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American Cancer Society StaJsJcs on BLCA*	
  


• 90% over age 55, > half are over age 73
 

• Four times more likely in men than women 
• Lifetime risk for men 1 in 27; Women 1 in 85
 

• 4th most common cancer in men 

U.S. spends 2.2 billion dollars a year in health care for 
bladder cancer patients compared with 1.4 billion for 
prostate cancer** 

*American Cancer Society. Cancer Facts and Figures 2008. Atlanta, Ga: American Cancer Society; 2008 
**Agency for Health Care Policy & Research, 1995 and 1999, U.S. Public Health Service (HHS) 



Low-­‐ and High-­‐Grade BLCA

Low-­‐grade: superficial, less
likely to invade or
metastasize, frequently
reappears a;er resecJon but	
  
amenable to therapy, low
mortality

High-­‐grade: propensity to
invade and metastasize, high
mortality when invasive, but	
  
good response to treatment	
  if
detected early
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Muscle Invasive Bladder Cancer

•	 15-­‐20% of paJents with Ta, T1 or Tis cancer
progress to muscle invasion

•	 80% of paJents with muscle invasive cancer present	
  
de novo	
  

•	 Distant	
  metastases most	
  common cause of
treatment	
  failure
–	 Present	
  at the Jme of cystectomy
– Occurs in 40-­‐50% within 2 years without	
  

addiJonal therapy

December 9, 2012 Baylor College of Medicine 5
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Bladder Cancer Treatment	
  


•	 CisplaJn based mulJ-­‐agent	
  chemotherapy standard
of care for neoadjuvant	
  prior to cystectomy and for
measurable metastaJc disease

•	 No new FDA approved drugs for muscle invasive
BLCA cancer in over two decades!

6

Neoadjuvant chemotherapy 
Meta analysis 
(Eur Urol 48:202, 2005) 

JCO 23:4602, 2005 

Metastatic disease 

Baylor College of Medicine



   
   

     

    

     

     

     
   
  

BLCA Working Group Chairs and Coordinators

Co-Chairs: Seth Lerner 
John Weinstein 

Data Coordinator: Chad Creighton 

Analysis Coordinator: Rehan Akbani 

Admin. Coordinator: Margi Sheth 

Manuscript Coordinator: Maggie Morgan 

Chromatin Remodeling Chairs: David Kwiatkowsky, 
Jonathan Rosenberg, 
Peter Laird 



   BLCA Working Group Members 




 
 

 
 

 
 
 
 

 
 

 
 

Clinical Data	
  on TCGA Samples

• Muscle invasive urothelial cancer
– Mixed histology allowed up to 9%

• 126 samples in data	
  freeze for marker paper
– 153 qualified; 138 in pipeline

• Gender: male 72%; female 28%
• Caucasian 85%
• Median age 69 (34-­‐88)
• Follow up (n = 126)

– Median 209 days (0-­‐131.2 months)
• Event	
  rate

– Progression – 10 (data	
  available for 31 paJents)
– Deaths 35 – (data	
  available for all 126 paJents)



Staging of TCGA BLCA Cases (N = 124)
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CigareLe Smoking History

N = 126 
Smoking History

1-­‐Lifelong	
  Non-­‐Smoker	
  

2-­‐Current	
  Smoker

3-­‐Reformed smoker >15 yrs

4-­‐Reformed smoker <=15 yrs

5-­‐Reformed smoker NOS

Not	
  Documented

23%

19%

31%

21%

1%

5%



      
        
      

 
         

   

Status of the BLCA Project	
  


• Accrual a limiting factor but recently accelerated. 
• Productive Face-to-Face held in Houston in October 2012
 

• Data freeze at 126 tumor samples (plus normals) in 
December 2012 

• So data and analyses presented here will be an “interim 
look” 

• Fast progress on Marker Paper 



   
 

 

Significantly mutated genes

(J. Kim, 
Meyerson lab) 

MLL2 

(Preliminary Analysis) 



 

 

 

 
 

 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

   

MYCL1 

PPARG,RAF1 

FGFR3 

EGFR 

YWHAZ 
MYC 

CCND1,FGF19 

MDM2,FRS2 

ERBB2 

CCNE1 

E2F3,SOX2 

PVRL4 etc 

MLLT3 

KRAS 

HDAC9,TWIST1 

GPC3 

GISTIC2.0: focal events 

RB1 

NCOR1 
CREBBP 

PTEN 

LRP1B 
IKZF2 

FAM190A 

PDE4D,PART1 

KDM6A 

CDKN2A 

(J. Kim, Meyerson lab) 

(Preliminary Analysis) 



   

Unsupervised Clustering of MethylaJon Data	
  


(Preliminary Analysis) (T Hinoue, Laird lab) 15 




   

mRNA-­‐based subtypes

16
(Preliminary Analysis) (Y Liu, W Zhang) 



   

SuperCluster Results in RelaJon to GO Terms

17 (Preliminary Analysis) (K Hoadley, B Kim, et al.) 
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grp 2 3 1 4 all 
n 41 16 22 42 121 

sil w 0.97 0.93 0.97 0.87 0.93 

304/1216 MIMATs
 

top 25%
 

N0 AJCC disease lymph node stage 
N1 
N2 
N3 
N4 

T1 AJCC tumor stage 
T2 
T3 
T4 

203↑ 
204↓ 

143↓ 

2 3 1 4 

21,199b,199a 
(21*,27a,23a) 

182,30e,200c, 
10b,148a 

(21) 

Unsupervised NMF Consensus Clustering of miRNA data	
  


miR-100.MIMAT0000098 

N = 121 

atypical 

group 
silhouette width 

F gender 
papillary disgnosis subtype 
1 mRNA clusters 
2 3 
3 9 
4 7 
M0 AJCC metastatis stage 
M1 
MX 

I AJCC disease stage 
II 
III 
IV 

with tumor Neoplasm cancer status 
BLCA Public Clinical Data Oct-24-2012.xlsx 

(Preliminary Analysis) (G Robertson, A Chu, A Mungall, M Marra, BCGSC) 
 



      
      

 
 

Clustering of Proteomic (RPPA) Data	
  

19 

(R Akbani, Z Liu, J Weinstein, 
G Mills) 
(NG-CHM: http:// 
bioinformatics.mdanderson. 

(Preliminary Analysis) org/main/TCGA/NGCHM) 




            

SuperCluster Results

• Two to Three clusters found (R Akbani) (NG-CHM: http:// 
bioinformatics.mdanderson.org/main/ 

(Preliminary Analysis) TCGA/NGCHM) 
20 



   

  

 

 

    

       

                                    

             
 

  

 

DetecJon of Fusion protein FGFR3-­‐TACC3

1 

A. 

2 FGFR3 1 10 11 16 TACC3 16 17 

16 11 16 Fusion FGFR3-TACC3 pre-mRNA 171 2 

    CCGCGGAAAGCTCGTCATGAGGGGCCCACCAAGAACGACGGCACTCGGGCTC 

AGCTCGTCATGAGGGGCCCACCAAGAACGACGGCACTCGGGCTCACAGCGG 
GTCATGAGGGGCCCACCAAGAACGACGGCACTCGGGCTCACAGCGGGGAAA 

TCATGAGGGGCCCACCAAGAACGACGGCACTCGGGCTCACAGCGGGGAAAG 

Exon 1-16 Exon 11-16 Fusion FGFR3-TACC3 mRNA

 CAUGAGGGGCCACCAAGAACGACGGCACU 

TCGA-CF-A3MH 

648 TACC3 
1 838 

B. 
TK1 TK2 

Ig1 Ig2 Ig3 TM 
FGFR3 

1 807 

758 

TK1 TK2 
Ig1 Ig2 Ig3 TM 1 948 

Coiled-coil domain 

Fusion protein FGFR3-TACC3 

(Kucherlapati lab) (Preliminary Analysis) 21 



 

CD44 Exon Skip Non-­‐Smoker vs Heavy Smoker
(SpliceSeq Analysis)

(M Ryan, J Weinstein) 22(Preliminary Analysis) 



 

 

  

Virus integraDon sites in 7 Samples (VirusSeq Analysis)

• Four samples have integraDon sites for four different viruses
(HPV16, 45, 56, BK) (N = 85).

• The	
  other	
  three	
  samples	
  don’t	
  have	
  any detected integraDon sites	
  
(HPV6, CMV).
SampleIDs Mate_Number Virus Viral_Transcript HostGenes Integrated_Site 

BA3I601A 5 HPV16 HpV16gp5_E4 BCL2L1 exon2 

BA3I601A 7 HPV16 HpV16gp8_L1 BCL2L1 intron2 

BA3I601A 3 HPV16 HpV18gp1_E6 BCL2L1 intron2 

BA20V01A 60 HPV45 HpV45gp1_E6 DEC1 intron1 

BA20V01A 351 HPV45 HpV45gp2_E7 DEC1 intron1 

BA20V01A 62 HPV45 HpV45gp3_E1 DEC1 intron1 

BA3B401A 82 HPV56 HpV56gp1_E6 NOTCH1 exon27 

BA3B401A 11 HPV56 HpV56gp2_E7 NOTCH1 exon27 

BA3B401A 10 HPV56 HpV56gp1_E6 SEC16A exon2 

BA3B401A 227 HPV56 HpV56gp2_E7 SEC16A exon3 

BA3B401A 19 HPV56 HpV56gp3_E1 SEC16A exon3 

BA3B401A 36 HPV56 HpV56gp3_E1 SEC16A intron1 

(X Su, H Yao) 




(From	
  Peter	
  Laird’s	
  
workshop	
  presenta=on)	
  

Chroma=n	
  Remodeling	
  Theme	
  



Toshinori Hinoue, Jaegil Kim, Moiz Bootwalla, 
Tim Triche Jr, Hui Shen, Daniel J. Weisenberger, 

David Kwiatkowski, Gaddy Getz, Stephen B. 
Baylin, Peter W. Laird 

The Chromatin Remodeling Story 



26 
(Preliminary Analysis) 

Epigene=c	
  Modifiers	
  Mutated	
  in	
  More	
  than	
  3	
  Samples	
  
out	
  of	
  100	
  Analyzed	
  



A)−E) The types and relative positions of somatic mutations 
are shown in the transcripts of each gene using the symbols 
shown on the top. Domains and motifs in each encoded 
protein product are indicated below each transcript. F) 
Concurrent and mutually exclusive mutations observed in the 
five genes. For each gene (row) indicated, tumors (columns) 
with or without mutations are labeled in black or gray, 
respectively. 
 
 

F) 

1. KDM6A (27%) - Histone H3K27 demethylase 

2. ARID1A (26%) - SWI/SNF complex 

3. MLL2 (26%) - Histone H3K4 methyltransferase 

4. MLL3 (24%) - Histone H3K4 methyltransferase 

5. EP300 (17%) - Histone acethyltransferase 

100 bladder tumor samples 

ARID1A 

EP300 

MLL2 

MLL3 

KDM6A Mutually 
Exclusive 
P =0.043  

Silent Nonsense 
Missense 
Splice site 

Frame shift ins 
Frame shift del In frame del 

(Preliminary Analysis) Significantly Mutated Genes 



Mean DNA methylation difference 
MLL2 Mutant − wildtype 
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46.5% 
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All probes  
examined  

17.2% 

66.9% 
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Probe  
location 

gb−dw

p−dw

blank

gb−up

p−up

−400 −200 0
Number probes associated with expression changes

MLL2 methylation vs. expression analysis
d e 

Genes with DNA  
methylation changes  

Gene expression 
down-regulated 
In MLL2 mutant 

Gene expression  
up-regulated  
in MLL2 mutant 

175 117 
4,015 

200 159 

SET domain 
MLL2 Mutations 

−0.2 0.1 −0.1 0.2 0.0 
0 

1 

2 

3 

4 

(Preliminary 
Analysis) 



DraN	
  Pathway	
  Figure	
  

(Preliminary Analysis) (C Creighton) 



Roles	
  and	
  Word	
  Counts	
  for	
  wriEng	
  BLCA	
  Marker	
  Paper	
  


