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Diffuse Gliomas: 2007 WHO Classification

Astrocytomas

Infiltrating Astrocytoma (WHO grade Il)
Anaplastic Astrocytoma (WHO grade lll)
Glioblastoma (WHO grade V)

Oligodendrogliomas
Oligodendroglioma (WHO grade Il)
Anaplastic Oligodendroglioma (WHO grade lll)

Mixed Oligoastrocytomas
Oligoastrocytoma (WHO grade Il)
Anaplastic Oligoastrocytoma (WHOQO grade lll)




Astrocytoma (WHO grade Il and Ill)

IDH, TP53, ATRX
mutations

_ Median Survival:
¢ Grade Il: 60 mo
¥ Grade Illl: 36 mo




Oligodendroglioma (WHO grade Il and lll)

00" 1p/19q co-deletion

&3 g~

$%4e IDH, CIC, FUBP1,
g TERT promoter

Median Survival:
8§ Grade ll: 120 mo
¥ Grade lll: 60 mo

Chemosensitive



Oligoastrocytoma Ambiguous
(WHO grade Il and IIl) Morphology
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Brain Tumor Histogenesis
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Distinguishing Among the Gliomas

“There are also many cells which appear to be
transitions between gigantic oligodendroglia and
astrocytes. It is Impossible to classify them as
belonging in either group”

Bailey P, Bucy PC. Oligodendrogliomas of the brain.
J Pathol Bacteriol 1929: 32:735

60-70% concordance among neuropathologists in the
diagnosis of diffuse gliomas

Coons SW et al. Cancer. 1997;79:1381



Interobserver variation of the histopathological diagnosis
in clinical trials on glioma: a clinician’s perspective

Martin J. van den Bent

Acta Neuropathol (2010} 120:297-304

Tumor type

Standard of care

(Glhioblastoma multiforme

Grade ll tumors

Low grade ghoma

Ohgodendroghal tumors

Combined chemo-irradiation (60 Gy) with temozolomide

Radiotherapy 60 Gy, value of adjuvant chemotherapy
and of combined chemo-irradiation unproven
Radiotherapy 45-55 Gy, higher dosages of RT comelated
with more toxicity, unproven role for upfront chemotherapy alone

Initial management with upfront chemotherapy
widely accepted, regardless of tumor grade

Table 1 Standard of care in
ghiomas
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Comprehensive Analysis of 500 Lower Grade Gliomas

Data type
Somatic mutations

Platform

Whole exome
Whole genome

Center
Broad Institute

DNA copy-number

Affymetrix SNP6

Broad Institute

MRNA expression
(incl. fusions)

RNA-Seq
(llumina HiSeq)

UNC

DNA methylation

Infinium 450

USC

microRNA
expression

MIRNA-Seq

BCGCS

Protein levels &
phosphorylation

RPPA

MD Anderson

DNA copy-number/
rearrangements

Low-pass whole
genome sequencing

Harvard

The Cancer Genome Atlas &



TCGA Lower Grade Gliomas:
Data Freeze for Biomarker Manuscript

e Platorm | # sampies

Exome sequencing lllumina 290
Whole genome sequencing Illlumina 23

DNA copy number Affymetrix SNP6 271
DNA copy number Low pass whole genome 43
MRNA RNA-Seq 269
DNA methylation Infinium 450 268
microRNA expression MIRNA-Seq 295
Protein levels RPPA 241

293 cases, with overlapping data on 254 for major platforms

Troy Shelton




MutSIgCV ldentifies Significantly Mutated Genes

and Reveals Mutation Classes
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Age
Gender
Grade
Histology

32

41

i

A

IDH1 (77%)
IDH2 (4%)
TP53 (51%)
ATRX (39%)
cIC (17%)
NOTCH1 (8%)
FUBPT (8%)
PIK3CA (8%)
EGFR (6%)
NF1 (6%)
PTEN (5%)
SMARCA4 (4%)
ZBTB20 (4%)
PIK3R1 (4%)
BCOR (2%)
ARID1A (3%)
TCF12 (2%)
PTPN11 (2%)
PLCGT (1%)
ZCCHC12 (1%)
TERT (3%)
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M Nonsense

1 In frame indel I Mis

sense @ Frame shift

[ Splice site W Other non syn. M Synonymous

IDH mutations occur in ~80% of LGGs

Esther Rheinbay
Hailei Zhang
Jaegil Kim

1) CIC, FUBP1, Notchl, PIK3CA mutations (mostly oligo)

2) TP53 and ATRX mutations (mostly astro and oligoastro)
IDH wt LGG have mutations similar to GBM




LGG: Copy Number Alterations

By Histology

Chromosome

Deletion MNeutral Amplifcation

Chromosome

Molecular Subtype
| 'oH wt
[} 1o+ Mut non-Codel
[} 1oH Mut Codel
Pathelogy Subtype

Astrocytoma

CN Cluster

Mol Subtype [N

Path Subtype (IR HIRH

l Oligoastrocytoma

Oligodendroglioma

NS E
TR et weue

NMF Clustering

Histology Grade
|:| Grade 2

I Grade 3
Pathology Subtype
Astrocytoma

I Oligoastrocytoma

Oligodendroglioma

Hailei Zhang
Andrew Cherniack




OncoSign

(Oncogenic Signatures)

Selected

Functional Event Calls Tumor Subclasses
Events

All
Alterations
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Chromosomes § : .
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GISTIC Binary assigments of MNetwork Modularity
(recurrently amplified and alterations to samples Optimization
deleted regions) & SFE enrichment analysis
MutSig
(recurrently mutated genes)

Giovanni Ciriello et al.,
Nat Gen, 2013




OncoSign Identifies 3 Molecular Classes
Largely Based on IDH and 1p/19q status

IDHwt IDHmMut, 1p/19q intact IDHmut, 1p/19q codel

OSC 2 OncoSign Classes

1T (NN LRER R (NIRRT RNA-seq
| | | CNA

DNA methylation

1 | |1 H |H| | miRNA
I I RPPA
I Cluster-of-clusters

I|IIIII I Il IIlI I-I-IIII-IIIII

T EE T Molecular subtype
9p21 (CDKN2A)
EGFR
PTEN
1932.1 (MDM4)
NF1
TP53
ATRX
2q37 (AGXT)
11p15 (KCNQ1)
12p13 (CCND2)
19q13.42
8924.21 (MYC)
IDH1/IDH2
cic
FUBP1
NOTCH1
PIK3CA
19p13.3 (PTBP1)
PIK3R1

TERT
ATRX

Single data-type
clusters

Giovanni Ciriello
Jason Huse
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Discriminant alterations (g < 0.05)

Histology Molecular subtype Alteration Type
W Astrocytoma Il IDHwt

[l Oligoastrocytoma Il |IDHmut-non-codel
[ Oligodendroglioma [ IDHmut-codel

@® Somatic mutation ® Homozygous deletion
@ Gene fusion @ High amplification
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MRNA EXxpression
Clustering

1500 most variable genes selected
by MAD.

Consensus Heirarchical Clustering
(Pearson).

At k=6, 4 large clusters.
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Clustering of molecular data (Copy Number, mRNA,
MIRNA, methylation) identifies 3-5 subtypes
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Classes
Largely Based on IDH and 1p/19qg status

IDHwt IDHmMut-codel IDHmMmut-non-codel Mla

Grade 2 B Consanzus Cluster 1

Grada 3 B Consansus Cluster 2 .
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hree Robust, Non-overlapping LGG Classes

IDHmut-codel IDHmMut-non-codel [IDHwt

IDH mutant IDH mutant IDH wt
1p/19q del 1p/19q intact +7, -10
CIC mut TP53 mut EGFR amp
FUBP1 mut ATRX mut PTEN mut
TERT mut 8924 amp NF1 mut

Notchl mut
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Clinical Outcomes

Event Free Survival Overall Survival

——  |HDmut-codel . e ——  |HDmut-codel
—— IDHmut-non—-codel bhFoames —— IDHmut-non—-codel
—7— IDHwt e —7— IDHwt

Proportion Surviving

Laila Poisson

I
10

Years Since Diagnosis Years Since Diagnosis
Log-rank, p<0.0001 Log-rank, p<0.0001



IDHwt LGGs have Mutation Frequencies
Similar to Glioblastoma

GBM
IDHwt

P53
RB1
PTEN
PIK3R
PIK3C
PIK3C2
PDGFRA
NF1 |
MET
MDM4
MDM2

MDM1

IDH1
FGFR3

FGFR2 Mia Gifford

FGFR1 Olena Morozova
EGFR - : )
CDKN2C Sofie Salama
CDKN2A
CDK6
CDK4
BRAF
ATRX

Fraction of samples with specific alteration in gene
BSNV/indel B Amplification EDeletion SV #Fusion BTwo or more aberrations



IDHwWt LGGs have
Oncogenic Gene
Fusions Similar to
Glioblastoma

Olena Morozova
Sofie Salama
Roel Verhaak

PLCy1
binding site

FGFR3 | Exons 1-8 (ligand-binding) 12-17 (tyrosine kinase)

TACC3

EGFR| Exons 1-16 (ligand-binding) 18-24 (tyrosine kinase) | 25

EGFR SEPT14

EGFR
SEPT14

EGFR chrip

EGFR chr7p

EGFR TAX1BP1




IDHwt LGGs have Clinical Outcomes
Similar to Glioblastoma

Overall Survival

IHDmut-codel (n=79)
IDHmut-non-codel (n=123)
IDHwt (n=51)
GBM-IDHmut (n=24)
GBM-IDHwt (n=373)
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RPPA: Supervised clustering
189 Antibodies
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EIF4AG
STAT5-alpha
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SMAD1
HER2
VEGFR2
Annexin
P38 MAPK




RPPA: Supervised clustering
14 Tyrosine Kinase Antibodies

IDHMp19g Subtype
RMASeqCluster(p=2.16e-42)
MethylationCluster(p
miRMACIuster(p=1.f
CMCluster(p=4.5e
RPPACIuster(p=1.0
OncosignCluster(p=5.52
EGFR_Amplification{p=1.13e
EGFR_Mutation{p=9.41e-13)

HER3_pY1289(p=4

LE—I{i'.-ijl 86e-07)

Sre_pY416(p=3.7Te-01)

‘ ‘ I;-S’u:_pYEZ?-:p=5 37e-03)

iy}

Lck(p=3.23e-02)

c-Met_pY1233(p=3.76e-01)

Rehan Akbani and Gordon B. Mills




Summary

6 histopathologic diagnoses can be distilled into
3 robust, clinically relevant molecular classes

IDH mutant, 1p/19q co-deleted gliomas: CIC, FUBP1, TERT
promoter, Notchl and PIK3CA mutations

IDH mutant, non-codel gliomas: TP53, ATRX, 8924

IDH wild type LGG have molecular alterations and clinical
behavior similar to GBM



Thank You!

TCGA LGG

Analysis Working Group
Co-Chairs: Dan Brat, Al Yung
Data Coordinator: _ee Cooper
Manuscript Coordinator: Ken Aldape

Analysis Coordinators: Roel Verhaak, Sofie Salama
DCC Representative: Joan Pontius
TCGA Program Office:  Margi Sheth
Kenna Shaw
Jean Claude Zenklusen
Carolyn Hutter
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