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The Vision for “Precision Medicine” in Cancer 
Genotype first, select target, monitor early response 
 

Haber, Gray, Baselga, Cell, 2011 



MSK-IMPACT™:  
Integrated Mutation Profiling of Actionable Cancer Targets 

Capture DNA for 
341 cancer genes 

“Next gen” Sequencing 
(HiSeq 2500) 

Prepare DNA from Tumor 
and Normal cells 

Align to genome 
and analyze 

Won et al., Journal of Visualized Experiments, Oct 2013 

Somatic Alterations (specific to tumor): 
Sequence Mutations 

Copy Number Gains and Losses 
Select Rearrangements 



Selection of 341 Key Cancer Genes 

Gene Selection Committee: Representatives from Pathology, Medical Oncology, 
Radiation Oncology, HOPP, and Computational Biology 
 

Additional Input from solid tumor teams, phase I and immunotherapy clinics, CMBT, 
and clinical genetics service 

ABL1 BARD1 CD79B DDR2 ESR1 FOXP1 IKBKE MAP2K1 MUTYH PALB2 POLE RET SMARCB1 TNFRSF14 

AKT1 BBC3 CDC73 DICER1 ETV1 FUBP1 IKZF1 MAP2K2 MYC PARK2 PPP2R1A RFWD2 SMARCD1 TOP1 

AKT2 BCL2 CDH1 DIS3 ETV6 GATA1 IL10 MAP2K4 MYCL1 PARP1 PRDM1 RHOA SMO TP53 

AKT3 BCL2L1 CDK12 DNMT1 EZH2 GATA2 IL7R MAP3K1 MYCN PAX5 PRKAR1A RICTOR SOCS1 TP63 

ALK BCL2L11 CDK4 DNMT3A FAM123B GATA3 INPP4A MAP3K13 MYD88 PBRM1 PTCH1 RIT1 SOX17 TRAF7 

ALOX12B BCL6 CDK6 DNMT3B FAM175A GNA11 INPP4B MAPK1 MYOD1 PDCD1 PTEN RNF43 SOX2 TSC1 

APC BCOR CDK8 DOT1L FAM46C GNAQ INSR MAX NBN PDGFRA PTPN11 ROS1 SOX9 TSC2 

AR BLM CDKN1A E2F3 FANCA GNAS IRF4 MCL1 NCOR1 PDGFRB PTPRD RPS6KA4 SPEN TSHR 

ARAF BMPR1A CDKN1B EED FANCC GREM1 IRS1 MDC1 NF1 PDPK1 PTPRS RPS6KB2 SPOP U2AF1 

ARID1A BRAF CDKN2A EGFL7 FAT1 GRIN2A IRS2 MDM2 NF2 PHOX2B PTPRT RPTOR SRC VHL 

ARID1B BRCA1 CDKN2B EGFR FBXW7 GSK3B JAK1 MDM4 NFE2L2 PIK3C2G RAC1 RUNX1 STAG2 VTCN1 

ARID2 BRCA2 CDKN2C EIF1AX FGF19 H3F3C JAK2 MED12 NKX2-1 PIK3C3 RAD50 RYBP STK11 WT1 

ARID5B BRD4 CHEK1 EP300 FGF3 HGF JAK3 MEF2B NKX3-1 PIK3CA RAD51 SDHA STK40 XIAP 

ASXL1 BRIP1 CHEK2 EPCAM FGF4 HIST1H1C JUN MEN1 NOTCH1 PIK3CB RAD51B SDHAF2 SUFU XPO1 

ASXL2 BTK CIC EPHA3 FGFR1 HIST1H2BD KDM5A MET NOTCH2 PIK3CD RAD51C SDHB SUZ12 YAP1 

ATM CARD11 CREBBP EPHA5 FGFR2 HIST1H3B KDM5C MITF NOTCH3 PIK3CG RAD51D SDHC SYK YES1 

ATR CASP8 CRKL EPHB1 FGFR3 HNF1A KDM6A MLH1 NOTCH4 PIK3R1 RAD52 SDHD TBX3 

ATRX CBFB CRLF2 ERBB2 FGFR4 HRAS KDR MLL NPM1 PIK3R2 RAD54L SETD2 TERT 

AURKA CBL CSF1R ERBB3 FH ICOSLG KEAP1 MLL2 NRAS PIK3R3 RAF1 SF3B1 TET1 

AURKB CCND1 CTCF ERBB4 FLCN IDH1 KIT MLL3 NSD1 PIM1 RARA SH2D1A TET2 

AXIN1 CCND2 CTLA4 ERCC2 FLT1 IDH2 KLF4 MPL NTRK1 PLK2 RASA1 SHQ1 TGFBR1 

AXIN2 CCND3 CTNNB1 ERCC3 FLT3 IFNGR1 KRAS MRE11A NTRK2 PMAIP1 RB1 SMAD2 TGFBR2 

AXL CCNE1 CUL3 ERCC4 FLT4 IGF1 LATS1 MSH2 NTRK3 PMS1 RBM10 SMAD3 TMEM127 

B2M CD274 DAXX ERCC5 FOXA1 IGF1R LATS2 MSH6 PAK1 PMS2 RECQL4 SMAD4 TMPRSS2 

BAP1 CD276 DCUN1D1 ERG FOXL2 IGF2 LMO1 MTOR PAK7 PNRC1 REL SMARCA4 TNFAIP3 



Mutations 

FGFR2 
ERBB2, CDK12 

Copy Number Alterations 

Case Example: Breast Cancer Patient  
Several Important Alterations Found Using MSK-IMPACT 
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DIAGNOSTIC MOLECULAR PATHOLOGY LAB 

Tumor DNA Sequencing 

NEW KNOWLEDGE & INNOVATION 



cBioPortal: Cohort-Level Display (current) 

MSK Confidential 11 



cBioPortal: Patient-Level Display (current) 

MSK Confidential 12 



Clinical Trials are “Targeted”:  Need for Genomic Data 

• Only 2% standard “cytotoxics” 
 

• Many genomic targets are low 
prevalence (< 5%) disease of 
interest 
 

• Genomic data needed for 
 

• Eligibility 
• Biomarker development 

 
• Genomic data associated with 

response to immunotherapy 
 

Cytotoxic Only
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mTOR/TORC
7%

MEK
3%

BRAF
3%

HSP90
4%

ALK
2%

PARP
5%

TKI, VEGF
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TKI, Other
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Proteasome
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Hedgehog
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Other Targeted 
3%
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Antibody Drug Conjugate
4%
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2%
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6%

Drug Class/Target for Open Phase I-I/II Studies, MSKCC 2013*

*Division of Solid Tumor, 85 Unique Protocols
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Basket Studies  

 

• First generation studies 
are underway:  

– PI3K, AKT, FGFR, ERBB2, 
BRAF, etc 

• Second generation will 
add complexity: 

– i.e. BRAF + EGFR MAbs 

 



Vemurafenib Basket Study Schema 

V600 BRAF Mutation Identified Locally 

Lung 
Cancer 

Ovarian 
Cancer 

Colon 
Cancer 

Cholangio-
Carcinoma 

Breast 
Cancer 

Multiple 
Myeloma 

Other 
Solid 
Tumors 

Treatment with Vemurafenib (and Cetuximab in colorectal cancer) 
until progression or intolerable side effects 

Primary Endpoint: Overall response rate (at 8 weeks) 
Secondary Endpoint: Progression Free Survival 
 
Centralized retrospective testing of all tumors to confirm V600 BRAF mutation 



Vemurafenib Waterfall Plot ( D. Hyman, MSKCC) 
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Baseline 2 months 





Data is taken from Oncomine® Gene Browser and includes 
>28,800 patient samples subjected to whole exome 
sequencing. 

Frequency 

Frequency of ERBB2 Mutations Across Cancer Types 



A Case for Basket Trials: Mutations are Infrequent 

• Low prevalence (<5%) of mutation of interest across tumor types 

• Single-histology studies with prospective centralized screening are impractical 
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48 studies analyzed, 7851 unique tumors (ERBB2) 

Data from MSK  cBio.org 



Distribution of ERBB2 Mutations Across Cancer Types 

Source: Life Technologies/Compendia BioscienceTM. Data is taken from Oncomine® Gene Browser and includes >28,800 patient 

samples subjected to whole exome sequencing. 
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 Neratinib Basket Study Schema 

HER2 Mutation 
Identified 

Bladder 
Cancer 

Colon 
Cancer 

Endometrial 
Cancer 

Gastric 
Cancer 

Ovarian 
Cancer 

Other Solid 
Tumors 

Treatment with Neratinib 
until progression or intolerable side effects 

Primary Endpoint: Overall response rate (at 8 weeks) 
Secondary Endpoints: PFS, OS 
 
Multinational Study, MSKCC Lead Site 
MSKCC Central Repository for All Biospecimens 

All Solid 
Tumors 

HER3 Mutation 
Identified 

EGFR Mutation 
Identified 

Primary 
Brain Tumor 



Distribution of ERBB2 Mutations in Patients Enrolled in 

Neratinib Basket Study 

Receptor_L Furin-Like Receptor_L Furin-Like TM Tyrosine Kinase Domain 

Data cutoff 26-AUG-2014 

R970Q D277G 

S310F or S310Y 

V842I 

# 

V777L 

L755S 

G776V or G776AinsVGC 

A775_G776 InsYVMA or 

Y772_A775InsYVMA or 

A774_G775AVYM 

D251fs*1 

#, † Coexisting mutations in same patient 

N319D 

# † † 

Bladder 

CRC 

Breast 
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Ovarian Ampullary 

Kidney 

Gastroesophageal 

ERBB2 Mutation Type Incidence 

Missense Substitutions 69.2% (18/26) 

Insertions / Deletions 26.9% (7/26) 

Frameshift 3.8% (1/26) 

Tumor Legend 

D769H 

R678Q 

12 bp exon 20 insertion 







PI3K pathway in Breast Cancer 

mTOR 

AKT 

PI3K 

• Most frequent activating 
gene mutation in breast 
cancer 

• ER + and HER2 + 

• PI3K inhibitors in clinical 
development 

 

 

TCGA consortium, Nature, 2012 



*Patients with missing best percentage from baseline and unknown best overall response are not included. 
PD, progressive disease; PR, partial response; SD, stable disease; UNK, unknown. 

Clinical activity of BYL719 in patients with PIK3CA mut.  
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Preliminary efficacy with GDC-0032 treatment 

• Trend for increased GDC-0032 anti-tumor activity in patients 
with PIK3CAmut tumors 

Data as of 30 Nov 2012 



Anti-tumor Activity of GDC-0032 and Fulvestrant 
Combination 

SABC 2013 
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ER+ Metastatic Breast Cancer: Resistance to Hormonal Therapy 

Sequenced 36 ER+ metastatic breast tumors 
 

Treated with multiple lines of hormonal therapies (average >4 years) 

9/36 pts 

Top mutated genes 

Toy et al., Nature Genetics 2014 

E380Q V392I 

L536R 

Y537C 

Y537N 

D538G 

D538G 

BOLERO-2 trial 



Registration Road Map 

• Identify functional 
mutations 
– Transforming and sensitive 

to study agent 

• Define molecular tumor 
subtypes 
– Co-mutations 
– Identify potential 

combination therapies 

• Develop diagnostic 
platform(s) 

• Regulatory considerations 
for statistical approaches 



Registration Road Map 

• Approval of “low hanging fruit” indications 
– Very rare mutations with high clinical activity of study 

agent 
• Rare mutation defined as either frequent mutation in rare 

disease (BRAF in ECD) or rare mutation in frequent tumor 
(erbb2 in breast cancer, BRAF in NSCLC) 

• Address combinatorial approaches 
– Building backbone therapies and adding additional 

agents 
• PI3Kα inhibitor + SERD in PIK3CA mutant breast cancer 

– They will need to be compared to SOC 



Innovations in Breast Cancer Drug Development – 
Next Generation Oncology Trials 

Breast Cancer Workshop 
October 21, 2014 

Hyatt Regency Bethesda, Bethesda MD 
 

Co-sponsored by the U.S. Food and Drug Administration, the American 

Association for Cancer Research, the American Society of Clinical Oncology 

and the Breast Cancer Research Foundation  
 
 

Co-Chairs: Dr. Jose Baselga and Dr. Patricia Cortazar 


