR, CDK4, q
PTEN mutation (=30%) | MDM2, MDM4, Anaplastic astrocytoma
or other genes WHO grade lIi
MGMT promoter IDH-1 mutation (=5%)
methylation (=40%) -10q (=70%)
PTEN mutation (<5%)
\/
Primary glioblastoma Secondary glioblastoma

WHO grade IV WHO grade IV




Key questions

* Are the genetic changes that are associated
with the development of gliomas relevant
for the clinial course and response to
treatment?

 Which molecular markers are prognostic
(independent of therapy)?

 Which molecular markers are predictive
(dependent of therapy)?
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Molecular genetic markers - PFS

Molecular Predictors of Progression-Free and Overall

Survival in Patients With Newly Diagnosed Glioblastoma:

A Prospective Translational Study of the German

Glioma Network
°r, g, Christian Hartennn, Hilear Berger, Joaclio I, _\r«u.-ul-..a._l., ok

Sehvagkerr, Margiins Sirron, Joeg © Tone, Cliver He
sl Ofirar Wiestler, Guido Reffenberger, Amdraas vou Deirnling,

Molecular genetic markers - OS

e TP53 mutation +
1 EGFR amplification I . a—
I S— MDM2 amplification I S R
— CDK4 amplification - — ]
— T CDKN2A deletion
-1 LOH 1p I
T LOH 9p -
S S LOH 10q *
e LOH 199 e E—
LOH 1p/19q ] +
— IDH-1 mutation — +
T T T 1 T T T 1
0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0

0.0

hazard ratio and 95% CI

Hazard ratio and 95% CI

Deutsches

Gliomnetzwerk

Forschen.
Informieren.

UniversitatsSpital
Ziirich



P AP VNP it st AL W .ﬂﬂmmu_._._._

? Molecular markers




Molecular markers for
clinical decision making should.....
allow prognostic estimates
complement histologic diagnoses
allow individualized treatment allocation

avoid unnecessary therapeutic measures
and thereby ...

reduce toxicity and costs



Candidate molecular markers
for clinical use in glioma therapy

P53 mutations

EGFR amplification / phosphorylation
Loss of heterozygosity 1p/19q

MGMT promoter methylation

Isocitrate dehydrogenase (IDH) mutations
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Combined loss of 1p and 19q
resulting from an
unbalanced translocation t(1;19)(q10;p10)
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Griffin et al. J Neuropathol Exp Neurol 2006;65:988-994
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MGMT promoter methylation in malignant zoncn
gliomas: ready for personalized medicine?

Michael Weller, Roger Stupp, Guido Reifenberger, Alba A. Brandes, Martin J. van den Bent,
Wolfgang Wick and Monika E. Hegi
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|| ORIGINAL ARTICLE |

MGMT Gene Silencing and Benefit
from Temozolomide in Glioblastoma
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Figure 1. Methylation Status of the MGMT Promoter in Glioblastoma Biopsy [EREET I MGMT
Specimens, as Determined by a Nested Methylation-Specific PCR Assay. - Fe
DNA from normal peripheral blood lymphocytes (PBL) was used as a control E 104 5_o000l
for the unmethylated MGMT promoter (U), enzymatically methylated DNA 0 . | | | | | |
from PBL (MPBL) served as a positive control for the methylated MGMT pro- 0 6 12 18 24 30 36 42
moter (M), and water was used as a negative control for the PCR. A 100-bp Months
marker ladder was loaded to estimate molecular size, as shown on the left No. at Risk
scale; the sizes of PCR products are indicated on the right scale. Glioblastoma Unmethylated 114 100 59 16 7 4 1
Methylated 92 84 64 46 24 7 1

numbers 549 and 527 contain a methylated promoter, whereas 555, 569, and
529 harbor only an unmethylated promoter. The nested PCR approach ren-
ders the analysis highly sensitive, while allowing it to retain the specificity that
results in the detection of unmethylated MGMT promoter in all specimens
that may also contain DNA derived from infiltrating lymphocytes, blood ves-
sels, or contaminating normal tissue.
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|| ORIGINAL ARTICLE ”

MGMT Gene Silencing and Benefit
from Temozolomide in Glioblastoma
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NOA-04 Randomized Phase I1I Trial of Sequential
Radiochemotherapy of Anaplastic Glioma With

Procarbazine, Lomustine, and Vincristine or Temozolomide

Wolfpang Wick, Chrisrian Harrann, Corinma Engel, Mandy Sroffels, lorg Felsberg, Florian Stockhannrer,
Michael C. Sabel, Susarme Koeppen, Ralf Ketter, Richard Meyermans, Marion Rapp, Christaf’ Meisner,
Rolf D Kortmann, Torsten Pietsch, Otmar [ Wiestler, Ulrike Ermemarm, Michael Bamberg,

Guide Reifenberper, Andreas von Deimling, and Michael Weller

J Clin Oneol 27:5874-58380. @ 20089 by American Society of Clinical Oncology
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NOA-04 Randomized Phase III Trial of Sequential
Radiochemotherapy of Anaplastic Glioma With
Procarbazine, Lomustine, and Vincristine or Temozolomide

Wolfgang Wick, Christian Hartmann, Corinna Engel, Mandy Stoffels, Jorg Felsberg, Florian Stockhanmer,
Michael! C. Sabel, Susanme Koeppen, Ralf Kerrer, Richard Meyermann, Marion Rapp, Christof Meisner,
Rolf . Kortmann, Torsten Piersch, Otmar D0 Wiestler, Ulrike Ernemarm, Michoe! Bamberg,

Guide Retfenberger, Andreas vonn Deimling, and Michael Weller

J Clin Oncol 27.5874-5880. © 2008 by American Sociefy of Clinical Oncology

Table 4. Complete Model of Major Prognostic Factors As Determined in a
Multivariate Cox Regression Analysis for the Primary End Point of Time to
Treatment Failure

Variable Hazard Ratio 95% CI P

Anaplastic astrocytoma v
anaplastic oligoastrocytoma/

anaplastic oligodendroglioma 1.95 111036 .0237
IDH1, wild-type v mutated 2.0 1.2t03.3 .0128
1p/19q retained v 1p/19q deleted 1.8 091t034 .0718
MGMT promoter, unmethylated v

methylated 1.9 111034 0172
Age, = 50 v = B0 years 2.6 1.5t04.3 .0004
Extent of resection

Incomplete v complete resection 1.6 0.9t0 3.0
Biopsy v incomplete resection 2.1 1.1104.0 .0006
Biopsy v complete resection 3.5 1.8107.0

Fig 1 Kaplar-Meser estimates (modified imtention-to-trest anabysis). Dats for
time to treatment falee were anabzed by [A) treatrment 2moand B) tumar
histology. (C] Data for progression-fres sunival wenes analyed for treatment anm
and MEMT promoter methylstion status. A8, anaplastic astrocytoma; &08,
anaplastic aligoastrocytoma; A0, anaplastic ofigodendroghomas.
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Combined 1p/19q loss
in oligodendroglial tumors: predictive or

prognostic biomarker?
Clin Cancer Res 2007;13:6933-6937
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1p/19q

Molecular markers for clinical decision
making should.....

 allow prognostic estimates
« complement histologic diagnoses
 allow individualized treatment allocation

« avoid unnecessary therapeutic measures
and thereby ...

* reduce toxicity and costs
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1p/19q

Molecular markers for clinical decision
making should.....

 allow prognostic estimates

« complement histologic diagnoses



MGMT

Molecular markers for clinical decision
making should.....

 allow prognostic estimates
« complement histologic diagnoses
 allow individualized treatment allocation

« avoid unnecessary therapeutic measures
and thereby ...

* reduce toxicity and costs
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MGMT

Molecular markers for clinical decision
making should.....

 allow prognostic estimates

 allow individualized treatment allocation

« avold unnecessary therapeutic measures
and thereby ...

* reduce toxicity and costs



IDH-1/2

Molecular markers for clinical decision
making should.....

 allow prognostic estimates
« complement histologic diagnoses
 allow individualized treatment allocation

« avoid unnecessary therapeutic measures
and thereby ...

* reduce toxicity and costs
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IDH-1/2

Molecular markers for clinical decision
making should.....

 allow prognostic estimates

« complement histologic diagnoses
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Molecular markers
for clinical decision making

Summary

 The 1p/19q codeletion is predictive for response to
radiotherapy and chemotherapy and thus not useful
for individualized treatment

« MGMT promoter methylation may be predictive for
response to chemotherapy in glioblastoma, but not in
anaplastic gliomas where it may be predictive for
either radiotherapy or chemotherapy

 |IDH-1 mutations are probably merely prognostic



Molecular markers
for use in clinical trial design

« Should trials for newly diagnosed
glioblastoma separate or stratify for
MGMT promoter methylation?

* Should 1p/19q or IDH-1 or both
substitute for differential
neuropathology in anaplastic glioma
and low-grade glioma trials?
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