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Scenario 
• The individual presents at age 50 

with cough, dyspnea, and chest 
discomfort. Evaluation reveals a 
lung mass; bronchoscopy and 
biopsy reveals advanced  non-small 
cell lung cancer. Her tumor is 
found to have variations that allow 
the use of targeted therapy and 
with treatment the patient goes 
into remission, followed by relapse, 
further testing and treatment.   



Cancer Clinical Scenario Conclusions 

• Model 1 (targeted mutation testing):  
– Current Practice 
– Resistance 
– Companion Diagnostics 

• Model 2 (MPS for disease and actionable 
variants):  
– More genomes in Oncology than  anywhere else 
– More germline genomes also, (including PG), not 

fully exploited 
• Model 3 (MPS + incidentaloma with no 

threshold): 
– Genomes give more information than exomes 
– Full disclosure of “incidentalome” a research 

question (45 CFR) 



Standard chemotherapy 
(2001) 

TKI as Second Line 
chemotherapy 
(2003) 

Targeting of TKI 
(2004) 

Resistance to TKI 
(2006) 

 
75-82% RR 
PFS 8.9-13.3 mos 
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Model 1: 
Targeted 
panels 
today  



Targeted therapies approved or in pre-clinical study for lung cancer  



RTK, ALK, QALY 

Targeted Genetic Intervention Cost per QALY 

Lung /Erlotinib $94,638 

Lung /ALK $106,707 

*BRCA1 testing/MRI age 35-54 $55,420 

**Lynch/IHC/BRAF $36,200 

*JAMA 295:2374, 2006  
**Ann Int Med 155:69, 2011 



Current Opinion in Genetics & Development 2012, 22:45–49 

Exploiting Genetics of Resistence 



Woops, the tumor may show hallmarks of 
germline changes: the example of EGFR*T790M 

• Girard et al Clin Cancer Res. 2010 Jan 15;16(2):755-63 

JAMA. 2012;307(22):2418-2429 



Model 2:  Sequencing of “Actionable”Cancer Genes 

IMPACT: Integrated Mutation Profiling of Actionable Cancer Targets 

B 

B B 

B 

Hybridize and select 
(NimbleGen SeqCap) 

Sequence to 500-1000X 
(1 lane of HiSeq 2000) 

B B 

B 

B 

Baits for 230 cancer genes 

Prepare 12-24 libraries 

adapted from Wagle, Berger et al., Cancer Discovery, 2:82-93, January 2012 

Align to genome 
and analyze 

Genomics Core Lab Berger Lab Berger Lab 

Berger Lab 



ABL1 CBLC DNMT1 FGFR1 IGF1R MDM2 NOTCH2 PNRC1 SPOP 
ABL2 CCND1 DNMT3A FGFR2 IGFBP7 MDM4 NOTCH3 PREX2 SRC 
AKT1 CCNE1 DNMT3B FGFR3 IKBKE MEN1 NOTCH4 PRKAR1A STK11 
AKT2 CD79B EGFR FGFR4 IKZF1 MET NPM1 PRKCI SUFU 
AKT3 CDC42EP2 EIF4EBP1 FH INSR MITF NRAS PTCH1 TBK1 
ALK CDC73 EP300 FLCN IRS1 MLH1 NTRK1 PTEN TEK 
ALOX12B CDH1 EPHA3 FLT1 IRS2 MLL NTRK2 PTPN11 TERT 
APC CDK4 EPHA5 FLT3 JAK1 MLL2 NTRK3 PTPRD TET1 
AR CDK6 EPHA6 FOXL2 JAK2 MLL3 PAK7 PTPRS TET2 
ARAF CDK8 EPHA7 GATA1 JAK3 MLST8 PARK2 RAF1 TGFBR2 
ARHGAP26 CDKN2A EPHA8 GATA2 JUN MPL PARP1 RARA TMPRSS2 
ARID1A CDKN2B EPHB1 GATA3 KDM5C MSH2 PAX5 RB1 TNFAIP3 
ASXL1 CDKN2C EPHB4 GNA11 KDM6A MSH6 PBRM1 REL TOP1 
ATM CEBPA EPHB6 GNAQ KDR MTOR PDGFRA RET TP53 
ATRX CHEK1 ERBB2 GNAS KEAP1 MYB PDGFRB RICTOR TP63 
AURKA CHEK2 ERBB3 GOLPH3 KIT MYC PHOX2B RPTOR TSC1 
BAP1 CREBBP ERBB4 GRIN2A KLF6 MYCL1 PIK3C2G RUNX1 TSC2 
BCL2L1 CRKL ERG GSK3B KRAS MYCN PIK3CA SDHB TSHR 
BCL6 CRLF2 ESR1 HDAC2 LDHA NCOA2 PIK3CB SETD2 VHL 
BIRC2 CSF1R ETV1 HIF1A LGR6 NF1 PIK3CD SHQ1 WT1 
BRAF CTNNB1 ETV6 HMGA2 MAGI2 NF2 PIK3CG SMAD4 YAP1 
BRCA1 CYLD EZH2 HNF1A MAP2K1 NFE2L2 PIK3R1 SMARCA4 YES1 
BRCA2 DAXX FAM123B HRAS MAP2K2 NFKB1 PIK3R2 SMARCB1 
CARD11 DDR2 FAM46C HSP90AA1 MAP2K4 NFKB2 PIK3R3 SMO 
CBL DICER1 FAS IDH1 MAP3K8 NKX2-1 PKM2 SOCS1 
CBLB DIS3 FBXW7 IDH2 MCL1 NOTCH1 PLK2 SOX2 

Current List of 230 Cancer Genes 

Caveats: 
  -VUS! 
-  consent 



When lawyers write consents for 
commercial (for-profit) NGS  



 

When Academics write Consent for 
Research NGS 





Model 3 
The Full Monty 
 
breast cancer 
genome 

PALB2 
Frame shift 
mutation 



Germline genome 

Complex 
SV 
disrupting 
PALB2 in 
germline 



Serous ovarian 
cancer genome 

LOH of 
PALB2  and 
germline 
SV retained 



                                                                                                                                 
 
 

                                                                                                      
 
 

Kauff, Offit, NEJM  2002; 
23;346(21):1609-1534 
 
Robson and Offit, NEJM. 
2007;357(2):154-62. 
 
 
 
 
 
 

Surgery 
 
 

TTreatment 
      PARPi 
 



T7A 

T7B T7C 

A/A A/A 

A/C 
Stadler et al. Am J Hum Genet (2012, in press)  

De Novo Mechanisms  in Human Cancer Etiology 
 



The “Incidentalome” 

• Would you want to know if you had risk 
for Alzheimer’s? 

• For sudden cardiac death? 

• For a genetic condition which could 
determine the health of children or 
grandchildren? 

Return of 
results 

OPT-OUT:  OPT-IN:                                     OPT-IN:                                    UNAVAILABLE 

  RESULTS CHANGE 
MEDICAL 

MANAGEMENT 

 IT MAY BE IMPORTANT INFORMATION BUT IT WILL NOT 
CHANGE MEDICAL MANAGEMENT  

PRENATAL TESTING 
MAY BE AVAILABLE 

UNINTERPRETABLE 
INFORMATION 

  

BINs 1  2A  2B  2C 3 4 

              

level of risk:  High  Low Medium  High 
Low to person, 

potentially high to 
offspring 

  

              

Examples: 

a single gene change 
that gives a >60% life 

time risk for           
breast cancer                                                      

OR       a single gene 
change that causes 

people with it to have 
less side effects when 

a certain  drug is 
given   

gene changes that may 
slightly alter your risk 
of common diseases  

gene changes 
that may slightly 
alter your risk of 

important  
diseases or single 
gene conditions   

for which no firm 
clinical 

recommendations 
exist  

 a single gene 
change that 
gives a  high 

life time risk for 
untreatable  

neurodegenera
tive disease 

Carrier status for 
severe AR or X-
linked disease : 
childhood onset 

neurodegenerative 
disease OR Mental 

retardation  

Will need further 
research before clinical 

relevance can be 
established 

              

Adapted Berg model 

table adapted from Berg et al. (reproductive bin 3 added) 



Results of a single genome (exome) 

No bin 1 variants 
Bin 2a: 3 SNPs 

1 = PharmG 
  CYP2C9 rs1799853 
2 = low risk cancer SNPs 

IL23R rs11209026 
CLPTM1L rs402710  

Bin 2b: 14 previously reported variants, no novel 
 3 carrier conditions: Sitosterolemia, 

Methylmalonic aciduria, Hemansky Pudlak 
syndrome 



The effect sizes of most GWAS cancer risk SNPS 
are small and of no clinical utility  (Stadler et al 2010,2011; EGAPP) 

 

S.N.P. 

Exception; modifying SNPs in BRCA2/1 background   
•Gaudet PLOS Genet, Couch Nat Genet, 2010, submitted 



HMZ nonsense 



Cancer Clinical Scenario Conclusions 
• Model 1 (targeted mutation testing):  

– Targeted therapy is current practice, but access an issue 
– More expensive with more targets and more resistance 
– A resistance genotype may be seen in the germline 
– Cost of companion diagnostics may be impacted by Prometheus 

case (*) 
• Model 2 (NGS for disease and actionable variants):  

– Exon capture and whole exome analysis of tumors require 
germline controls: disclosure of actionable variants in cancer will 
impact pharmacogenomics as well as non-cancer disease risk in 
future generations  

• Model 3 (NGS + incidentaloma with no threshold): 
– Whole exome/genome analysis of tumors may reveal germline 

changes with therapeutic as well  familial risk implications. 
– May be prefigured if ID HHS-OPHS-2011-0005 change in 45 CFR (*) 
–  As in other scenarios, full disclosure of “incidentalome” –

outside context of medical practice standards -- will likely lead 
to clinical and economic inefficiencies (variants, utility 
concerns). 



The end of the beginning 

http://www.marthastewart.com/home.jhtml

