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New cancer treatment paradigm 



Consenting patients 

• Clinical sequencing of tumors 

• Consent and data privacy issues are related to 

germline sequence data, not tumor sequence  

• Multiple approaches to somatic sequencing, 

which are non-equivalent in their use of germline 

data 

– Each of these requires a different approach to 

consenting 

– However, an individual physician decision about  

consenting tends to depend upon time, support and 

concerns about legal liability 



Sources of germ line findings in tumor 

mutation profiling 

• Indirect: germ line DNA sequence reflected 

in DNA of tumor 

• Direct: germ line DNA sequence determined 

for comparison to tumor sequence 



ATGGCT 

Tumor BAM file 

- - GG - - 

Could be either germ line or somatic 

ATCCCT 

Reference sequence 

Tumor sequencing without matched 

normal 



Current List of Foundation One Genes 

ABL1 BTK CTNNB1 FGF23 IL7R MLH1 PDGFRA SMO 

AKT1 CARD11 DAXX FGF3 INHBA MLL PDGFRB SOCS1 

AKT2 CBFB DDR2 FGF4 IRF4 MLL2 PDK1 SOX10 

AKT3 CBL DNMT3A FGF6 IRS2 MPL PIK3CA SOX2 

ALK CCND1 DOT1L FGFR1 JAK1 MRE11A PIK3CG SPEN 

APC CCND2 EGFR FGFR2 JAK2 MSH2 PIK3R1 SPOP 

AR CCND3 EMSY FGFR3 JAK3 MSH6 PIK3R2 SRC 

ARAF CCNE1 EP300 FGFR4 JUN MTOR PPP2R1A STAG2 

ARFRP1 CD79A EPHA3 FLT1 KAT6A MUTYH PRDM1 STAT4 

ARID1A CD79B EPHA5 FLT3 KDM5A MYC PRKAR1A STK11 

ARID2 CDC73 EPHB1 FLT4 KDM5C MYCL1 PRKDC SUFU  

ASXL1 CDH1 ERBB2 FOXL2 KDM6A MYCN PTCH1 TET2 

ATM CDK12 ERBB3 GATA1 KDR MYD88 PTEN TGFBR2 

ATR CDK4 ERBB4 GATA2 KEAP1 NF1 PTPN11 TNFAIP3 

ATRX CDK6 ERG GATA3 KIT NF2 RAD50 TNFRSF14 

AURKA CDK8 ESR1 GID4 KLHL6 NFE2L2 RAD51 TOP1 

AURKB CDKN1B EZH2 GNA11 KRAS NFKBIA RAF1 TP53 

AXL CDKN2A FAM123B GNA13 LRP1B NKX2-1 RARA TSC1 

BAP1 CDKN2B FAM46C GNAQ MAP2K1 NOTCH1 RB1 TSC2 

BARD1 CDKN2C FANCA GNAS MAP2K2 NOTCH2 RET TSHR 

BCL2 CEBPA FANCC GPR124 MAP2K4 NPM1 RICTOR VHL 

BCL2L2 CHEK1 FANCD2 GRIN2A MAP3K1 NRAS RNF43 WISP3 

BCL6 CHEK2 FANCE GSK3B MCL1 NTRK1 RPTOR WT1 

BCOR CIC FANCF HGF MDM2 NTRK2 RUNX1 XPO1 

BCORL1 CREBBP FANCG HRAS MDM4 NTRK3 SETD2 ZNF217 

BLM CRKL FANCL IDH1 MED12 NUP93 SF3B1 ZNF703 

BRAF CRLF2 FBXW7 IDH2 MEF2B PAK3 SMAD2 

BRCA1 CSF1R FGF10 IGF1R MEN1 PALB2 SMAD4 

BRCA2 CTCF FGF14 IKBKE MET PAX5 SMARCA4 

BRIP1 CTNNA1 FGF19 IKZF1 MITF PBRM1 SMARCB1   



Which somatic variants to evaluate? 

• Gene mutation consistent with phenotype 

– Important to go back to family history 

• Known founder mutations 

– Ashkenazi Jewish BRCA1/2 mutations 

• Biallelic mutations in the tumor 

• Functionally significant 

– Not variants of uncertain significance 

• Allelic ratio in tumor 



ATCCCT ATGGCT 

Germ line BAM file Tumor BAM file 

ATGGCT 

Germ line sequence Tumor sequence 

Active 

comparison 

ATGGCT 

Tumor sequencing with germline 

normal 



ATCCCT ATGGCT 

Germ line BAM file Tumor BAM file 

Subtracted file (T-N) 

- - GG - - 

Subtracting out the germline 



ATGGCT ATGGCT 

Germ line BAM file Tumor BAM file 

Subtracted file (T-N) 

- - - - - 

Machine 

Human 

But presence of germ line mutation 

may be revealed during QC review 

Germ line variants are actively 

obscured by subtraction algorithms 



ATGGCT ATGGCT 

Germ line BAM file Tumor BAM file 

Subtracted file (T-N) 

- - - - - - 

Germ line sequence 

- - GG - - 

Active comparison to 

reference sequence 

Direct generation of germ line findings 

when profiling tumors 



Consent based on sequencing plan 

• Tumor sequencing alone 

– Generally no consent done 

• Tumor sequencing, subtracting out the germline 

– Short consent, if only returned if germline mutation found during 

QC process (unusual in the process) 

– Consent required if option to give the germline data back as part 

of a research protocol 

• Tumor sequencing with planned return of germline 

results 

– Consent required 

– Need to consider extent of germline results returned, e.g. just 

cancer susceptibility genes or other medically actionable genes 

as well 



Incidental-ome 

• Mutations and variants in genes unrelated to the 

phenotype being studied 

• Focus is on medically actionable genes 

– e.g. LDLR mutation (familial hypercholesterolemia) in 

patient sequenced for a brain tumor 

• Autosomal recessive carrier status 

– e.g. CFTR carrier status 

• Pharmacogenetic metabolism variants 

 



“This evaluation and reporting 
should be performed for all 

clinical …sequencing, including 
the “normal” in tumor-normal  

subtractive analyses in all 
subjects, irrespective of age…” 



Courtesy of Mark Robson, MD 



“Recalibration” 

• ACMG Press Release (1 April 2014) 

– “There has been significant discussion surrounding 

the initial ACMG recommendations…[The board] has 

recommended that such an ‘opt-out’ option be 

offered…” 

 

• Not clear how to elicit preferences for germ line 

“opt-out” in setting of tumor profiling 



Conclusions 

• Longstanding issues in genetics continue to be 

discussed in the context of tumor/normal sequencing 

– What are our ‘duty to seek’ and ‘duty to warn’? 

• Somatic mutation sequencing at any institution needs to 

be developed in concert with attention paid to how 

germline data will be dealt with and returned 

– Each institution may deal with these issues differently 

– Different approaches particularly between whether somatic 

sequencing comes from an oncology-based or genetics-based 

laboratory 

• Important to have considered questions of consent and 

data privacy ahead of time and have a plan 


