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• GBM as the test-case an initial entry for TCGA and initial description 
of first cohort of TCGA samples 

• Some comments on expression profiling and transcriptomal subtypes 
in GBM 

• Integrated analyses and thoughts on present and future approaches 
towards understanding diffuse gliomas 



TCGA timeline 
GBM was initial entry  

 Pilot Project: GBM ~500 cases  
•      Establish infrastructure for effective team science  
•      Develop a scalable “pipeline” 
•      Demonstrate the feasibility of a large-scale, high throughput approach to identifying 
the molecular ‘parts-list’ 
•      Make the data publicly and broadly available to the cancer community while 
protecting patient privacy 
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Multiple data types 

 
 

• Clinical diagnosis 
• Treatment history 
• Histologic diagnosis 
• Pathologic report/images 
• Tissue anatomic site 
• Surgical history 
• Gene expression/RNA 

sequence 
• Chromosomal copy 

number 
• Loss of heterozygosity 
• Methylation patterns 
• miRNA expression 
• DNA sequence 
• RPPA (protein) 
• Subset for Mass Spec 

TCGA analytic mandate:   
No Platform Left Behind 

~25* forms of cancer 
 

 

glioblastoma 
 

 

squamous carcinoma (lung) 
 
 

Serous cystadenocarcinoma 
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etc. etc. etc. 
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• Initial TCGA paper 
• Catalogued known and previously described alterations 
• Some novel findings (e.g. somatic NF1 mutations) 
• Provided a resource for the neuro-oncology community 
• Proof-of-principle/successful implementation of TCGA project 

 



Amplifications and homozygous deletions NF1 inactivation in GBM 



Genomic alteration present predicted to cause aberrant RTK/Ras signaling in 
88% of cases 



Altered p53 pathway in signaling in 87% of cases 



Altered RB pathway in signaling in 78% of cases 





• Identification of additional significantly mutated genes in GBM, including LZTR1, 
ATRX, KEL and QKI 

• pattern of mutations, not attributable to chance, among genes implicated in 
regulation of chromatin modification. 

• Additional changes the structure of the gene EGFR 
• Characterization of rearrangements of chromosome 12 that contains the oncogenes 

MDM2 and CDK4;  
• highly frequent point mutations in a non-coding region of the TERT gene. 



The number of individual genes mutated at high 
frequency in GBM is small 

Mutual exclusivity of mutations in: 
• p53 pathway (MDM2, MDM4, and TP53); vs. 
• Rb pathway (CDK4, CDK6, CCND2, CDKN2A/B, and RB1); vs. 
• PI3K pathway (PIK3CA, PIK3R1, PTEN, EGFR, PDGFRA, and NF1) 

40% of tumors harbor at least one nonsynonymous 
mutation among the chromatin-modifier genes. 



FGFR3 TACC3 



Fusion transcripts involving EGFR result in 
downstream STAT3 signaling 



Fusion-positive 

Fusion-negative Fusion-positive glioma cells 

FGFR inhibitors are efficacious in fusion-positive 
glioma cells in preclinical model systems 



FGFR-TACC fusions in glioma 

• Fusion is present in ~3% if glioblastoma 
• Clinical trial of FGFR inhibitor for fusion-positive cases 
• Promising in concept, but raise logistical issues that challenge our previous 

paradigms of clinical trials designed for patient groups driven by histologic 
diagnosis 

• Targeted therapy for tumor-specific fusion gene as an attractive hypothesis, but 
• Challenge to enroll in trial where 97% of registered patients are ineligible 

 



• GBM as the test-case an initial entry for TCGA and initial description 
of first cohort of TCGA samples 

• Some comments on expression profiling and transcriptomal subtypes 
in GBM 

• Integrated analyses and thoughts on present and future approaches 
towards understanding diffuse gliomas 



Expression (mRNA) profiling 

• Widely used 
• Gene expression is dynamic 
• Many parameters affect gene expression pattern when viewed as a 

snapshot and as an “average” in bulk tumor 
• How stable and uniform are expression signatures in GBM? 



Transcriptomal subtypes of GBM 

• mRNA microarray as the first of the genome-wide platforms available 
for routine testing 

• Most experience with this platform over the years 



proneural 

mesenchymal 

prolif 

In retrospect:  
• inclusion of AA with GBM--IDH-mutant tumors 

(invariably proneural) accentuated the differences 
between IDHmut/proneural tumors and 
IDHwt/mesenchymal tumors 

• “proliferative” tumors represented an “other” 
category   
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Expression Signatures stratify tumors by grade 

..but there is some “noise”! 



the mesenchymal phenotype is a continuum 

1 2 3 4 5 6 7 8 9 10 

mesenchymal gene expression group 



• 4 subtypes 
• Mesenchymal, proneural 
• Classical subtype-associated with EGFR 

amplification/rearrangement 
• IDH1 mutation 



Mutations proneural neural classical mesenchymal 

TP53 54% 21% 0% 32% 

PTEN 16% 21% 23% 32% 

NF1 5% 16% 5% 37% 

EGFR 16% 26% 32% 5% 

IDH1 30% 5% 0% 0% 

PIK3R1 19% 11% 5% 0% 

RB1 3% 5% 0% 13% 

ERBB2 5% 16% 5% 3% 

EGFRvIII 3% 0% 23% 3% 

PIK3CA 8% 5% 5% 3% 

PDGFRA 11% 0% 0% 0% 

Multiplatform analysis to better characterize transcriptomal subtypes 



Mutations proneural neural classical mesenchymal 

TP53 54% 21% 0% 32% 

PTEN 16% 21% 23% 32% 

NF1 5% 16% 5% 37% 

EGFR 16% 26% 32% 5% 

IDH1 30% 5% 0% 0% 

PIK3R1 19% 11% 5% 0% 

RB1 3% 5% 0% 13% 

ERBB2 5% 16% 5% 3% 

EGFRvIII 3% 0% 23% 3% 

PIK3CA 8% 5% 5% 3% 

PDGFRA 11% 0% 0% 0% 

Multiplatform analysis to better characterize transcriptomal subtypes 





Current status of expression subtypes/analysis in 
GBM 
• Transcriptional drivers 
• Plasticity of subtype switching 
• Intratumoral heterogeneity 



STAT3 and CEBP-β at center of transcriptional 
network for MES gene expression in human tumors 

STAT3 and CEBP-β drive MES differentiation in glioma 
cells 



Potential for transcriptomal class switching was noted by 
comparison of matched primary-recurrent pairs 
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TNF-α promotes mesenchymal change in 
GBM neurospheres 



How uniform are transcriptomal profiles 
within a single tumor? 

 





single-cell RNA sequencing (RNA-seq) to profile 430 cells from 
five primary glioblastoma tumor samples 



• Transcriptomal phenotype: intra-
tumoral heterogeneity 

• Some cells show strong “hybrid” 
signatures 

• Degree of transcriptomal 
heterogeneity may be important 



Expression subtypes in GBM 

• A range of expression subtypes can be discerned in bulk tumor GBM samples 
• dynamic process with plasticity:  microenvironmental/intratumoral  

determinants  
• Can change over time 
• Non-uniform within a tumor 

• Useful to understand biology  
• IDH mutation and proneural signature 
• NF1 mutation and mesenchymal signature 

• Probably not robust as a classification tool in the clinic 
• Consider re-analysis of expression analysis based in IDH status (mut vs wt) 

rather than by histologic grade (GBM vs grade II-III) 



• GBM as the test-case an initial entry for TCGA and initial description 
of first cohort of TCGA samples 

• Some comments on expression profiling and transcriptomal subtypes 
in GBM 

• Integrated analyses and thoughts on present and future approaches 
towards understanding diffuse gliomas 
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CIMP status is associated 
with tumor grade 

CIMP+ % CIMP+ 

grade II 68/84 83.0% 

grade III 34/69 49.2% 

grade IV 18/221 8.0% 
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CIMP status is a stable phenotype 

•Characterize stability of CIMP status in matched primary-recurrent 
pairs. 
•Time between primary and recurrent samples: 2-9 years 
•CIMP status stable for both CIMP+ and CIMP- cases. 





Integrated analyses 

 





Integrative genomic studies 
increase reliability of 
classification compared to 
single platform studies  

iCluster 

mRNA expression DNA copy number DNA methylation 



TCGA GBM-LGG integrated analysis effort 

 
• What are the differences and similarities between IDH+ LGG and IDH+ 

GBM? 
 
• What are the differences and similarities between IDH1-wt LGG and 

IDH1-wt GBM? 



2 major methylation classes (G-CIMP+/G-CIMP-) 
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distribution according to IDH mutation status rather than histologic grade 



Kaplan-Meier Survival Curves based on methylation subclass 

G-CIMP-positive tumors 



Combined LGG/GBM expression data 

50 

Strong GBM Strong LGG 

Intermediate 

Genes high in LGG, 
low in GBM 

Genes low in LGG, 
high in GBM 

GBM branch LGG branch 



Strong GBM Strong LGG Intermediate 









What have we learned from the TCGA glioma effort? 

• Multiplatform genomic analyses if a powerful approach towards 
understanding glioma biology 

• allows inter-platform comparisons and detailed analysis of a large sample set 

• IDH mutation as a fundamental 



Understanding LGG and GBM in the context of IDH 
mutations 

IDH mutation status Traditional designation Clinical presentation 

Wild type De novo pathway Usually as GBM 

Mutant Secondary GBM pathway Usually as lower grade 
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Re-thinking relationships among diffuse glioma entities 
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Re-thinking relationships among diffuse glioma entities 



Histology can be deceiving? 
GBM GBM 

GBM-IDHmut GBM-IDHwt 



Some questions raised by TCGA data analysis 
of GBM and LGG 

• What are the drivers of progression for IDH-mutant diffuse glioma? 
• What is the relationship of IDHwt LGG to IDHwt GBM? 
• Should IDHwt lower grade glioma be clinically considered and treated 

as GBM? 



Next-generation TCGA project for diffuse glioma? 

GBM vs. grade II-III glioma IDHwt vs. IDHmut diffuse glioma 
Retrospectively collected samples 
Heterogeneous clinical f/u 

Prospectively collected samples 
Incorporated clinical f/u plan 

Tissue requirements limiting (frozen 
tissue/blood, etc) 

Tissue requirements less restrictive 
(?FFPE/?better support for frozen tissue banking) 

Results without impact on patients 
under study 

Real-time CLIA testing/integration 
with clinical trials 

Heterogeneous therapies Cohorts of uniformly treated patients 

Past Future 

No companion biologic studies Primary cultures/companion functional studies 

Bulk tumor profiled Incorporate single cell profiling 

Pre-treatment sample only Matched pre- and post-treatment samples 

Adult patients Children and adult patients 



TCGA GBM effort 

• Success of team science 
• Large sample size with robust genome-wide platform analyses have allowed 

insights into glioma biology 
• Mutational spectrum 
• Refinement of transcriptomal subtypes 
• Targetable alterations including fusion transcripts 
• “primacy” of IDH mutation as and link to epigenetic changes 

• Future efforts will undoubtedly focus on clinical relevance and implications 
of key genomic findings in glioma 

 



 



EGFR mutations/fusions characterized 

57% of GBM with evidence of 
mutation, rearrangement, altered splicing, 
and/or focal amplification 
of EGFR. 



•  impact of specific genomic alterations on 
downstream pathway signaling is not linear 
not always predictably concordant with 
genotype.  

Targeted proteomic profile 







Intratumoral heterogeneity of RTK amplification in GBM 



Implications of RTK co-amplification for 
clinical practice/clinical trials 
• RTK co-amplification present in ~5% of GBM 
• But co-amplification of alternate RTK present in 43% of PDGFRA-

amplified tumors 
• Implications for targeted therapy trials with PDGFR inhibitors 



TERT promoter mutation in GBM 

• C228T mutation in 15/25 cases 
• C250T variant was found in another six cases  
• TERT promoter mutations at these two hot spots were correlated 

with upregulated TERT expression at the RNA level 


	TCGA analysis of glioblastoma
	Slide Number 2
	TCGA timeline�GBM was initial entry 
	TCGA analytic mandate:  �No Platform Left Behind
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	The number of individual genes mutated at high frequency in GBM is small
	Slide Number 13
	Slide Number 14
	Slide Number 15
	FGFR-TACC fusions in glioma
	Slide Number 17
	Expression (mRNA) profiling
	Transcriptomal subtypes of GBM
	Slide Number 20
	Expression Signatures stratify tumors by grade
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Current status of expression subtypes/analysis in GBM
	Slide Number 28
	Potential for transcriptomal class switching was noted by comparison of matched primary-recurrent pairs
	Slide Number 30
	Slide Number 31
	How uniform are transcriptomal profiles within a single tumor?
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Expression subtypes in GBM
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	CIMP status is a stable phenotype
	Slide Number 43
	Integrated analyses
	Slide Number 45
	Slide Number 46
	TCGA GBM-LGG integrated analysis effort
	Slide Number 48
	Kaplan-Meier Survival Curves based on methylation subclass
	Combined LGG/GBM expression data
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	What have we learned from the TCGA glioma effort?
	Understanding LGG and GBM in the context of IDH mutations
	Re-thinking relationships among diffuse glioma entities
	Re-thinking relationships among diffuse glioma entities
	Re-thinking relationships among diffuse glioma entities
	Re-thinking relationships among diffuse glioma entities
	Re-thinking relationships among diffuse glioma entities
	Histology can be deceiving?
	Some questions raised by TCGA data analysis of GBM and LGG
	Next-generation TCGA project for diffuse glioma?
	TCGA GBM effort
	Slide Number 66
	Slide Number 67
	 impact of specific genomic alterations on downstream pathway signaling is not linear�not always predictably concordant with genotype. 
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Implications of RTK co-amplification for clinical practice/clinical trials
	TERT promoter mutation in GBM

